
Antimicrobial Copper: 

Properties and Applications 
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Copper

• Color: copper, metallic 

• Properties: 

 Ductile

 Malleable 

 High thermal Conductivity

 High electrical Conductivity

 Easily alloyed                           

 Good corrosion resistance 

 Readily available

 Highly recyclable

 Antifouling  

Antimicrobial 
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Copper Alloys: Copper + other elements (Zinc, 

Tin, Nickel) 

 Available in various forms: sheets, strips, plates, foils, rods, bars, 

billets, and more

 Brasses, bronzes, copper nickels, nickel silvers (copper-nickel-zinc)

 Various colors
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Antimicrobial Copper is a portfolio of solid, 

surface materials that continuously kill bacteria*

Solid, copper-based metal 

alloys (e.g. brass, bronze)

Bent, formed, welded, 

cast, stamped, etc.

Durable, environmental 

surfaces

Not a coating or surface treatment!
*Laboratory testing shows that, when cleaned regularly, Antimicrobial Copper surfaces kill >99.9% of 

MRSA, VRE, Staphylococcus aureus, Enterobacter aerogenes, Pseudomonas aeruginosa, and E. coli 

O157:H7 within 2 hours
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Humankind has benefited from the antimicrobial 

properties of copper since ancient times 

 Humankind‟s oldest metal:  early uses include water transportation, 

coins, jewelry, weapons, and more

 Long before the germ theory of disease was developed, civilizations 

used copper to kill disease-causing organisms 

 Egypt (2000 BC) – purify drinking water and treat wounds 

 Hippocrates (400 BC) – Treat leg ulcers related to varicose veins

 Aztecs – Copper oxide and malachite  for skin conditions
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Antimicrobial Copper: Efficacy against 

Pathogens
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Brass Doorknob

Little bacterial growth

Stainless Steel Doorknob

Heavy bacterial contamination

72 hours after inoculation with E. coli

Doorknobs: A Source of Nosocomial Infection?

by P. J. Kuhn, Diagnostic Medicine, Nov/Dec 1983
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Bronze Copper-Nickel

Copper-Nickel-Zinc Plastic (polyethylene)

E. coli O157:H7 viability on 3 Antimicrobial 

Copper alloys: 

*Laboratory testing shows that, when cleaned regularly, Antimicrobial Copper surfaces 

kill >99.9% of E. coli O157:H7 within 2 hours
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E. Coli O157:H7 Viability

Epifluorescence Images after Staining with Viability Fluorophore CTC 

Solid Copper0 minutesStainless Steel

31,300,000
CFUs

31,400,000
CFUs
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Epifluorescence Images after Staining with Viability Fluorophore CTC 

Solid Copper30 minutesStainless Steel

26,899,425
CFUs

1,600,000
CFUs

E. Coli O157:H7 Viability
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Epifluorescence Images after Staining with Viability Fluorophore CTC 

Solid Copper60 minutesStainless Steel

25,933,468
CFUs

2,740
CFUs

E. Coli O157:H7 Viability
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E. Coli O157:H7 Viability

Epifluorescence Images after Staining with Viability Fluorophore CTC 

Solid Copper120 minutesStainless Steel

21,066,000
CFUs

<0.01%
CFUs
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E. coli O157:H7 long term survival on 

Stainless Steel 
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28 days at 20  ºC 
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Antimicrobial Copper Kills Methicillin-Resistant 

Staphylococcus aureus (MRSA) 
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Copper Brass (80% copper) Stainless Steel

*Laboratory testing shows that, when cleaned regularly, Antimicrobial Copper surfaces kill >99.9% 

of MRSA, VRE, Staphylococcus aureus, Enterobacter aerogenes, Pseudomonas aeruginosa, and 

E. coli O157:H7 within 2 hours
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30+ Peer-Reviewed & Published Papers
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Antimicrobial Copper:

From Laboratory Testing to Regulatory 

Approval  
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Antimicrobial Claims in the United States

EPA Jurisdiction: FIFRA
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 Three custom test protocols

 Six bacterial strains

 Six copper alloys

 Tests conducted at an EPA-

approved GLP Laboratory

EPA registration testing:
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Bacteria

Staphylococcus aureus

Enterobacter aerogenes

Escherichia coli O157:H7

Pseudomonas aeruginosa

Methicillin-Resistant 

Staphylococcus aureus

(MRSA)

Vancomycin-Resistant 

Enterococcus faecalis

(VRE)

Strain

ATCC* 6538

ATCC 13048

ATCC 35150

ATCC 15442

ATCC 33592

ATCC 51575

GLP tests: bacterial strains

*ATCC = American Type Tissue Collection
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Alloy UNS Cu Zn Sn Ni P

