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SUMMARY

The antimicrobial properties of copper have been demonstrated in laboratory
investigations. In this study the role of copper in reducing environmental
microbial contamination in a busy clinical environment was evaluated. A
clinical study which involved a cross-over decision compared three items
made from copperto standard clinical NHS items. These included a push
plate on a door,a toilet seat and a hot and cold water tap attached to a hand
wash basin. The study was designed to assessthe efficacy of the copper
containing items in reducing environmental microbial contamination. It was
clearly demonstrated that the copper had thefacility, even in a busyclinical
environment to reduce surface microbial contamination. This could have
implications for the prevention of spread ofinfection in the clinical area.

The opinion of both staff and patients regarding the use of the copperitems
and application was also determined by questionnaire. The results
demonstrated that both staff and patients noticed a difference between the
copper containing items as compared to standard hospital equipment.
However, within two months they treated the copper containing items no
differently from the standard equipment. This suggested that the view point
of both staff and patients when the study was carried out should not have
interfered or influenced the study or the results.

The final section of this study was a laboratory investigation into the
antimicrobial activity of copper against staphylococci. Various laboratory
methods were used to assess the antimicrobial activity of the copper and in
particular to answer the question whether or not copper resistant
microorganisms were appearing in a clinical environment during the clinical
trial. The results demonstrated that copper resistant microorganismsdid not
emerge during the study.

A more comprehensive copper study has been designedto evaluate further
the antimicrobial activity of copperin fifteen different items held commonly in
hospitals. An outline of this study has been givenwith this thesis.



DEDICATION

For my Daughter

Georgia



ACKNOWLEDGEMENTS

For the endless support and guidance that | have received throughout my
studies | would especially like to thank Professor Tom Elliott. An additional
thank you goes to Professor Peter Lambert for his supervision and
enormous enthusiasm. Without the both of them this study would not have
been possible.

| would also like to thank Dr Anna Casey and Dr Tarja Karpanenfor all the
support during mystudiesit is very much appreciated.

For the support of the Patients, Nursing and Domestic Staff on Ward B4at
Selly Oak Hospital.

Thank you to my Mom Carol for endless childminding of my daughter
Georgia to enable me to complete mystudies.

Thank you to Rosanna Penn memberof the Patient and Carer Council forall
the time she dedicated to helping with the completion of the questionnaires.

| would like to thank the following companies for manufacturing the copper
items that made this study possible: Mercury Composite Technologies LLC
(CA, USA), Avilion Ltd (Birmingham Uk) and Aalco Ltd (Birmingham, UK) for
supplying the copper containing toilet seats, taps and push plates,
respectively. | would also like to thank the Estates staff at UHB for
installation of products. | would also like to thank Angela Vessey, Mark Tur
and Ken Kempsonof the Copper Development Association for expert advice
on the supply and composition of the study.

A final thank you to Lucia Sharpe and Jane Rochefor keeping me sane and
organising me throughout the duration of my studies.



PUBLICATIONS

Casey AL, Adams D, Karpanen TJ Lambert PA, Cookson BD, Nightingale
P, MiruszenkoL, Elliott TSJ, Shillam, R, Christian. Role of copper in reducing
hospital environment contamination, Journal of Hospital Infection (2010) 74, 72 — 77
(Appendix 2)

Poster Presentations

Karpanen TJ, Casey AL, Lambert PA, Cookson BD, Nightingale P,
Miruszenko L, Elliott TSJ,. An evaluation of the antimicrobial properties of
healthcare fomites (furnishing and equipment) made of copper alloys
(Appendix 3).

Casey AL, Lambert PA, , Miruszenko L, Elliott TSJ, Copper for preventing
microbial environmental contamination (Appendix 3).



LIST OF CONTENTS

CHAPTER1 INTRODUCTION

1.1, Healthcare ASSOCIRIEd INTOCLIONS .......< 0... ..ccecccccsccesercans

1.2 Prevention of Healthcare Associated Infection ..................

Thenaiopensom

1.4 Environmental Microbial Contamination..................ce.eeeee

1.5 Methods of Prevention of Health Care Associated.............

Infections

1.6 Environmental Surface Contamination .................0.ceeeeeee

1.7 Antimicrobial Environmental Surfaces .................ccceeeeeees

CHAPTER2 CLINICAL TRIAL METHODS

By TICartOGG outs ieessease,
eeeseeiosee
BodGre,eeeea
2.4 Sampling Protocol — Time of Sampling ................seceeeeeees
Bred MeOUONGes casas isis ip ae ce sp enn eck ueraveieieeey ia:
Weeaaceee
BhRNasinieveie,
PAoi 1912854)§(0:161g)6,SRSeeee
pide Boyettaiotc) 10CUgU2AceeaRRORT oe CAP

CHAPTER3 CLINICAL TRIAL ON COPPER WARD RESULTS

ad MMOiawiele cieleneedunes cider
DineenaCAL AVOID force) i fiers ise srcdt eee oes
Fe NES lkieteass ay acs av avsnner
etEG FrUOaie aerigru ecu iyiieCavis Wao tie
Sone POPECEOT MOISooo,okt ic cn esinv ans ead ees uivri ibs
oe Ce? USCMOUOICY |OBNNG. .ccscccc sss. cexvarevesssaiseiivssssets
Oe UTTIAEY OF ROoooioe occa cos bcs caus sila ioatcs<casevceseste

CHAPTER4 VIEW POINTS OF PATIENTS AND NURSES

OOiaea.
Mmerickitis
4.3 Appearance of Copper Containing Items....................c.0eees
BA Ber one VisiOUSSIONNANG@)4060000
Me PRTOTsoooc coc cccc cocsessaseccunaceudcsbicciccsoses

ioeevn ccctaccsssctsicsecas

CHAPTER5 DISCUSSION

5.1 Hospital Acquired Infections Acquisition and Prevention......
WeeCToricevenus nsuvcsceceesuiciss
ek CEfoarteieee ci is cpa seis) ncsochencciss
BeeNeiereiey ss osees on

6

13
14
16

19
23

26
27
30
35
37
37
38
38
40

41
41
42
42
43
46
47

49
49
50
50
51
58

59
60
62
65



iioSoy cdisusarisedeieti 67

PReeAcoy et eoieeieee 70

onitake saansuensee peas) idsneadae 82



CHAPTER1 INTRODUCTION

1.1 Healthcare Associated Infections

Healthcare associated infections (HCAI) cause significant morbidity

and mortality in patients, both in the community as well as in the

hospital setting. Approximately 300,000 HCAIoccur in England per

year, accounting for nearly 5,000 deaths (Taylor et al, 2002).

Healthcare associated infections in the UK cost the National Health

Service approximately one billion pounds each year adding

significantly to health costs. Between 15 to 30% of all HCAI are

considered to be preventable by the application of strict compliance

to national infection prevention and control policies and procedures.

Despite the wide availability in the UK of defined policies and

associated procedures related to many aspects of infection

prevention, at any one time, overall 9% of in-patients in hospitals

have a HCAI (Taylor et a/., 2002). Similarly, the Centre for Disease

Control and Prevention has estimated that between 5 to 10%of

hospitalised patients acquire a HCAI in the United States. This

equates to approximately two million healthcare associated

infections which are associated with nearly 100,000 deaths each

year (Klevenset al., 2007).



i2 Prevention of Healthcare Associated Infection

There are various risk strategies associated with the acquisition

and development of HCAI. Indeed it is now well recognised that

there are a number of factors which contribute to the risk of a

patient acquiring a HCAI. Theseinclude the level of complexity of

medical procedures,the invasive nature of treatment which patients

receive, the increasing age of patients now being treated and also

their degree of immunosuppression.

