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Presentation Notes
Over 20 years of study has resulted in numerous peer reviewed and published papers providing the scientific foundation for considering copper and copper alloys as a major tool to fight cross contamination and infections.

This presentation supports the poster  shown at the DiMiMED conference in Dusseldorf in November 2106.

The poster is available for download at www.antimicrobialcopper.org  



Q: why copper?

A:

A:

copper kills microbes

....Including high threat pathogens
and biothreat agents

copper has continuous and
persistent activity
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Presentation Notes
Antimicrobial copper surfaces are proven to inactivate lethal viruses and kill infectious bacteria that cause healthcare-associated infections (HAIs) responsible for substantial patient morbidity and mortality. These continuously active metal surfaces can be integrated into rapidly deployable military medical clinics and military medical treatment facilities to reduce the risk of infectious outbreaks thereby increasing productivity and improving mission effectiveness.
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Doorknobs: a source
of nosocomial infection?

This hospital study is @ reminder of the offen ignored fact that brass
Is bactericidal, while stainless steel is not.

PHYLLIS J. KUHN, PhD

leek and shining stainless steel

doorknobs  and  push  plales
look reassuringly clean on a hospi-
tal door. By conlrast, doorknobs
and push plates of tarnished brass
look dirty and contaminating. But
even when tarnished, brass—an al
lov Wpically of 67% copper and
33% zinc—is bactericidal, while
stainless steel—aboul 88% iron
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vestigation of bacterial growth on
metal, small strips of stainless
steel, brass, aluminum, and copper
were inoculated with broths of
Escherichia coli, Staphviococeus
aurens, Streptococeus group D, and
Pseudomonas species. The broths
contained approximately 107 bac-
teriaml, a very heavy inoculum.
Then the strips were air-dried for 24

tion, brass and copper
covered with seeded ap:
bated in culture for 24
cause the metals are 1
pected a zone of inhibit
the strips, hut instead, |
bacteria plled up by th
the strips. Why? Accon
Arndi-Shullz aw, low le
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1983 — First formally reported clinical experiment

Kuhn, P. Doorknobs: a source of nosocomial infection? Diagnostic Medicine, Nov/Dec, 1983
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This publication was probably the first time the antimicrobial effect of copper alloys were observed – and this was in a clinical environment.

Doorknobs: A Source of Nosocomial Infection? 
		 Kuhn, P. Diagnostic Medicine, Nov/Dec 1983.
		Hamot Hosp, Pennsylvania, USA:  study of brass vs stainless doorknobs.

From the conclusion:
	“If your hospital is being renovated, try to retain old brass hardware or have it repeated; if you have stainless steel hardware, make certain that it is disinfected daily, especially in critical-care areas. 
	We have known for years that certain metals are toxic to bacteria. It is the application of this knowledge to better infection control that warrants further attention.”



Antimicrobial Copper is...
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more than 500 metals and alloys
permitted to claim benefits to human health by US regulator EPA
guided by the copper industry to ensure compliance SNVEP STz
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Those supplying the Cu+ antimicrobial alloys and products are regulated in the USA by the EPA, where they are permitted to make public health claims following extensive testing.

The industry stewardship scheme helps makers and users deploy the technology to the best advantage.

The scheme is a requirement of the EPA registration in the US but has been rolled out globally to advise on the correct use of copper alloys.

The Cu+ antimicrobial alloys represent all the industrial copper alloys families and come in a variety of colors.
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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 0157:H7

Helicobacter pylori

Influenza A (H1IN1)

Klebsiella pneumoniae

Legionella pneumophila

Listeria monocytogenes

Mycobacterium tuberculosis

Norovirus or Norwalk-like virus

Penicilliium 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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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 Prof Bill Keevil at the UK Public Health Service Laboratory in the early 90s.  Keevil later 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 have sponsored researchers to look at the mechanism – how copper kills these pathogens. Research groups around the world working on this including University of Berne (Solioz), University of Halle (Nies), Bundeswehr Institute of Microbiology (Grass), 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 and was a first for any solid material, setting copper apart from any other material.