C110 100

C260 70 30

C510 95 5 .2

C706 90 10

C752 65 17 18

C280 60 40

GLP testing summary: tested alloys composition

(weight %)

Copper

Cartridge Brass

Phosphor Bronze

Copper Nickel

Nickel Silver

Muntz Metal
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GLP testing summary

 Three EPA-approved test protocols

 “Efficacy as a Sanitizer”

 “Residual Self-Sanitizing Activity”

 “Continuous Reduction of Bacterial Contaminants”

 Six bacteria

 Staphylococcus aureus

 Enterobacter aerogenes

 Escherichia coli O157:H7

 Pseudomonas aeruginosa

 Methicillin-Resistant Staphylococcus aureus (MRSA)

 Vancomycin-Resistant Enterococcus faecalis (VRE)
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Efficacy as a Sanitizer results

 Label claim: “This surface kills greater than 99.9% of bacteria within 

two hours of exposure.”
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 Initial efficacy test after 120-minutes

 Six „wear and inoculation‟ cycles

 Final 120 minute-efficacy test at least 24 hours after initial inoculation 

Reinoculation

Efficacy 

Test 

Inoculation Dry Wear Wet Wear

Reinoculation

24 hr. 
6 cycles 

Abrasion  

Boat

Abrasion  

Boat

Efficacy 

Test 

Residual Self-Sanitizing Activity:

Test procedure
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Residual Self-Sanitizing Activity results 

After 6 wear and 
reinoculation cycles 
and at least 24 hrs

Initial 120 min. 

efficacy test 

S304
S304

C110 C110

Antimicrobial properties of copper cannot be worn away
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Continuous Reduction of Bacterial Contaminants

 Test procedure

 Inoculate test samples every 3 hours for 24 hours

~10,000,000 CFUs per inoculation

8 total inoculations

 No cleaning in between inoculations

 Continuously measure antimicrobial efficacy prior to each reinoculation

 Purpose: demonstrate efficacy after repeated contamination

 Most difficult test to pass
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Continuous Reduction of Bacterial Contaminants: 

MRSA results

8 inoculations over 24 hrs, no cleaning in between

Stainless 

Steel

Antimicrobial 

Copper
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GLP testing results: % reduction summary

 3 protocols, 252 tests

 ALL tests on Antimicrobial Copper alloys showed a greater than 99% reduction

 241 of the 252 tests showed a greater than 99.9% reduction

Average Percent Reduction of Bacterial Contamination (GLP Studies) 

Group Alloy % Cu S. aureus E. aerogenes MRSA P. aeruginosa
E. coli 

O157:H7
VRE

Efficacy as a Sanitizer

I C110 99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

II C510 94.8 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

III C706 88.6 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

IV C260 70.0 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

V C752 65.0 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

VI C280 60.0 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

Residual Self-Sanitizing

I C110 99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

II C510 94.8 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

III C706 88.6 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

IV C260 70.0 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

V C752 65.0 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

VI C280 60.0 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

Continuous Reduction of 

Bacterial Contaminants 

(Results at 24 Hr)

I C110 99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

II C510 94.8 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

III C706 88.6 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

IV C260 70.0 99.3 99.7 99.7 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 99.9

V C752 65.0 >99.9 99.6 99.6 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9

VI C280 60.0 99.7 99.7 >99.9 >99.9 >99.9 >99.9 >99.9 99.8 >99.9 >99.9 >99.9 * >99.9 >99.9 >99.8
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 Groundbreaking registration

 Covers 355 copper alloys down 

to 60% copper

 Claims against 6 deadly bacteria

 First class of solid surfaces to 

obtain this form of registration

 Previously reserved for liquid 

and aerosol disinfectants

EPA public health registration for solid, copper 

alloys (Antimicrobial Copper)
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EPA registration: sample public health claims 

for Antimicrobial Copper

 This surface continuously reduces bacterial* contamination, achieving 

99.9% reduction within two hours of exposure.

 This surface kills greater than 99.9% of Gram-negative and Gram-

positive bacteria* within two hours of exposure.

 This surface delivers continuous and ongoing antibacterial* action, 

remaining effective in killing greater than 99.9% of bacteria* within 

two hours.

