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Abstract
• National health-service providers, private health insurers, and healthcare practitioners have each called for increased 

practices that foster patient safety.
• Healthcare associated infections (HAI) represent one of the most significant risks to patient safety, occurring at an alarmingly 

high rate of 1 per 25 hospitalizations in the US. 
• Components fabricated from solid copper alloys have an ability to continuously control the concentration of microbes in situ

at levels recommended subsequent to terminal cleaning (<250 cfu/100cm2).
• In one clinical trial, limited placement of copper surfaces was shown to mitigate the rate of HAI acquisition through a 

reduction to environmental burden. 
• The HAI rate was significantly lower in rooms with copper surfaces (11.8 to 4.8 per 1,000 patient days (p= 0.013)). Here we 

report on the in situ evaluation of copper surfaces within an ambulatory-surgical care center. 
• Results

– Thirteen different objects were evaluated over 500 days. 
– Objects fabricated using copper alloys were found to harbor significantly lower concentrations of bacteria than 

control facsimiles (p<0.0001). 
– The median burden associated with the copper objects was below the limit of detection. 

• These results represent the first evaluation of copper alloy surfaces in a setting of ambulatory-surgical care
• Support previous observations that copper alloys continuously control the concentration of bacteria within built clinical 

environments. 
• Collectively these data serve to advance the conclusion that an application of copper touch surfaces throughout healthcare 

can enhance infection control efforts augmenting patient safety.
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Continuous control of microbial burden in clinical environments fosters patient 
safety through reductions in healthcare associated infections
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US Department of the Army position
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Learning Objectives
1. Understand the linkage between the intrinsic burden of the built clinical environment 

and Healthcare Associated Infections (HAI)
2. Review the opportunity that burden management of the built environment affords 

healthcare resulting in improvements to patient outcomes and satisfaction.
3. Evaluate the clinical opportunity afforded by interventions for limiting HAI
4. Evaluate the cost effectiveness of burden management in mitigating HAI acquisition 

rates

Michael G. Schmidt, Ph.D.
Professor of Microbiology and Immunology, Medical University of South Carolina
The views, opinions and/or findings presented here are those of the author and should not be construed as an official  position 
of the Center for Health Design or the Medical University of South Carolina

Continuous control of microbial burden in clinical environments fosters patient 
safety through reductions in healthcare associated infections
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If one full wide bodied jet was lost each day 
would anyone fly?
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In the United States

1 : 25 Contract an 
infection

X
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HIV
AIDS

Breast 
Cancer

HAI
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Accounts for an additional ~$147 Billion 
in health care costs in the United States
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Cleaner environment >90% Reduction

Lower RISK of infection

Fewer infections > 50 % Reduction

Better outcomes & lower costs
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Solutions for Clean Hospital Environments

• Hand Hygiene

• Chemical cleaners & disinfectants

• Extended Cleaning with Robots

– Ultraviolet
– Hydrogen Peroxide

• Inherently bactericidal surfaces
12
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Daily Cleaning
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Daily Cleaning
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Terminal Cleaning

Frequency, on average once 
every 5th day 
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COPPER SURFACES CAN CONTINUOUSLY ENHANCE PATIENT

SAFETY When We Clean
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How Well We Clean?

http://journals.cambridge.org/abstract_S0195941700027077

High Risk Objects (HRO)
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MICROBES UBIQUITOUSLY ATTACH

BIOFILMS ARE THE CONSEQUENCE

18
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MICROBES UBIQUITOUSLY ATTACH

BIOFILMS ARE THE CONSEQUENCE

EVEN THE ‘SAFE OBJECTS’ ARE NOT IMMUNE !
19
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CONSIDER THE PATH OF MICROBES
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17,336
3,579

9,244

4,501

688

When we look, the risk is omnipresent!

250/100cm2 < Benign
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Risk is omnipresent, despite cleaning

Benign

DANGER
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RISK IS CLUSTERED
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Burden Matters! There was a significant association between burden and 
HAI risk (p=0.038) with 89% of HAI occurring among patients cared for in 
a room with a burden >500 cfu/600cm2.

CUMULATIVE BACTERIA RESIDENT ON THE 6 OBJECTS

83 patients
88 patients

79 patients

83 patients
Burden data was available for 333 patients
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AN OPPORTUNITY AFFORDED BY

ANTIMICROBIAL COPPER TO HEALTH

CARE

PART 2
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HUMANS HAVE BENEFITED FROM COPPER SINCE

ANCIENT TIMES
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BUT THEN… HUMANS APPRECIATED THAT COPPER HAD

REMARKABLE, ANTIMICROBIAL, PROPERTIES
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CONTACT WITH COPPER RESULTS IN RAPID DEATH

FROM MULTI-COMPONENT MECHANISM

DNA (SYTO9)Respiration (CTC)

Stainless Steel
4 hours

Copper
10 minutes 

Collapsed membrane potential Destruction of nucleic acid as 
a consequence of free radical 
production 
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CLINICAL OPPORTUNITY COPPER

AFFORDS HEALTHCARE

PART 3
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Our opportunity as Reality
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Our opportunity as Reality
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DOES IT IMPROVE

CLEANLINESS?