For example, those patients on Intensive Care Units are more

susceptible to acquiring HCAI due to the number of invasive

techniques used in their care which include the use of indwelling

intravascular catheters, urinary catheters and tracheal ventilation

systems. All these devices allow microorganisms more ready

access into the body. The devices can also subsequently become

colonised with microorganisms which subsequently allow an

infection to develop. When theseinfections develop in this group of

patients they can result in more serious complications due to their

underlying comorbidity (Saint et /., 2002., Yokoe et al., 2008).

Reducing the incidence of HCAI has become a priority for

healthcare providers. This has stimulated the recording of detailed

rates of certain infections in hospitals in the UK and also the USA.

In the UK monitoring of HCAI is now standard practice and includes

determination and notification by all Hospital Trusts of all cases of
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infections such as meticillin resistant Staphylococcus aureus

(MRSA) bacteraemia and the numberof patients with Clostridium

difficile which are acquired within hospital. In addition, other

infections are now being monitored by many hospitals including

surgical site infections (National Institute for Health and Clinical

Excellenceclinical guideline 74, 2008).

The main types of Healthcare Acquired Infections in terms of site

infection is shownin figure 1.1.

10



Figure 1.1 The main types of Healthcare Acquired Infections

Prevalence of Health Care Associated Infections in the UK

(Smyth et al., 2006)
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As shown in figure 1.1 urinary tract infections are the most

prevalent infection; followed by surgical site infections and then

pneumonia. Blood stream infections, although only accounting for

7% of all infections, have the highest associated mortality,

Emmersonetal. (1996). Similar trends have been shownin other

studies for example Emmersoneta/. (1996) demonstrated that the

commonestinfections acquired by patients in hospitals were urinary

tract (23.2%) followed by lowerrespiratory tract infections (22.9%),

with surgical woundinfections, accounting for 10.7%.

Urinary tract infections are the commonest HCAI’s. This is because

they are related to the clinical practice of urethral catheterisation

which is a common procedure used for many patients. The

presence of a urethral catheter allows microorganisms direct

access to the urinary bladder via the catheter tubing.

Microorganismsin the periurethral area in both males and females

can colonise the external surface of the catheter and progress via

the urethra into the urinary bladder resulting in infection. Another

mechanism by which microorganisms can gain access to the

urinary bladder in the presence of a catheter is when a closed

drainage system is opened. This occurs for example when the

urinary drainage bags are emptied. In this procedure organisms

may gain accessto the internal surface of a urinary catheter and

again allow microorganisms to migrate upwards against the flow of

urine resulting finally in contamination, colonisation and infection in

the urinary bladder.
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1.3

Regarding the relatively high prevalence of lower respiratory tract

infections these are commonly associated with patients who have a

endotracheal tube in situ. The presence of this tube allows

microorganisms direct access from the patients upper respiratory

tract flora to the lower respiratory tract including the bronchi and

alveoli. The presence of the tracheal tube allows microorganisms

to migrate downwardsinto the alveoli of the patients lungs and

avoids the preventative mechanismsof the bodies defences which

include cilia and the presence of macrophages.

Surgical site infections can occur in approximately five percent of

patients. Rates of surgical site infections can range from 0.5 to 7.5

infections per 1000 post operative days with rates being highestin

surgical procedures wherethelikelihood of microbial contamination

at the surgical site is high for example with large bowel surgery

(Surveillance of Health Care associated infections report HPA,

2008).

Sourcesof Infection

Infections can arise from two major sources. They can either be

endogenous, which is from the patient's own microbial flora,

including gastrointestinal carriage, skin commensals and the oral

cavity. Alternatively, they can arise from exogenous sources such

as health care workers or from the surfaces of fomites, including
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1.4

tables, bedside lockers and ward equipment. The microorganisms

from either the patients’ own endogenous flora or from the

environment can be transmitted via several routes. These include

healthcare workers and in particular hand carriage such as from a

doctor or nurse to a patient. Alternatively, microorganisms can be

sourced directly from the patient's own endogenous source. For

example, commensals present on a patient's skin can directly

contaminate a surgical operative site which may result in the

developmentof a surgical site infection. Surgical site infections can

be sub-divided and related to surgery and the type of operative

procedure. Surgery is referred to as “clean surgery”if the operative

procedure does notinvolve anyinternal organs of the body, which

may contain microorganisms such as the large intestine. In

comparison, operative procedures involving heavily colonised sites

such as the large intestine are referred to as clean contaminated

surgery. The numbers of patients who undergo clean contaminated

surgery and who subsequently develop sepsis are higher as

compared to proceduresinvolving just clean surgery as indicated in

the previous section.

Environmental Microbial Contamination

Environmental contamination can occur from many sources. It can

be derived either from healthcare personnel or patients or can be

from other vehicles such as air and water. Water contamination

includes microorganisms such as Legionella pneumophila which

14



can cause legionnaires disease. Other water borne diseases which

can occur in the community, include Giardiasis and even

salmonella. Air contamination can result in the spread of various

microorganisms, for example Aspergillus fumigatus. This fungus

produces spores which can becomeairborne and patients can

becomeinfected following inhalation of the spores into the alveoli in

the lungs. These spores, particularly in immunocompromised

patients can germinate and the resulting hyphae can cause a

pneumonitis, inflammation in the lungs and infection namely

pneumonia. Environmental contamination can also result in

outbreaks of infection with many patients acquiring an infection

from a point source. For example, C.difficile can be spread from

an infected patient, to other patients via contamination of the

environment, and in particular from commodes and toilets. The

Care Quality Commission (CQC) published a report in 2007

following an investigation into outbreaks of C.difficile at Maidstone

and Tunbridge Wells NHS Trust. The investigation highlighted key

issues of concern in care. These included: poor cleaning of

equipmentincluding commodes,the lack of hand washing and use

of gloves and aprons. The Trust had also no clearly identified

processfor isolating patients in a timely fashion once symptoms

occurred. In addition, the Infection Control Team did not appear to

work in conjunction with other Operational Managers to support the

decision making processof the Infection Control agenda.
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1.5 Methods of Prevention of Healthcare Associated Infections

Many reports have suggested that a significant number of HCAI

can be prevented through implementation of evidence based best

practices. These practices range from implementation of strict

hand hygiene, application of aseptic techniques to appropriate

procedures and the use of novel technologies, such as

antimicrobial intravascular catheters. A numberof improvements to

enhance further prevention of infection have resulted in several

practices being put togetherin a “care bundle”. The Departmentof

Health launched a delivery program called Saving Lives in June

2005. This programme provided the tools regarding infection

prevention for all acute hospitals in England. Implementing the

Codeof Practice for Prevention and Control of HCA’s (Health Care

Act, 2006)is a legal requirement for acute hospitals and other care

providers. The code of practice states that “effective prevention

and control of HCAI has to be embedded into everyday practice

and applied consistently to everyone”. The Saving Lives

programmeprovidestools and resourcesforall hospitals to achieve

this.

The Saving Lives delivery programme provides a framework for

hospitals to reduce HCAI but also highlights specific targets, for

example a reduction in MRSA bacteraemias by 50%. The tool

enables hospitals to have a comprehensive and prioritised action
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plan that incorporates national guidance and allows the application

and demonstration of good practice.

An example of such an approachis highlighted in a recent review

by Marschall et a/. (2008) where it was applied to the prevention of

intravascular catheter related sepsis.

Marschall and colleagues (2008) describe various strategies to

prevent central line associated blood stream infections in patients

cared for in acute care hospitals. A rationale for selection of

independent risk factors associated with these infections was

presented. This included factors such as prolonged hospitalisation

before catheterisation and prolonged duration of intravascular

catheterisation. The authors then outlined detailed strategies to

detect and also prevent these infections. Importantly they gave

clear guidance of what practices should be included in what they

refer to as a prevention bundle. The best practices were divided

into components which needed to be considered before insertion of

the catheter, at insertion and finally post insertion. The authors

clearly identified which precautions should be applied to the patient

including the appropriate application of skin antisepsis and that

devices should be handledatall times using sterile precautions.