*Laboratory testing demonstrates effective antibacterial activity against:

Methicillin-Resistant Staphylococcus aureus (MRSA), Vancomycin-resistant 

Enterococcus faecalis (VRE), Staphylococcus aureus, Enterobacter aerogenes, 

Pseudomonas aeruginosa, and E. coli O157:H7.
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EPA registration: required language

The EPA requires the following statement to be included when 

making public health claims related to the use of Antimicrobial 

Copper products:

ñThe use of an Antimicrobial Copper surface is a supplement to and 

not a substitute for standard infection control practices; users must 

continue to follow all current infection control practices, including 

those practices related to cleaning and disinfection of environmental 

surfaces. The Antimicrobial Copper surface material has been shown 

to reduce microbial contamination, but it does not necessarily prevent 

cross-contaminationò
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Antimicrobial Copper: Effective in the labé 

Does it work in the hospital environment? 
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U.S. Government Funded Clinical Trials 

Funded by the Department of Defense 

Trials at three sites: 
Memorial Sloan-Kettering Cancer Center 

Medical University of South Carolina

Ralph H. Johnson VA Medical Center 
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 Antimicrobial Copper touch 

surfaces will lower total bacteria 

in hospital rooms

 Less bacteria = lower risk of 

infections

 Lower infections = saved lives, 

reduced treatment costs

Hypotheses:

Patients

Touch 

Surfaces

Health

Care 

Workers

Visitors

80% of infectious 

diseases are 

transmitted by 

touch

TIERNO, P. (2001): The Secret Life of Germs. Atria Books: New York, NY, USA.
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Sampling the built environment

 11 surfaces in 16 rooms were sampled for 10 weeks

 100 cm2 sterile templates placed over tested surfaces

 Exposed area wiped in a vigorous side to side motion using five 
strokes both ways (ten total) applying even pressure. 
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Phase 1 results: objects closest to patient most 

contaminated 

Bedrail     , Chair     , Over-bed Tray Table     , Nurse‟s Call Button     , 

Data Input Device     , IV Pole  

Salgado et al. “Microbial Burden of Objects in ICU rooms.” Poster presentation, Interscience

Conference for Antimicrobial Agents in Chemotherapy (ICAAC), October, 2008.
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Bed rails Nurse‟s call device

Data Input Monitor

Mouse

Over-bed tray 

table Visitor‟s chair 
Laptop 

IV Pole

Phase 2: Antimicrobial Copper products installed
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Antimicrobial Copper components in situ: 

Memorial Sloan Kettering Cancer Center
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Phase 2: Component contribution to bioburden

Salgado et al, 5th Decennial International Conference on Hospital Acquired Infections, 2010

Level considered an 

infection risk

(500 CFU/ 100 cm2) 

Clinical trial results are preliminary and under review; claims related to clinical 

trials have not been approved or reviewed by U.S. EPA.



40

Chilean clinical trials

 Hospital del Cobre, Calama, Chile

 High mountain desert, 5-10% relative humidity 

 Sampling protocols and copper components based on U.S. trials

 Will Antimicrobial Copper components be effective in low humidity?



41

 3 Intensive Care Unit (ICU) 

rooms fitted with copper 

components:

 Over the patient table

 I.V. Pole

 Monitor pen

 Bed lever

 Visitor chair arms

 Push plate

Antimicrobial Copper products installed
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Chilean trials results: Bacterial reduction on 

Antimicrobial Copper surfaces

Prado et al, Poster Presentation, 14th International Conference on Infectious Diseases, 2010

Clinical trial results are preliminary and under review; claims related to clinical 

trials have not been approved or reviewed by U.S. EPA.
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 Measure/compare bioburden on 

phlebotomy chairs

 Arms and tray tables copperized

 Compliments existing clinical data

 Outpatient clinic

 High percentage HIV positive

Northshore Hospital clinical trials

Manhasset, NY

Phlebotomy Chair
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Northshore Hospital clinical trials:

Antimicrobial Copper components fabricated
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Northshore Hospital trials:

Antimicrobial Copper chair arms/tables installed
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Northshore Hospital trials:

Antimicrobial Copper chairs in situ
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Northshore Hospital trials: Bioburden reduction

Chair Arm Tray Table
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Hirsch, B.E. et al, Poster Presentation, ICAAC, 2010. 

Antimicrobial

Copper 

Clinical trial results are preliminary and under review; claims related to clinical 

trials have not been approved or reviewed by U.S. EPA.
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Applications for Antimicrobial Copper 
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Healthcare-Associated Infections place a heavy 

toll on society

Healthcare Acquired Infections are the 4th leading cause 

of death (Wenzel et al, Emerg Inf Dis2001)

2,000,000 infections per year in the U.S. (Klevens et al. Pub Health 

Rep 2007)

100,000 deaths annually in the US (Klevens et al. Pub Health Rep 2007)

Costing $35-45 billion (Scott et al, CDC report, 2009)

Patients with infections twice as likely to die (JAMA, 2009; 302(21))
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US Healthcare-Associated Infection Deaths = 

One Full Jumbo Jet Crashing Every Day!
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Healthcare-Associated Infections Caused by 

Antibiotic-Resistant Organisms

Infectious Diseases Society of America, as derived from data collected by the Centers for Disease Control 

and Prevention.