®

EPA Testing - re-inoculation trials

>99% kill on copper after 8 exposures over 24 hours with no cleaning in
between

MRSA colony forming units
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6 Michels, HT et al. From Laboratory Research to a Clinical Trial: Copper Alloy Surfaces Kill Bacteria and Reduce Antimicrobial
Hospital-Acquired Infections. HERD. 2015 Fall;9(1):64-79. Copper AL
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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 of 1,000,000 CFU every 3 hours for a period of 24 hours, in an attempt to simulate what might happen in a busy clinical environment.

Look at the stainless steel line and see the increase in number of bacteria 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 EPA to register copper as an approved antimicrobial material, the only solid material to be thus approved.


Dry contamination testing against bacteria
have shown rapid kill times

Applied and Environmental
Microbiology

Y s

MICROBIOLOGY

I Copper I Stainless steel

Colony forming units (CFU) per coupon
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7 Warnes, SL et al. Mechanism of Copper Surface Toxicity in Vancomycin-Resistant Enterococci following Wet or Dry Antimicrobial -
Surface Contact. Appl Environ Microbiol. 2011 Sep; 77(17): 6049-6059. Copper (1]
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This figure shows a simulation of a touch contamination event.  

Taken from Mechanism of Copper Surface Toxicity in Vancomycin-Resistant Enterococci following Wet or Dry Surface Contact.  
S. L. Warnes  and C. W. Keevil.
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Sept. 2011.

But see also for an appreciation of mechanistic studies:
Mechanism of copper surface toxicity in Escherichia coli O157:H7 and Salmonella involves immediate membrane depolarization followed by slower rate of DNA destruction which differs from that observed for Gram-positive bacteria.
S. L. Warnes,  V. Caves and C. W. Keevil.
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Nov. 2011

Mark Tur is currently Chair of a British Standards Institute (BSI) panel looking at a number of test methods.



Copper’s rapid ‘contact kill' mechanism makes it
unlikely bacteria will develop a resistance

1) Copper ions on the surface are recognized
as an essential nutrient, and enter the cell

2) A lethal dose of copper ions interferes with
normal cell functions and membrane
integrity

3) Copper ions impede cell
respiration/metabolism, sometimes causing
DNA damage

8 Grass, G, Rensing C, Solioz M. Metallic copper as an antimicrobial surface. Appl Environ Microbiol. 2011 Mar;77(5):1541-7.  pantimicrobial
u -

Copper
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The mechanisms by which solid copper surfaces damage and destroy human pathogens are still being studied. By interacting with the cell structure, copper initiates a series of cascading events, including rapidly interrupting normal functions and compromising cell membrane integrity. This allows copper to enter the microbe structure and overwhelm the metabolism. The final stage is the breaking down of genomic material. These numerous and complex reactions mean that resistance to copper alloys is unlikely to develop. 
Copper is also an essential nutrient for most pathogens and required for several metabolic functions, but is toxic when internal copper levels become excessive. 

A good review paper discussing the mechanism is Grass, G, Rensing C, Solioz M. (2011). Metallic copper as an antimicrobial surface. Appl. Environ. Microbiol. 77(5): 1541 -1547.

However the ongoing studies mean that recent papers are likely to be available.  Visit www.antimicrobialcopper.org for a recent bibliography.

Michels and Michels summarized the latest research on copper’s mechanism of action in a recent review:  Michels, HT and Michels, CA. (2016). Copper alloys – the new ‘old’ weapon in the fight against infectious disease. Current Trends in Microbiology. 10(1);23-45.