The authors also identify other factors associated with the

increased risk of these infections including, not only prolonged

hospitalisation and increased duration of catheterisation, but also
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microbial colonisation at the skin catheter insertion site and the use

of the internal jugular vein. The strategies to prevent these

infections involve the application of existing defined guidelines, with

an established appropriate managementinfrastructure to allow the

training and implementation of such approaches. This approach

included adequate staff education, having supportive information

technology to collect and collate numbers of infections and having

appropriate laboratory support for the timely processing of

specimens and production of results. Practical implementation

included the education of nurses, doctors and other healthcare

personnel. The development and implementation of a checklist

was also deemed as being essential together with having all the

appropriate equipment available for catheter insertion and

subsequent care. Importantly, the authors identify key basic

practices for prevention of these infections both at the skin insertion

site and the requirement for subsequent care. These include

appropriate hand hygiene with the use of antiseptic soap and water

or an alcohol based product and the use of gloves. The application

of sterile barrier precautions was also highlighted and these include

the use of a chlorhexidine based antiseptic for skin preparation.

This latter approach with improved skin antisepsis wasaninitiative

to try and eliminate the endogenoussource of microorganisms from

the patients own skin flora as well as the exogenous source from

the attending health care professional both of which may

subsequently result in infection.
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1.6

The use of antiseptic or antimicrobial impregnated intravascular

catheters as a preventative measure for catheter related sepsis is

another more recent innovation. These antimicrobial devices have

clearly resulted in a reduction in catheter associated bacteraemias

and their use is now being recommendedforhigh risk patients such

as those who have catheters inserted when strict aseptic

precautions cannot be applied, as in the emergency room; for

patients who have recurrent intravascular catheter related sepsis

and for patients who may have a prosthetic device presentin their

body such as a hip, knee or heart valve (Caseyet al., 2008).

Environmental Surface Contamination

The environment is also an important consideration in terms of the

prevention of HCAI. Despite, the lack of direct evidence to

demonstrate that environmental contaminants are responsible for

HCAI there is some evidence that suggests that the environment

may act as a reservoir for some of the pathogens which cause

these infections (Aygun etal., 2002). It is likely that if a healthcare

worker or patient touches a surface which is contaminated with

microorganisms, this may lead to the acquisition of these

microorganisms onto the hand andfacilitate subsequent transfer to

other objects, patients or other healthcare workers (Boyce et

al.,1997). This wasillustrated in the nosocomial transmission of

vancomycin-resistant enterococci from surfaces (Ray et a/., 2002).
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More recently a framework for determining cleanliness of surfaces

in the NHS has been developed and is primarily based on visual

assessment (NHS National Patient Safety Agency, 2001). This

follows from the Infection Control Nurses Association collaborative

work with the Association of Domestic Managers who developed a

set of National Cleaning Standards (ICNA and Association of

Domestic Management, 1999). There have been many other

initiatives which have attempted to improve environmental

cleanliness. For example, in July 2000, as part of the NHSplan,

the Department of Health proposed plans for investment and

reform, and the Health Minister at this time, Lord Hunt, launched a

new NHShospital clean-upinitiative (Department of Health 2000).

This was designed to improve hospital cleanliness and improve the

patient experience in our hospitals. More recently the Deep Clean

Programme was announced in September 2007. The Government

invested £57m to ensure hospitals assessed their current

environments. Hospitals had to implement robust cleaning

schedules. The Deep Clean Programmesare available to the

public and monitored annually by The Care Quality Commission

(CQC).

The Care Quality Commission (CQC) is the independent regulator

of health and social care in England and began operating on 1“

April 2009. The CQC aim to make sure improved care is provided

for every patient, whetherit is hospital or the community. The CQC

have a range of legal powers and duties to ensure care providers
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meet the essential standards of quality and safety. If hospitals

drop below essential standards and patients safety are at risk they

can enforce fines and public warnings and if necessary close down

of services. Included in these inspections are assessment of the

environmental contamination and cleanliness. Unfortunately, the

measureof cleanliness has been shownto bea relatively unreliable

indicator of cleaning efficacy (Malik et a/., 2003).

It is also recognised that some microorganismsincluding bacteria,

viruses and fungi, can persist in the environment for extended

durations, even following extensive cleaning (Blythe et al., 1998).

This is of particular concern asit clearly demonstrates that, even

with active cleaning programmesusing defined cleaning schedules,

environmental contamination with microorganism may still occur

which is unacceptable.

There are no standards currently for acceptable environmental

microbial loads in hospitals. However, Dancer et al. (2004)

suggested actual values for the numbers of microorganisms on

hand touch sites in the healthcare setting. This follows what has

been applied for several years in food preparation areas. For

example, the US Department of Agriculture, Guidelines for

reviewing microbiological control and monitoring programmes,(part

8.55, attachment 2, Meat and poultry inspection manual,

Washington DC: US Departmentof Agriculture 1994) has proposed

that an acceptable numberfor aerobic bacteria should be less than
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five colony forming units per square centimetre surface. Dancer

(2004) has also suggested that the absence of certain indicator

pathogens including Staphylococcus aureus, Clostridium difficile

and Gram-negative bacilli should be considered.

Not only should the cleaning and decontamination of the

environment be considered, but the design and use of materials for

the healthcare facility should be taken into account. More recently,

these factors have been consideredin Infection Control in the Built

Environment, Design and Planning by NHS Estates, 2002. In this

report on the design and planning of healthcare facilities, finishes,

fixtures andfittings, walls and ceilings were all reviewed in termsof

materials to select and the type of finish which would be desirable.

For example,in this review it was recommended that materials and

finishes should be selected to minimise maintenance and should be

chosen with cleaning in mind especially where contamination with

blood or body fluids is as possibility. It was recommended that

surfaces should be smooth, non-porous and water resistant.

Design should also ensure that the surfaces are easily accessible,

would not be physically affected by detergents nor disinfectant and

will allow rapid drying to occur. Walls similarly should be free from

open joints and crevices that may permit retention of

microorganisms and that they should be sealed to stop entry of

contamination from ducts and other associated areas.

Interestingly, the authors recommend that fixtures and fittings
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should be accessible for cleaning and thatif they are not cleaned

on a regularbasis, they may be a potential reservoir of infection.

It should also be taken into account that equipmentthatis in direct

contact with patients has been implicated in the outbreaks of

infections (Irwin et al., 1980). An outbreak of Acinetobacterinfection

for example was associated with the use of a ventilator spirometer,

(Irwin et al/., 1980).

7, Antimicrobial Environmental Surfaces

The quality of finishes in all health care environments should ideally

be of a high standard in that they should be smooth, easily cleaned

and appropriately water resistant. Advice on the use of

antimicrobial surfaces was however not considered by the NHS

Estates report (2002). If cleaning schedules are unable to achieve

a level of cleanliness which need to be applied in the healthcare

setting, other approaches besides cleaning deserve consideration.

Use of chemical decontamination has been attempted and has

been shownto be successfulin different studies. For example

hydrogen peroxide vapour has been used for decontamination.

French (2004) demonstrated that hydrogen peroxide vapour was

more efficacious than conventional terminal cleaning and

suggested that this should be considered for the decontamination

of the hospital environment whenoutbreaks involving MRSAoccur.
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Other approaches haveincluded the use of antimicrobial materials

for surfaces which are frequently touched by health care workers.

This has included the useof silver antimicrobial technology (Taylor

et al., 2009). In this study they demonstrated that when surfacesin

the ward area are coated with silver, there was an associated

reduction in the numbers of microorganisms on the surfaces.