MRSA – Methecillin

Resistant Staphylococcus 

Aureus

VRE – Vancomycin

Resistant Enterococcus

FQRP –
Fluoroquinolone Resistant 

Pseudomonas Aeruginosa

Infections increasing despite handwashing and surface 

disinfection campaigns



52

 Organism survival times on dry 

inanimate surfaces (non-

copper)

 E. coli: 1.5 hours – 16 months

 MRSA: 7 days – 7 months

 VRE: 5 days – 4 months

 Clostridium difficile: 5 months

 Rotavirus: 6 – 60 days

Built environment contributes to infections

Kramer A. BMC Infectious Diseases 2006;6:130
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Surfaces contribute to cross-contamination

 Hospital staff with contaminated gloves after touching hospital surfaces: 

 46% in MRSA positive rooms

 52% in VRE positive rooms

Boyce et al. ICHE 1997;18:622-7, Hayden M et al. ICHE 2008;29(2):149-54, 
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Touch Surfaces

Infectious microorganisms can survive in scratches on disinfected surfaces, 

but not on Antimicrobial Copper surfaces… 
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EPA Approved Touch Surface Applications

MEDICAL &

HEALTHCARE

FOOD &

HOSPITALITY

PUBLIC

TRANSPORT

SCHOOLS

PUBLIC

BUILDINGS

SPORTS

FACILITIES

Touch Surface Applications
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The Official Brand of the Worldôs Most 

Effective Antimicrobial Surface 
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 Over 350 different 

Antimicrobial Copper alloys 

 Spanning a wide range of 

colors and surface textures

 There is an Antimicrobial 

Copper option that fits in 

with any desired future 

design.

 Extremely versatile material 

that is easy to work with

Continuously killing bacteria 

never looked so good
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MRSA on Antimicrobial Copper vs. silver 

containing coatings 

Antimicrobial

Copper
Indistinguishable:

•Stainless Steel (control)

•Silver coating A

•Silver coating B

Michels et al, Letters in Applied Microbiology, 49 (2009), 191-195.

22C and 50% relative humidity

*Laboratory testing shows that, when cleaned regularly, Antimicrobial Copper surfaces kill >99.9% 

of MRSA, VRE, Staphylococcus aureus, Enterobacter aerogenes, Pseudomonas aeruginosa, and 

E. coli O157:H7 within 2 hours
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MRSA reduction relative to test conditions

>90% RH >90%RH ~20% RH ~24% RH

Materials ~35C ~20C ~35C ~20C

Copper >6.4 >6.1 >5.5 >5.0

Phosphor Bronze >6.4 >6.1 >5.5 >5.9

Copper-nickel >6.4 >6.1 >5.5 >5.9

Brass >6.3 >6.1 >5.5 >5.9

Copper-nickel-zinc >6.4 >6.1 >5.5 >5.9

Silver-containing

coating

>6.4 5.5 0 <0.2

Log10 reduction in live MRSA on copper alloys and a silver 

containing coating relative to stainless steel control after 24 hr at 

various temperature and relative humidity (RH) combinations

Michels et al, Letters in Applied Microbiology, 49 (2009), 191-195.

(JIS Z 2801 Conditions)
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The facts speak for themselves
(Silver-containing Coatings vs. Antimicrobial Copper)

Antimicrobial 

Copper

Silver-containing

Coatings

Legally permitted to make 

public health claims ᾜ ᾟ

Continuously Kills Bacteria 
(in typical indoor environments) ᾜ ᾟ

Never Wears Out
(ongoing action) ᾜ ᾟ

Safe to Use 
(recyclable) ᾜ ᾟ

Michels et al, Letters in Applied Microbiology, 49 (2009), 191-195.
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How to control bacteria in hospitals?

Medical Staff Areas Public AreasPatient Rooms
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Use Antimicrobial Copper for contact surfaces

Medical Staff Areas Public AreasPatient Rooms
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Clarification required in the US market

Laboratory testing shows that, when cleaned regularly, Antimicrobial Copper 

surfaces kill greater than 99.9% of the following bacteria within 2 hours of 

exposure: 

MRSA, VRE, Staphylococcus aureus, Enterobacter aerogenes, 

Pseudomonas aeruginosa, and E. coli O157:H7. 

Antimicrobial Copper surfaces are a supplement to and not a substitute for 

standard infection control practices and have been shown to reduce microbial 

contamination, but do not necessarily prevent cross contamination; users 

must continue to follow all current infection control practices including routine 

cleaning and sanitization procedures.
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Contact

Harold Michels, PhD

hmichels@cda.copper.org

(212) 251-7224

www.AntimicrobialCopper.com 