Efficacy against biothreat pathogens or proxies

Recent work at The Bundeswehr Institute of Microbiology on biothreats,
Including Burkholderia pseudomallei, Burkholderia mallei, Brucella
melitensis, Yersinia pestis, Francisella tularensis, and Orthopoxviruses
(Vaccinia VACV and Monkeypox MPXV), confirms that:

« all were inactivated by at least 7 log units within 5 minutes
« MRSA and E. coli suffered irrecoverable membrane damage
« Dbacteria were killed, not just viable but non-culturable (VBNC)

Bleichert, P et al. Inactivation of bacterial and viral biothreat agents on metallic Antimicrobial '
copper surfaces. Biometals. 2014 Dec;27(6):1179-89. Copper ]
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Key paper:
Bleichert, P et al. (2014). Inactivation of bacterial and viral biothreat agents on metallic copper surfaces. Biometals. 27(6):1179-89.

Combating Antibiotic Resistance With Copper Surfaces
Horizontal gene transfer (HGT) in bacteria plays an important role in the evolution of  Antibiotic resistance (AR). Research shows that, while HGT can take place in the environment – on frequently-touched surfaces such as door handles, trolleys and tables made from inert materials – 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 can therefore mitigate the transfer of AR between bacterial species.

Warnes, SL et al. (2012). Horizontal transfer of antibiotic resistance genes on abiotic touch surfaces: implications for public health. mBio. 3(6):e00489-12.


Clinical evidence
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So, can we show the same sort of effect in real life – in clinical trials?


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

Antimicrobial
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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.


US DoD funded 3 center, 3% year trial

INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY MAY 2013, VOL. 34, NO. 5

EE SHEA

The Socicty for Healthcare
Epidemiology of America

Copper Surfaces Reduce the Rate of Healthcare-Acquired
Infections in the Intensive Care Unit

Cassandra D. Salgado, MD;' Kent A. Sepkowitz, MD;* Joseph F. John, MD;’ J. Robert Cantey, MDj;'
Hubert H. Attaway, MS;* Katherine D. Freeman, DrPH;’ Peter A. Sharpe, MBA;®
Harold T. Michels, PhD;” Michael G. Schmidt, PhD*
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With a foundation of laboratory evidence and EPA registration, testing in the clinical environment was required to determine if the antimicrobial properties of copper alloys can provide a meaningful benefit in real world applications. As such, a multi-site clinical trial, sponsored by the US Department of Defense was conducted in the Intensive Care Units (ICUs) of three hospitals: Memorial Sloan Kettering Cancer Center, Medical University of South Carolina, and Ralph H. Johnson Medical VA Medical Center. This was a multi-year study carried out in three phases.

The 2013 paper reported reduced contamination (bioburden) levels and HAI rates.



Patients treated in ICU rooms with copper
surfaces had significantly fewer HAIs:

Copper rooms: 10 HAIs in 294 patients
Control rooms: 26 HAIs in 320 patients

Normalized populations = 24 Infections in control rooms

14 Infections prevented in copper rooms

or 58% reduction in HAI (N=614, p=0.013)

Salgado, C, et al. Copper surfaces reduce the rate of healthcare-acquired infections in the intensive care unit. Infect Control 5 ptimicrobi
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Hosp Epidemiol. 2013 May;34(5):479-86. Copper (MU


Presenter
Presentation Notes
With a foundation of laboratory evidence and EPA registration, testing in the clinical environment was required to determine if the antimicrobial properties of copper alloys can provide a meaningful benefit in real world applications. As such, a multi-site clinical trial, sponsored by the US Department of Defense was conducted in the Intensive Care Units (ICUs) of three hospitals: Memorial Sloan Kettering Cancer Center, Medical University of South Carolina, and Ralph H. Johnson Medical VA Medical Center. This was a multi-year study carried out in three phases.

In Phase 1, the baseline microbial burden on components in existing patient rooms was determined with a standardized sampling protocol and the surfaces of components to be converted to copper were identified and prioritized. Surfaces found to be the most contaminated and closest to the patient were fabricated from copper alloy materials. 