More recently copper metal has been shown to inhibit and kill a

wide range of microorganismsin in-vitro experiments (Noyce etal.,

2006). In these studies, it was demonstrated that when Escherichia

coli, MRSA, Listeria monocytogenes, Influenza A virus and

Clostridium difficile were applied to the surface of a range of copper

alloys, there was a significant reduction in the numbers of

microorganisms which could be recovered. This antimicrobial

activity was demonstrated to occur within hours of applying these

microorganismsto the copperalloy surfaces.

It is therefore possible that copper surfacesif applied to the clinical

environment, may result in a decrease in the numbers of

microorganisms contaminating the environment. A preliminary

study suggested this was indeed a possibility (Sasaharat et al.,

2007). In this study, copper was used for various fomites in the

Clinical setting and a reduction in the numbers of microorganisms

on surfaces over a period of time was demonstrated. The study

was, however uncontrolled, it was not undertaken in a hospital
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setting and therefore comparison to standard hospital equipment

could not be made.

In this current study, the application of various alloys of copper as

antimicrobial touch surfaces to reduce microbial environmental

contamination was determined in a clinical setting. Preliminary

investigations in terms of in-vitro activity of the various alloys

containing copper were carried out. Hospital environmental

equipment was subsequently fabricated with these alloys

containing copper which were then put in place on a busy medical

ward. The study was designed as a cross-over to allow

comparison to standard NHS hospital equipment and to determine

the numbers of microorganisms on each of these surfaces perunit

surface area. The presence or absenceofindicator microorganisms

including MRSA,C. difficile and VRE were also investigated. The

hypothesis which was tested was that, based on previous in-vitro

investigations, the application of copper to the clinical environment

results in reduced microbial contamination compared to standard

surfaces, even whenstrict cleaning schedules were putin place.
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CHAPTER2 CLINICAL TRIAL

Introduction and Methods

In this chapter the protocol used to determine the antimicrobial

activity of various fomites made of copper in the clinical

environment is described. Such a clinical study has not been

previously undertaken and it was therefore important to consider

carefully an appropriate control. To achieve this a cross-over study

wasdesignedin which items on one medical ward were changedto

copper and compared to standard equipment. After a period of

time the items were then switched over. This overcame potential

bias from factors including,utilisation related to appearance. In this

chapter the clinical protocol which was used for evaluating three

items, a toilet seat, door push plate and sink taps is described in

detail. The sampling protocol and microbiological methods used are

also subsequently presented.
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2.2 Clinical protocol

Three copper containing items were selected for evaluation. These

were selected based on what wasconsidered to be potentially the

highest risk of microbial contamination on a busy medical ward at

Selly Oak Hospital, Birmingham. The items included a toilet seat

which was coated with a pure copper/ resin composite containing a

final concentration of 70% copper; a set of brass taps which

contained 60% copper, and a brass door push plate containing

70% copper.

The supply of the copperfittings was facilitated by the Copper

Development Association (CDA) andall fitting of appliances was

undertaken by the Trust’s Estates Department. All the copper

items were installed on the ward at least 6 months prior to

commencementof the study.

The surfaces of the copper items were sampled for microbial

contamination and compared against equivalent standard NHS

items fabricated from plastic (toilet seat), chrome plated brass

(taps) and aluminium (push plates). In an attempt to overcome bias

from the different appearances of the items they wereall installed

at least 6 months prior to commencing the study. This permitted
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health care workers, domestic staff and also clinical staff to become

accustomed to the appearance of the copper containing fixtures

and to treat them in a similar manner to the standard materials.

This aspect of the study was evaluated in a summary described

later. Each copper containing item was compared with a standard

non copper containing item which was considered at that time to

have an equal opportunity for frequency of use. A detailed plan of

the ward is shownin Figure 2.1 and showsthe location of the test

copperitems and control items.

Other copperfittings which were examined in a follow up study

included door handles, grab rails, light switches, light pull cords,

plug sockets, sink waste fittings, toilet system levers, commode

seats and arm rest, over bed tables and dressing trolleys (see

Appendix 1).
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2.3

From this detailed plan (Figure 2.1) the location of the toilets is shown on WC1

to WC5. The location of the wash basins are WHB1 to WHB15. The copper

toilet seat wasinitially located as position WC4 and the control WC5. The

copper taps wereinitially located at position WHB7 and the control taps at

WHB8. The copper push plate was on the doorlocated at the main entrance

to the ward. The control push plate was on the entrance to an adjacent

medical ward which was used at a similar rate to the test ward. The copper

control items were switched over after 5 weeks of the study. This completed

the first part of the study.

Cleaning

Prior to commencement of the study domestic staff were instructed on the

standard cleaning procedures to ensure that they were fully conversant with

whattheir job expectation was, similarly nursing staff were reminded of their

shared responsibility. The outline of cleaning schedule used on Ward B4(test

ward) at Selly Oak Hospital is outlined in Figure 2.2.

The equipment areas and associated responsibilities of different staff groups

are shown. The frequency of cleaning and type of cleaning is outlined.
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The domestic staff followed the standard ward cleaning time table as shownin

Figure 2.2. During the study period the disinfectant Chlor-clean, which

contains sodium dichloroisocyanurate with 1000ppm available chlorine and

detergent Johnson Diversey General Detergents Pre-measured were used for

both copper and non-coppercontaining items using defined protocols. This

timetable was followed between the hours of 07.00 — 17.00hrs. It included

disinfection by applying Chlor-clean on both sides of the toilet seat at

approximately two hour intervals during this period. The taps and push plates

were cleaned four times during this period. Subsequent disinfection and

cleaning between the hours of 17:00 to 07:00 was on a request basis only

following any obvious visual soiling. Microfibre cloths are used to clean the

ward. These cloths are colour coded for each area; red fortoilets, blue for

main ward area, green for kitchen and yellow for any isolated infected patients.

The microfibre cloths are cleaned at 60 degrees after each cycle of cleaning.

The disinfectant and detergent was madeupfresh daily and applied with new

microfibre cloths. The sameprotocol for cleaning was applied to both copper

and non coppercontaining items by the same domestic allocated to the Ward.

The same domestic worked Mondayto Friday but a different domestic worked

on a Saturday and Sunday.

The cleaning of the push plates on the entrance doors to both control andtest

ward were monitored. The investigator carried out an audit using direct

observation to ensure consistency was maintained on both doors. The

domestic staff were unaware of these checks. The checks confirmed that the
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2.4

cleaning schedule outlined above was being adhered to. The ward hadits

own domestic who worked Mondayto Friday 07:30 to 15:30 and a regular

evening cleaner would attend to ward B4. In addition, the domestic supervisor

performed weekly checks to ensure standards were being maintained. This

was a Trust wideinitiative and scored on a % basis. The ward consistently

scored between 95 — 98%. The records of these checksfurther confirmed that

the cleaning was being applied consistently and the cleaning schedules

followed.

Sampling Protocol - Time of Sampling

The surfaces of the test and control items were sampled for the presence of

any viable microorganisms. They were sampled once weekly on a Tuesday

for ten weeks at both 07.00 hours and 17.00 hours. This allowed the numbers

of microorganismspresentfollowing a relatively quiet period over night on the

ward and also following a busy period during the day to be determined. Each

item was sampled in duplicate at every time point. Adjacent areas were

selected so that no area was sampled twice in any one day. This was to

prevent bias in the sampling. To facilitate this approach a template was

designed for each item. This template involved the use of a grid and records

were kept to ensure that sampling was randomly selected and that no area

was sampled more than once onany particular day.