34
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6,474
366

Burden Significantly Lower with Copper

35

© 2016 Medical University of South Carolina

Risk was Significantly Lower with Copper

Copper continuously lowered risk

36
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RISK WAS CONSISTENTLY LOWER WITH COPPER

*

N=1021
21 months
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COPPER MINIMIZES RISK
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DOES IT IMPROVE
CLEANLINESS?

YES, IN A HOSPITAL SETTING

WHAT ABOUT IN

OUT PATIENT SURGERY
CENTERS?
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Mean Concentration- Columns
Median Concentration Triangles  

*
*

* *

*

COPPER WAS EFFECTIVE AT CONTROLLING BURDEN

WITHIN AN OUT PATIENT SURGERY CENTER
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COPPER WAS EFFECTIVE AT CONTROLLING BURDEN WITHIN AN

OUT PATIENT SURGERY CENTER
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COULD SOMETHING SO SIMPLE LIKE THIS WORK?
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MEDICAL UNIVERSITY OF SOUTH CAROLINA, 
MEMORIAL SLOAN KETTERING CANCER CENTER

RALPH H JOHNSON VA MEDICAL CENTER
COPPER DEVELOPMENT ASSOCIATION
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YES, 
COPPER SURFACES SIGNIFICANTLY REDUCED

HAI

HAI 8.43% HAI  3.4 %*58.1% Lower

45
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COPPER SURFACES SIGNIFICANTLY REDUCED

HAI

HAI 8.43% HAI  3.4 %*58.1% Lower

Prevented 16 Infections 
Conservative Savings of 
$768K and 301 days of 
Hospitalization

46
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-CONCLUSIONS-
Copper continuously complements cleaning 
controlling the bacterial burden within the built 
environment resulting in improved patient 
outcomes
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CONTINUOUS ACTION OF COPPER

PLACEMENT OF COPPER COMPONENTS

FACILITATES THE ACHIEVEMENT OF

TERMINAL CLEANING STANDARDS ON A

CONTINUOUS BASIS
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PART 4:  WHAT WILL IT SAVE?
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Costs of an HAI AHA Statistics:
• 5,686 Registered Hospitals in U.S.

• 914,513 U.S. Hospital Beds.

• Average size hospital =160 Beds
CDC reports:

• 2,000,000 Healthcare Associated Infections (HAI’s) per year.

• 100,000 Deaths per year from HAIs

• ~2 infections/bed ~One person dies per 20 HAIs

AHRQ Reports HAIs results in:
• Additional patient hospital stay of 19.2 days

• Increase in-Hospital Mortality by 600%

• Increase average hospital charges by $43,000

US Army Medical Research and 
Materiel Command.  Telemedicine & 
Advanced Technology Research 
Center (TATRC)

DOD Clinical Trials conclude that copper:
• Reduces Bacterial Contamination by ~ 90% Reduces HAIs > 50%
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IMPACT OF HAI

Agency for Healthcare Research and Quality   August 2010.  Adult Hospital Stays with Infections due to Medical Care.  HCUP (Healthcare Cost and Utilization Project) 
statistical brief #94; Martin, J.  2011.  Pennsylvania Health Care Cost Containment Council, February 2011.  
(http://www.phc4.org/reports/hai/09/docs/hai2009report.pdf)

Average LOS 
Length of Stay

Without HAI 5.2 days

With HAI 24.4 days

Infections add: +19 days

51
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Agency for Healthcare Research and Quality   August 2010.  Adult Hospital Stays with Infections due to Medical Care.  HCUP (Healthcare Cost and Utilization Project) 
statistical brief #94; Martin, J.  2011.  Pennsylvania Health Care Cost Containment Council, February 2011.  
(http://www.phc4.org/reports/hai/09/docs/hai2009report.pdf)

Average LOS 
Length of Stay

% In-Hospital 
Mortality

Without HAI 5.2 days 1.5%

With HAI 24.4 days 9.0%

Infections add: +19 days ~ 6X risk

IMPACT OF HAI

52



11/8/2016

27

© 2016 Medical University of South Carolina

Agency for Healthcare Research and Quality   August 2010.  Adult Hospital Stays with Infections due to Medical Care.  HCUP (Healthcare Cost and Utilization Project) 
statistical brief #94; Martin, J.  2011.  Pennsylvania Health Care Cost Containment Council, February 2011.  
(http://www.phc4.org/reports/hai/09/docs/hai2009report.pdf)