In Phase 2, a total of six components made from copper alloys, including bed rails, nurses’ call buttons, arms of the visitor’s chairs, over-bed tray tables, IV poles, and data input devices, were installed in half of the study rooms as shown in the image below. The existing cleaning and infection control practices at each institution remained unchanged throughout the study.

In Phase 3, infection rates were measured and compared over a one-year period between ICU rooms containing copper items or conventional surfaces. At the end of the study period, patients treated in copper rooms had 58% fewer infections compared to the control population (p=0.013; N=614)16. Infections were reduced by more than 50% simply by converting less than 10% of the touchable surface area in ICU rooms to copper.
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Largest clinical study so far

Of the 4,450,545 bacteria recovered during the trial, only 17%, rather
than an expected 50%, were isolated from rooms with copper objects

Acquisition of HCAIs was linked to bioburden:
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Salgado, C, et al. Copper surfaces reduce the rate of healthcare-acquired infections in the intensive care unit. Infect

14 X . Antimicrobial '
Control Hosp Epidemiol. 2013 May;34(5):479-86 Copper [&{1]
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Of the four papers published so far from this trial there is a growing understanding of the role of the environment and what impact even this limited intervention has had.

Salgado and colleagues also empirically demonstrated the link between the level of microbial burden on surfaces and the propensity to acquire an infection.

Salgado, C, et al. (2013). Copper surfaces reduce the rate of healthcare-acquired infections in the intensive care unit. Infection Control and Hospital Epidemiology. 34(5), 479–486.
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Fighting infections needs a systemic approach

s . /e
< B 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
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 oxidize to
varying degrees, which does not impair their antimicrobial efficacy.

Antimicrobial
15 mep
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It is important to stress that copper touch surfaces are an additional measure to supplement current practices.  It is not a substitute for hand washing and cleaning.
The clinical trials have been carried out under normal hospital conditions, with cleaning and disinfectant products typical in such an environment.
In the US and UK trials, copper was still working well after at least three years.
Copper is an additional weapon in combatting HAIs.


»

Latest paper shows copper’s persistent effect

American Journal of Infection Control HE (2016) HN-ER

Contents lists available at ScienceDirect

AllC

American Journal of Infection Control

American Journal of
Infection Control

journal homepage: www.ajicjournal.org

Major Article
Copper alloy surfaces sustain terminal cleaning levels in a
rural hospital

Shannon M. Hinsa-Leasure PhD *** Queenster Nartey BA ?, Justin Vaverka BA ¢,
Michael G. Schmidt PhD *?

* Department of Biology, Grinnell College, Grinnell, IA
" Deparrment of Microbiology and Immunelogy, Medical University of South Carolina, Charleston, 5C

Antimicrobial
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Grinnell College’s Associate Professor of Biology, Shannon Hinsa-Leasure, PhD, and her team conducted research over 18 months at Grinnell College and Grinnell Regional Medical Center (GRMC) in Iowa, with more than 1,500 samples. The study found significantly fewer bacteria on copper alloy products—such as grab bars, toilet flushes, IV poles, switches, keyboards, sinks and dispensers—than on traditional, non-copper hospital room surfaces.

With weekly sampling over the course of 12 months, 88% of the samples collected from copper components in occupied areas were below the recommended terminal clean level (250 CFU/100 cm2). During the same period, 55% of control surfaces had burdens above this threshold.

More surprisingly, in unoccupied rooms (given a terminal clean after the patient vacated), 51% of control samples were above the threshold. The observation that microbial populations are re-established on hospital surfaces subsequent to cleaning supported observations made in previous research.[2] 93% of the copper samples from unoccupied rooms were below the threshold.


Cost / benefit analysis
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Does installing copper make operational sense?