35



 
Figure 2.3
Templates used in swabbing surface.
Various shaped designs were employed (a,b,c) to allow access and swabbing
of a variety of surfaces (e.g. pushplates,toilet seats). See text for details.
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2.6

Methods of Sampling

For the toilet seats and door push plates, a 5cm by 5cm sterile

template was applied firmly to the surface of eachtoilet seat and door

pushplate. A sterile nasopharyngeal swab moistenedin sterile 0.9%

(w/v) saline was thenfirmly applied 15 times horizontally and a further

15 times vertically in a zig zag pattern so that the entire area was

sampled. The swabwasrotated whilst sampling. Both the upper and

undersideofthe toilet seats were sampled.

For tap handles the sterile nasopharyngeal swab moistenedin sterile

0.9% (w/v) saline wasfirmly applied 6 times horizontally and 15 times

vertically over a 5cm by 2cm area as described above. Both the hot

and cold water taps were sampled.

Each swab was immediately transferred to 3mlof sterile neutralising

broth (D/E neutralising broth, Difco, Beckton Dickenson, Franlin

Lakes, New Jersey, USA) to neutralise any further antimicrobial

activity of copper.

Neutraliser

The efficacy of the neutraliser selected for this study has been

previously evaluated both against Gram-positive and Gram-negative
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bacterial species (Wheeldonet a/., 2008). The antimicrobial activity of

copper was shownin this study to be effectively neutralised and the

neutraliser was also shown to have no adverse effects on growth of

the microorganisms. The use of a neutraliser was important to

remove any residual antimicrobial activity of copper which may have

also been collected when the swabbing of the surfaces was

performed.

Cross-over

After 5 weeks of sampling as described above, the Hospitals Facilities

Department arranged for the copper containing and non copper

containing control items on the ward to be interchanged. The reason

for this as outlined above was to further exclude any possible bias

according to either appearanceor preferential use of any item based at

that location. Prior to re starting the study following crossoverall items

were cleaned as per ward protocol. As outlined in section 2.2

Microbiological Methods

All samples were examined in the laboratory within 4 hours of taking

them, by the following methods. The neutralising broth containing the

single swabs which had been used to sample the surfaces were

vortexed for one minute. This extracted any microorganisms present

on each of the swabs whichfacilitated subsequent determination of
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the numbers present. Forthe toilet seat and push plate samples, 200

microlitres of undiluted solution and a 1 in 10 dilution were inoculated

onto a range of microbiological culture media plates giving a

theoretical lower detection limit of 6 bacteria per 10 square

centimetres of sampled surface. For the tap handle samples 300

microlitres was inoculated onto each agar plate giving a lower

detection limit of 1.0 colony-forming units per square centimetre of

sampled surface. A total aerobic microbial colony count was

determined by inoculating blood agar plates (bioMerieux, Basinstoke,

UK). In addition a numberof indicator microorganisms present on the

various samples were determined. These indicator microorganisms

included meticillin sensitive and meticillin resistant S.aureus (MRSA),

vancomycin resistant enterococci (VRE), Clostridium difficile and

coliform bacteria.

For the detection of S. aureus each solution was inoculated onto

S. aureus chromogenic agar (chromID S. aureus and chrom ID

MRSA) bio Merieux, France). For identifying the coliform bacteria

cysteine lactose electrolyte deficient agar (CLED agar bio Merieux,

France) was used and for the enterococci, bile aesculin agar (D-

coccosel agar, bio Merieux France) was used.

Each agarplate was incubated in air at 37 degrees C and examined

after 24 and 48 hours. The identity of the microorganisms was

subsequently determined using standard microbiological tests
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2.9

involving Gram staining and automated biochemical profiling using

the Vitek 2 instrument. The Vitek 2 was also used to determine the

antibiotic susceptibility of the staphylococcal isolates. The antibiotic

sensitivity of enterococcal isolates was determined using the British

Society for Antimicrobial Chemotherapydisc diffusion method (Taylor,

L et al., 2009).

C. difficile was detected using selective isolation agar (C.difficile agar;

bio Merieux, France). These plates were incubated at 37°C

anaerobically and were examined after 24 and 48 hours. Theidentity

of any presumptive C.difficile isolates was confirmed using standard

microbiological tests. Total numbers of aerobic microorganisms and

C. difficile were determined and calculated per square centimetre of

surface area of the sampled fomites.

Statistical Methods

The median total aerobic count per square centimetre for each

duplicate set was subjected to non parametric statistical analysis.
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CHAPTER3 - CLINICAL TRIAL ON COPPER WARD

RESULTS

3.1

3.2

Introduction

The numbers of microorganisms detected on either the copper or

standard items on the medical ward are presented in this chapter. In

addition the types of patients treated in the busy medical ward during

this time is presented. Finally the numbers of patients with infections

during the study period are also presented.

Utilisation of Medical Ward

The medical ward selected (B4) at Selly Oak Hospital for the study was

a general medical ward which has 19 beds. The ward as seen in

Figure 2.1 included a side room with two single beds, a side room with

one single bed and an open ward nightingale style with 16 beds. The

patients were acute medical patients who had been either admitted

from their G.P. or directly from Accident and Emergency at Selly Oak

Hospital. The patients’ conditions were reflective of an acute medical

ward and included patients with chest infections, non surgical

abdominal pain, alcoholism, cellulitis, cardiovascular disease and
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3.3

3.4

diabetes. The majority of patients were aged between 50 to 80 years

and the male to female ratio was 1:2.

Cleaning on Ward

An audit of the cleaning processduring this trial was carried out weekly

by the domestic supervisors. This was purely an observation audit and

the domestic staff were unaware of its process. It was confirmed

during this audit by direct observation that the domestics were closely

adhering to the cleaning schedule (as discussed in Chapter2).

Infected Patients

There were no outbreaks of infection during the study period. This

included evaluating for MRSA,norovirus and C.difficile. During the 10

weekperiod of study, 1 patient had pneumonia caused by Klebsiella

pneumoniae, a further patient had a urinary tract infection caused by

Klebsiella oxytoca and another had Enterobacter cloacae in their

abdominal drain fluid. Three patients had C. difficile infections and

these occurred at weeks 1, 5 and 7 of the study. In addition two

patients had S. aureus wound infections and both were meticillin

sensitive and occurred during week4 of the study.
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3.5 Microbiological Results

The median total aerobic CFU counts per square cm on both the

coppercontaining toilet seat, set of tap handles and push plates and

their control equivalents over a 10 week period are summarised in

Table 3.1.
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The median total aerobic CFU count on each copper containing item as a

percentage of the median total aerobic count on eachcontrol item was further

calculated.

All the items which contained copper had between 90 and 100% lower

numbers of microorganisms present than their controlled equivalents at both

07.00 and 17.00 hours sampling time points. This reached statistical

significance in 9 of the 10 paired analysis and in all 10 unpaired analysis.

The exception was the hot tap handle sampled at 17:00. Howevereven with

this sample there was a trend for a reduction in microbial counts on the

copperitem.

During the study period no MRSAorC.difficile were isolated from any of the

surfaces sampled. Meticillin sensitive S. aureus was isolated from the control

door push plate during weeks 2 and 3 of the study and on the upper and

lower surfaces of the control toilet seat during week 6. The vancomycin

resistant Enterococcus faecium was isolated from the upper and lower

surfaces of the control toilet seat during week 1. E.coli was isolated from the

upperside of the control toilet seat during weeks 3 and 6. It was alsoisolated

on the lower side of the control toilet seat during week 4. No meticillin

sensitive S. aureus, vancomycin resistant enterococci or E.coli were isolated

from any of the copper containing surfaces during the study period.

Overall there was nosignificant difference in the total aerobic colony counts

on control items at 07.00 hours as compared to 17.00 hours
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3.6

(median 3.6 versus 2.1 CFUs per square centimetre retrospectively p = 0.97).