Average LOS 
Length of Stay

% In-Hospital 
Mortality

Average Charge

Without HAI 5.2 days 1.5% $9,377

With HAI 24.4 days 9.0% $52,096

Infections add: +19 days ~ 6X risk +$43,000

IMPACT OF HAI
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Agency for Healthcare Research and Quality   August 2010.  Adult Hospital Stays with Infections due to Medical Care.  HCUP (Healthcare Cost and Utilization Project) 
statistical brief #94; Martin, J.  2011.  Pennsylvania Health Care Cost Containment Council, February 2011.  
(http://www.phc4.org/reports/hai/09/docs/hai2009report.pdf)

Average LOS 
Length of Stay

% In-Hospital 
Mortality

Average Charge Re-admission in 
30 days

Without HAI 5.2 days 1.5% $9,377 16.3%

With HAI 24.4 days 9.0% $52,096 40.7%

Infections add: +19 days ~ 6X risk +$43,000 +2.5x risk

IMPACT OF HAI
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What if… 
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Today…
• Using the CMS model

– An investment of $6.52/patient* will yield 
$13,052 /per patient!
1. Assume it will cost $3,000 to outfit the 

room with 10 copper objects
2. Use 23 rooms as the number of rooms for 

the ICU, $69,000 capital cost
3. Assume average length of stay of 4 days/or 

92 patients per room/per year
– *$6.52/patient, assuming 5yr placement

4. Assume a -58% reduction to infections

• Model predicts an ANNUAL SAVINGS of 
$6,005,704 per year from 23 rooms 
from one time investment of $69K!  ~ 
87 x ROI/yr

 Replacement Rails
 IV Pole/Infusion Stand
 Overbed table
 Keyboard
 Computer mouse
 Sink
 Faucet
 Door lever
 Light Switches
 Cabinet pulls

56
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Today…
• Using the CMS model

– An investment of $6.52/patient* will yield 
$13,052 /per patient!
1. Assume it will cost $3,000 to outfit the 

room with 10 copper objects
2. Use 23 rooms as the number of rooms for 

the ICU, $69,000 capital cost
3. Assume average length of stay of 4 days/or 

92 patients per room/per year
– *$6.52/patient, assuming 5yr placement

4. Assume a -58% reduction to infections

• Model predicts an ANNUAL SAVINGS of 
$6,005,704 per year from 23 rooms 
from one time investment of $69K!  ~ 
87 x ROI/yr

 Replacement Rails
 IV Pole/Infusion Stand
 Overbed table
 Keyboard
 Computer mouse
 Sink
 Faucet
 Door lever
 Light Switches
 Cabinet pulls
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Infection – Cost Model - Savings
Average Size Hospital 

Number of beds 160
Number of HAI per bed 2
Number of HAI each year 320
Cost of HAIs each year $15 million*

Annual Savings* @ $43,000/HAI
With Copper Surfaces in Room: Average Size Hospital

# HAIs saved 185
$ saved $7.9 million

If @$29,000/HAI*
Average Size 

Hospital
185

$5.4 million
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Potential Savings from Copper Surfaces
Hospital Savings of $5.4 - $7.9 MM per year

– Savings are Above and Beyond* Current Proactive Measures!

 Single Patient Rooms
 Prominently located sinks and alcohol hand hygiene dispensers
 Hand washing compliance programs
 Regular cleaning of surfaces
 Bundles for controlling infections (e.g., CLABSI, CAUTI) 

*Each of these measures were instituted prior to DOD trial 
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-CONCLUSIONS-

Copper continuously complements cleaning 
controlling the bacterial burden within the built 
environment resulting in improved patient 
outcomes
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Cleaner environment >90% Reduction

Lower RISK of infection

Fewer infections > 50 % Reduction

Better outcomes & lower costs
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SUMMARY

1. BUILT ENVIRONMENT REPRESENTS A CLEAR AND
PRESENT DANGER TO PATIENT CARE

2. COPPER ALLOYSWERE FOUNDTO SUSTAINTHE
LEVELS ACHIEVED FROM TERMINAL CLEANING

3. COPPER ALLOYS CONTINUOUSLY SUSTAIN THE
TERMINAL CLEANING STANDARD WITHIN VACANT
ROOMS
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CONCLUSION

PLACEMENT OF COPPER COMPONENTS

FACILITATES THE ACHIEVEMENT OF

TERMINAL CLEANING STANDARDS ON A

CONTINUOUS BASIS
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BLUF

PLACEMENT OF COPPER COMPONENTS

FACILITATES THE ACHIEVEMENT OF

TERMINAL CLEANING STANDARDS ON A

CONTINUOUS BASIS
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ONE OUT OF MANY

HEALTHCARE ASSOCIATED INFECTIONS
65
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Department of the Army position 66



11/8/2016

34

© 2016 Medical University of South Carolina 67