Basic ROI calculation from US clinical trials

= Low Cost Scenario ($29K/HAI)
= 14 infections prevented X $29,000/Infection = $406,000 Savings

= $406,000 + 338 days = $1,201/day
= $52,000 (cost of copper products) + $1,201/day
= 43.3 day payback period

= High Cost Scenario ($43K/HAI)
= 14 infections prevented X $43,000/Infection = $602,000 Savings

= $602,000 — 338 days = $1,781/day
= $52,000 (cost of copper products) — $1,781/day

= 29.2 day payback period

*HAI cost projections based on AHRQ estimates
*Estimated $52,000 to “copperize” 8 ICU Rooms (prototype pricing)

Antimicrobial
Copper Cu )
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A business case for deploying antimicrobial copper can be derived from the data reported in the Salgado study. Taking conservative estimates for the additional cost to treat an infection, the time to recoup the cost of outfitting the interventional rooms with copper items based on prevented infections was between 29 and 44 days as shown. 

This rapid payback is confirmed using the Salgado study infection reduction data in a fully referenced model developed by York Health Economics Consortium – see next slide.


Example: 20-bed ICU, new build, UK

factor reference example

HAI rate in ICUs 25% 15%
reduction in HAIs 58% 20%

pay back time < 3 months
no of bed days saved per year 216

cost per bed day saved per year €189.90

Download the model for free at www.antimicrobialcopper.org

L, YHEC

York Health Economics Consortium

Antimicrobial
19 Copper
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The commercial data input into the model was pessimistically costed, i.e. they were higher than the best costs available.

Likewise, the impact on HAIs of the copper intervention, was deliberately undervalued.
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USAID Ebola Challenge Winner — highlighte
application

ORI | {0 A | N e e

FIGHTING

EBOLA:

A GRAND CHALLENGE

FOR DEVELOPMENT

FROM THE AMERICAN PEOPLE
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Highlighted application is the Modula-S  modular clinic.

Modula S applied antimicrobial copper technology to their Emergency Medical Treatment Units - rapidly deployable, autonomous and netzero energy facilities that provide state-of-the-art technologies to help support a healthy environment of care. The design is in response to the recent Ebola Grand Challenge Award, granted by USAID, the White House OSTP, the Centers for Disease Control and the US Dept. of Defense.

The units are ideally suited for infection isolation, promoting safe, clean and comfortable buildings for patients and caregivers. The solar and ground-source powered, antibacterial, thermally resilient, netzero energy buildings can maximize healthcare worker efficacy in treating patients while mitigating the risk of transmitting infections.


Highlighted application — award winning Ebola
Emergency Treatment Unit

LA
Antimicrobial
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Design and view of a prototype Modula-S unit.


Zero net energy, autonomous and resilient ‘off
the grid’ building

Ultra-efficient building envelope
= Snap-on R60+ thin super insulation envelope panels
= One quarter the power for seven times the floor area

= Geothermal renewable energy
= Surface groundsource heat exchange
= Radiant heating and cooling

= 100% solar energy
= Battery and genset failsafe
= ‘Off the grid’ resilience

=  Autonomous
= The building is a microgrid
= | ow flow and natural ventilation

= Fast deployment
= Snap together modules

Antimicrobial
= Copper
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Visit www.modula-s.com for further information.


Conclusions
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5 Reasons to Consider Copper Alloys

1. unique, continuous and persistent efficacy
2. verified in the lab and field

3. supplement to best practice

(hand hygiene, cleaning and episodic disinfection)
4. increase productivity and improve mission effectiveness

5. protect staff and improve patient outcomes

Antimicrobial
24 Copper



Disclaimers

The US Department of Defense funded clinical trials were
supported by the US Army Medical Research and Materiel
Command under Contract No. W81 XWH-07-C-0053. The views,
opinions and/or findings contained in this article are those of the
authors and should not be construed as an official Department of
the Army position, or policy.

The work at The Bundeswehr Institute of Microbiology was
supported by a research grant from the International Copper
Association (ICA). Views expressed in this presentation are
those of the authors and do not necessarily reflect the official
position of the Bundeswehr Medical Services or the Federal
Ministry of Defence.
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- see the poster!

Thank you

Any questions?

Mark Tur, Technical Consultant
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www.antimicrobialcopper.org
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Thank you.
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