Interestingly, based on median, total aerobic CFU counts over the 10 weeks,

5 out of 10 controls toilet seats and tap handles and 0 out of 10 copper

sample points failed proposed bench mark values.

Copper Susceptibility Testing

The susceptibility to copper of microorganisms isolated from the copper

items was also checked bythe following methods. Survival of representative

isolates of VRE, MSSA, MRSAand coliforms on surfaces was determined

by a carrier test using 1 cm® coupons of copperor stainless steel. These

werefirst cleaned with acetone andsterilised by autoclaving. Suspensionsof

isolates were preparedin sterile distilled water from colonies grown on horse

blood agar plates for 24 hours. Twenty microlitres of suspension containing

approximately 1x10’ cfu / ml was applied to the surface of metal coupons,

spread and allowed to dry for 1h in air at 37°C. The coupons were then

allowed to stand for a further 2h at room temperature to simulate exposure

on surfaces and drying in the hospital ward. The couponswere then placed

in 1 mL of BBL D/E neutralising broth containing glass beads, vortex mixed

to release microorganisms and viable counts performed (Wheeldon et al.,

2008; Casey et al., 2010). 200 uL of the undiluted solutions (and serial

dilutions where appropriate) were inoculated onto 5%(v/v) horse blood agar

plates (BA; bioMerieux, Basingstoke, UK). The inoculated agar plates were

incubatedin air at 37°C for 48 h and the total aerobic cfu determined. All the

samples were processed within 3h of sampling.
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3.7

Coppersusceptibility

None of the VRE, MSSA, MRSAand coliforms isolates tested showed

evidence of resistance on metallic copper surfaces. The number of viable

microorganisms on the copper surface reduced by >3 logio cfu (i.e. reduction

in viable numbers from 1x10’ to below 1x10*) within the 3h test period,

comparedto <1 logio cfu on stainless steel. The reduction in viable numbers

of bacteria observed on the copper surfaces was similar to that reported

previously in laboratory studies using similar methods (Royce et al. 2006,

Wheeldon et a/. 2008) Therefore, although reduced copper sensitivity has

been demonstrated in a laboratory scenario (Santo et al., 2008, 2010) there

was no evidencein this study for selection of microorganisms with reduced

sensitivity on the copper surfaces.

Summary of results

A novel cross over study to evaluate the antimicrobial activity of copper

containing items was investigated on a busy acute medical ward. toilet

seat, set of tap handles, wash hand basin and a ward entrance door push

plate each containing copper were sampled for the presence of

microorganisms and were compared to standard non copper containing

items located on the same ward, or adjacent ward for the door push plates.

Items were sampled for the presence of microorganisms once weekly for ten

weeks at both 07.00 and 17.00 hours. After five weeks the copper

containing and non coppercontaining items were interchanged.

47



Coppercontaining items had between 90 and 100% fewer microorganisms

present on their surfaces than their control equivalents at both time points of

sampling. This reachedstatistical significance for every item sampled with

one exception. Based on mediantotal aerobic colony forming unit counts

from the study period five out of ten control sample points but none out of

the 10 copper points failed proposed bench mark values of total aerobic

counts. There was no evidence of copper resistance in any of the

microorganisms isolated from the copper containing items. These results

together with the bench mark valueswill be discussed in chapter 5.
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4.2

CHAPTER4

VIEW POINT OF PATIENTS VISITORS AND NURSES

Introduction

It was important to assess the view points of both patients and health care

workers regarding the appearance of the new coppercontaining items placed

on the test ward. This was to determine the usability of the copper containing

items to evaluate whether they caused any clinical issues and also to

determine whetheror not staff or patients treated these items in a different

way as compared to standard items. As presented earlier the copper

containing items were placed on the test medical ward at least six months

prior to commencementof the study. Medical care workers and patients were

asked for their viewpoint of the copper containing items during this period.

This part of the study was carried out when 14 different copper containing

ward items were being assessed.

Methodology

A questionnaire was designed for patients and health care workers to

complete. The answers were all recorded anonymously andall individuals

were informed of this prior to completion of the questionnaire. An example

of the questionnaire which was designed is shownin (Figure 4.1).

Ethical committee approval for this part of the study was obtained from the

Black Country Ethics Committee. All patients selected were those who were
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4.4

deemed bythe Nursing staff caring for these individuals, able to understand

the questions and to answer them accurately. Permission from the patients

was obtained prior to requesting completion of the forms. Any patient who

refused to complete the forms was acknowledged and as per ethical

application it was madeclear this made no difference to their subsequent

care. Questionnaires for the staff were left in the staff room with completed

forms requestedto be placedin the return envelope.

Appearance of Copper Containing Items

The 14 copper and copperalloy fittings which were studied appeared

different to the standard fittings on the Ward (table 4.1). In order to gauge

the acceptability of the copper furnishings a questionnaire was developedin

order to evaluate this. Full Ethical Committee approval was obtained from

the Black Country Research Ethics committee (07/H1202/100) and research

and Developmentat the UHB NHSFT(Appendix 2).

Staff and Visitors Questionnaire

The coppercontaining items had variable appearances (see Appendix 1). In

particular the toilet seat, which was made of a composite of resin polymer

and copper, was green / brown in colour. The colour was not even which

gavethe toilet seat an appearance of being unclean. Comparisonofall the

copperitemswith the control items is shown in Appendix 1.
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4.5

Two questionnaires were developed one for patients and visitors and the

other for membersof the clinical ward team on the ward as shownin figure

4.1 and 4.2.

A total of 59 questionnaires were completed and returned; 8 nurses, 23

patients and 28 visitors responded to the questionnaires. All the patients

had stayed on the study ward for more than one day [2-4 days (39.1%); 5-7

days (21.7%); more than 7 days (39.1%)]. The majority of visitors (46.4%)

who took part in the survey had visited the study ward in the past month

more than seven times. The remainder hadvisited 1 time (7.1%); 2-4 times

(35.7%) and 5-7 times (10.7%).

Results of Questionnaire

Patients most frequently noticed the copper taps (21) in the ward, and

visitors the door push plates (19), taps (18) and door pull handles (18).

Three visitors (10.7%) had not noticed any of the copperfittings on the ward

before responding to the questionnaires.

The perception of the nurses, patients and visitors towards the appearance

of the copper items on the ward and their attitude towards using them are

summarised in table 4. Overall most of the respondents (68%) considered

the copper items the same (46%), better (12%) or much better (10%) then

control items. Twoof the visitors who rated the majority of the copperfittings

acceptable rated the toilet seat worst in their overall perception of the copper

items. However, the majority of the respondents treated the copper items
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the same as standard items (nurses 100%, patients 73.9% and visitors

71.4%).

Many patients and relatives commented on the appearance of the copper

items, especially toilet seats. Many thoughtthat it was difficult to distinguish

if the copper surface such as a toilet seat was unclean or had just

undergone normal oxidisitation. However, the acceptability of this

appearance was more positive when the antimicrobial properties of copper

and the potential benefit of copper in the environmentin reducing microbial

contamination / infections were discussed. The nurses on the ward were

very supportive of the study. Although they received very few complaints or

queries regarding the copperitems,if they did, they were able to speak

confidently about the study and show enthusiasm abouttheir participation.

The Domestic staff in the embronic stage of the study voiced concerns

regarding the copper items as they wanted to use products that would

ensure the copper was always shiny and free from marks such asfinger

prints. They also commented on how much extra time this would take and

could affect the wards agreed cleaning schedule. All these issues were

talked through with their Supervisors and their support toward the study was

crucial. These issues resolved during the installation phase prior to

sampling. At this stage the Domestic staff clearly understood that the same

cleaning protocols were to be applied to the copper as well as the control

items.

52



Table 4.1

The perceptionof staff, patients and visitors to the appearanceof the copper
items of the ward andtheir attitudes of using these items (percentageof all
responses)

 

 

 

 

 

 

 

 

 

 

 

 

     

Response Staff (n=8) Patients (n=23) Visitors (n=28)

Question: appearance

Muchbetter 0 13.4% (3) 10.72% (3)

Better 25% (2) 13.4% (3) 7.14%(2)

Same 37.5%(3) 43.48% (10) 50% (14)

Worse 37.5%(3) 21.74% (5) 17.86% (5)

Much worse 0 8.7%(2) 7.14% (2)

No response 0 0 7.14% (2)

Question: use of copperitems

Madepointof 0 8.7%(2) 14.29% (4)
touching them

Treated the 100%(8) 73.91%(17) 71.43%(20)
same

Avoided 0 17.39%(4) 7.14%(2)
touching them

No response 0 0 7.14%(2)
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Figure 4.1 — Patient & Visitor Questionnaire

University Hospitals Birmingham
NHS Foundation Trust

DearPatient/ Visitor,

We would like your help in evaluating the new surface materials in the hospital

environment. We would value your comments on the copper items currently

installed on the ward areas by taking few minutes to answer questions below.

This survey is anonymousand yourpersonal details will not be recorded.

Thank you for your help!

Q1_ If you are a patient, how many days have you stayed on this ward (during this visit)? (Please
tick one box.)

1 = 2-4 4 5-7 [| Morethan 7 po

Please go to Q3

Q2_ If you are a visitor, how manytimes have youvisited this ward in the last month? Pleasetick the
appropriate box

172 247) 5-71) Morethan7 }

Q3 Have you seen anyof the copperitemspictured below, during your stay/ visit?
(Pleasetick all that apply)
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Taps? Toilet seat? Door handle? Grabrails? Door pushplates?

L Ef iS = Cs
Please go to Q4

| have not seen any of the copper items 4

Please go to Q6

Q4 Comparedto other similar items in the hospital, how did the copperitems look? (Please tick one
box.)

Muchbetter [_ Better[_] Same[_] Worse [_] Much worse [_

Q5_ Which phrase best describes your use of the copperitems? (Pleasetick one box.)

| made a point of touching them

| treated them the sameas standard
items

| avoided touching them 3

Q6_ Are there any other comments you wish to make about the copperitems on this ward?

 

Thank youfor taking the time to complete this survey.

Yourhelp is very much appreciated!

99



Figure 4.2 — Staff Questionnaire

University Hospitals Birmingham
NHS Foundation Trust

Dearstaff,

We would like your help in evaluating new surface materials in the hospital

environment. We would value your comments on the copper items currently

installed on the ward by taking a few minutes to answer the questions below.

This survey is anonymous and your personaldetails will not be recorded.

Thank you for your help!

 

Question 1. Compared to other similar items in the hospital, how do the

copperitemsfitted on to this ward (including door handles and pushplates,

taps, toilet seats and table tops), look? (Please tick one box.)

Much better LI better) same Ll worse LJ much worseL

Question 2. Which phrase best describes your use of the copper items?

(Pleasetick one box.)

| made a point of touching them []

| treated them the sameas standarditems _[]

| avoided touching them L1]

Question 3. Is there any other comment you wish to make about the copper

items on this ward?
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Question 4. Have you received any positive or negative feedback from

patients and visitors regarding the copperitems? If yes, please outline?

Thankyoufor taking the time to complete this survey.

Your help is very much appreciated!
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4.6 Discussion

The majority of the patients did not notice the copper containing items, in

particular the taps or push plates and therefore did not use them in a

different way to standard items. However 10% noted the unusual

appearance of the toilet seat being brown in colour and were concerned

about its cosmetic appearance and cleanliness. After explanation by staff all

the patients were reassured and the patients continued to use the copper

toilet seat as per normal. This potential concern was overcomeforall future

patients were appropriately educated about the appearance of copperitems.

All the respondents considered that they would prefer to use the copper

containing items rather than standard items despite the appearance of the

copper. Positive feedback on the research on copper and on reducing the

risk of infections in hospitals was given. A patient and visitor commented

that they preferred the copper as it was “old fashioned” and howit was “a

shame taps and door handles have beenreplaced with stainless steel over

the years”.

The important finding for this study was confirmation that the majority of

staff, patient and relatives treated the copper items the same as the

standard control items.

58



5.1

CHAPTER5 DISCUSSION AND CONCLUSIONS

Healthcare Associated Infections - Acquisition and Prevention

Each year in the UK hospital acquired infections cost the National Health

Service nearly 1 billion pounds sterling and up to 5000 patients per year

die as a result of acquiring such infections. Factors associated with the

acquisition of hospital acquired infections include the level of

environmental contamination. It must be recognised that not all hospital

acquired infections are preventable but it has been claimed that up to 15%

of these infections can be preventedif strict infection prevention measures

are taken. This has included the application of strict cleaning schedules

into hospitals to reduce the environmental microbial contamination.

The microorganisms which cause hospital acquired infections include

meticillin resistant Staphylococcus aureus, coagulase negative

staphylococci and also’ C.difficile. These microorganisms result in a

range of infections. The commonest hospital acquired infections include

urinary tract infections associated with urethral catheterisation, pneumonia

particularly associated with ventilated patients and bacteraemia

associated with intra vascular catheters. Wound infections particularly

post operative infections can also contribute significantly to the overall

numbers and in some serious have accounted for 5%of all patients

undergoing operative procedures.
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5.2

Infection control is therefore an important componentof the battle against

infections which patients may developin the hospital environment.

As indicated above microorganisms may bederived from the environment.

These could represent contamination from patients themselves or even

health care workers. The commonest route of spread of infection is

thought to occur via hand carriage andit is logical therefore to assume

that contamination of inanimate surfaces such as door push plates and

taps occurs following the use of these items by patients, their relatives and

friends or health care workers. Several approaches have been previously

taken to improve environmental cleaning to reduce the numbers of

microorganisms which are present on surfaces. This has included the

application of disinfectants such as hypochlorite solutions commonly used

at 10000 parts per million (free chlorine) in the outbreak situation.

Detergents are also recommendedfor routine cleaning which again should

keep the numbersof microorganisms down.

There is however no evidence to show what level of microbial

contamination should be deemed as acceptable. In this current study the

use of copper to enhance the approaches already taken to reduce

environmental contamination further was evaluatedin the clinical situation.

Use of Copper

Copper has been known since approximately 2000BC to be of value in

preventing spread of diseases now knownto beinfections. Indeed the

first recorded medical use of copper was described in the Smith Papyrus
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oneof the oldest books known. In this Egyptian text written between 2600

and 2200BC the use of copperto sterilise chest wounds and drinking

water were described. In the hippocratic collection partly written by the

Greek physician Hippocrates in the year 460 — 380BC copper was

recommended for the treatment of leg ulcers associated with varicose

veins. The Greeks sprinkled a dry powder of copper oxide and copper

sulphate onto woundsto try to prevent infection in recently acquired

trauma patients. More recently copper has been reported as being of

value in the treatmentof arthritic patients (Dollwet & Sorenson, 1985). It

had also been shownin the 1930’s that individuals suffering from diseases

such as scarlet fever, diphtheria, and tuberculosis have elevated copper

levels in their blood. It has been subsequently claimed that the re-

distribution of copper in the body hasa role in responding to disease and

that this may have antibacterial and antifungal activity. Indeed it was

reported that copper is selected by the body as part of a metabolic

response to overcome the challenge of infection. The first modern

research on the use of copper in medicinal substances was reported by

(Sorenson etal., 1985) who demonstrated in 1966 that copper complexes

have therapeutic efficacy in the treatmentof inflammatory diseases.

Since this time copper complexes have been usedto treat patients with

arthritic and other chronic degenerative diseases. More recently the

antimicrobial activity of copper against microorganisms have been

described (Keevil et al., 2009). Prof Keevil in Southampton has been

leading in this area of research. In their laboratory studies they have

clearly demonstrated that copper, including copper alloys have

antimicrobial actively against a range of microorganisms.Killing activity
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5.3

against a whole range of microorganisms was described and included

MRSA, VRE, C. difficile and influenza A. These studies have been

described in various publications (Noycejo et al.,2006)., (Rever et al.,

2008). It is interesting to note in these studies that the microbial killing

induced by the copper occurred within hours. With regards to MRSA

significant killing occurred within 4 hours of exposure to the copper, in

comparison to other metal surfaces such as stainless steel, where no

killng was observed. These laboratory studies have therefore suggested

that the use of copper may be of value in the clinical environment by

reducing the numbers of microorganisms on surfaces which in time may

prevent someof the hospital acquired infections.

Current Study

The current study which evaluated the use of copper in the clinical

environment has clearly demonstrated two key factors. The numbers or

microorganisms present on normal hospital fixtures and fittings which

include pushplates, toilet seats and wash basin taps werestill significant

in terms of total numbers even following appropriate and regular cleaning

schedules. In comparison, for the copper items the number of

microorganisms present at the start of a busy clinical day at 07.00 in the

morning and at the end of this day at 5.00 to 6.00pm wassignificantly

reduced.

Two questions need to be asked based ontheseresults,firstly how has

copper achieved this remarkable activity in terms of reducing the number
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of microorganisms and secondly whetherof not this would haveclinical

applications for the prevention of spread of infection?

The antimicrobial activity of copper and its mode of action is currently

unclear. Several mechanisms have been proposed (Weaveret al., 2010)

whicharelisted below (Warneset al., 2010). These include:

1. Copper may disruptcell function through several mechanisms

simultaneously.

2. Copper mayinactivate proteins including enzymes

3. Copper may complex with a componentof nucleic acid.

4. Copper may destabilise lipids which are found in the membrane

surrounding all microorganisms resulting in holes appearing in this

structure with loss of function.

Further evaluation of how copper works is obviously required. It was

interesting to note in the current study that even when microorganisms

were surrounded by contamination from protein and other organic material

found in the environment such as ontoilet seats the copper presentin

eachitem studiedstill retained antimicrobial activity. This observation has

important implications for the use of copperin the clinical environment.

The explanation for why some microorganisms were isolated from the

surface of copper items further test needs to be considered. The results

of the copper susceptibility tests clearly demonstrated that no reduced

coppersensitivity had occurred and that all the microorganisms isolated

werenotresistant to this metal. A morelikely explanation is the time
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required to kill the contaminating microorganisms. Bill Kevil and

colleagues (2009) have clearly demonstrated that copper can take several

hours to kill microorganisms. It is probable that the presence of bacteria

albeit in low numbers of the control item reflected the long period from

contamination to time to kill. Despite this, the low number of

microorganisms in the copper items reflected that this required a time

period to kill did not negate the potential value of copper in maintaining

decreased environmental contamination.

If copper is able to reduce the environmental microbial contamination as

the above study suggest this may augment the disinfection cleaning

schedules which trained domesticstaff utilised. It is highly probable thatin

the clinical environment that contamination particularly of surfaces such as

toilet seats can occur at any time during a 24 hour cycle and that despite

regular cleaning schedule this will continue to occur. The potential then

for spread to other patients is a continuing risk in the clinical environment

and that intermittent cleaning schedules do not overcomethis.

It is therefore clearly evident from the results of this first clinical study on

the use of copperthat it potentially can augment cleaning proceduresin

terms of maintaining fewer microorganisms on surfaces and in doing so

maytherefore be a valuable addition in the fight against hospital acquired

infections.

It was also of interest that the copper was able to exhibit activity in 3

different settings. The copper not only exhibited antimicrobial activity on
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the toilet seat, where there would be a fair degree of organic material

present, but also was effective on taps and push plates which are

frequently used by staff as well as patients and visitors. Microorganisms

can be spread via the hands and from surfaces to hand and in doing so

can result in infection being spread. The efficacy of copper on the taps

wastherefore a potentially highly significant finding.

Use of copper surfaces may therefore be a powerfultool in reducing the

numbers of microorganisms which are both in the environment and

potentially may be spread from patient to patient. Further evaluations

need to be carried out in the future to determine whether of not this

antimicrobial effect of copper has an actual influence on the numbers of

hospital acquired infections by patients in a clinical environment. From

this current study which was carried out over a number of months there

were notsufficient numbers of hospital acquired infections to evaluatethis.

Such studies would need to be carried out whereall items on a ward were

made of copper and compared to a controlled ward with standardfittings.

In doing so it would then be feasible to evaluate furthertheclinical efficacy

of the use of copperin the ward environment.

Conclusions

This study has for the first time evaluated in the clinical environment the

use of items made of copper and has determined whether or not this has

resulted in a reduction in the numbers or microorganisms in the busy

Clinical environment. The results clearly demonstrated that by applying

copperto various items including hot and cold water taps on a hand wash
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basin, a copper impregnatedplastic toilet seat and a copper pushplate at

an entry to the ward haveall resulted in a significant reduction in the

numbers of microorganism associated with that surface. This was shown

both at 07:00 in the morning and 17:00 in the afternoon. This observation

was made with a concomitant background of appropriate cleaning

schedules on a busy medical ward which still resulted in some

microorganismsbeing present in the clinical environment.

The value of copper has therefore been shown to augment cleaning

schedules and may be a useful weaponin the prevention of hospital

acquired infections. This needs to be further evaluated in the clinical

environment to include the end point of the numbers of infections that

patients may acquire whilst in hospital in a copper environment verses a

control environment.
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Appendix 1

Non Copper Door Push Plates

Visitors

2pm -som
8.30pm - 8.30pm

3 Visitors are allowed for each patient
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Non Copper Taps
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Coppergrabrails

 
Non coppergrabrails
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Non copperdressingtrolley
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Copperpatients over bed table

 
Non copperpatients over bed table
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Non copperlight switch
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Non copperplug socket

 

Copperplug socket
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Copper commodeseat
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Non copperarm rest

 
Copper arm rest
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Non copperdoor handles

 

Copperdoor handles



Coppersink wastefittings

 

Coppersink waste fittings
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1. Introduction

* Pathogens, such as meticillin-redstant Staphylococays aureus, colonisethe healthcare
environment and survive on surfaces for extended periods. '

* Following cleaning, the surfaces become rapidly re-contaminated due to lack of residual
antimicrobial activity of many cleaning agents. >?

* Furthermore, the handsof healthcare workers b readily
seem>aaa

i

.
: i

with pathog

 In the of mic
SennaagET Ihe tos Cenvemeesingtboamaeindarerareearcannartee.

. It has been demonstrated in both laboratory and dinical studies that copper surfaces reduce
‘the survival of common pathogens. *"

* The use of copper maytherefore play a part in reducing healthcare-associated infections.

2. Objective

* The aim ofthisstudywasto evaluate the ability of copper to reduce environmental microbial
contamination in the clinical setting.

3. Methods

. wiowes
furnishings and equipment(Table 1 and Figure 1).

. ‘The surfaces ofthe lteresweresampled oncaweeklyfor 24 weeks by'svabbing.*In bret, the
surfaces were sampled with a sterile and a cotton swab moistened in 0.9% (wiv)
sodium chloride. After sampling, the tip theswabwas placed Into 2 ml of BBL Dey/ Engley
neutralising broth (BD, UK). The samples were vortexed and 200 yl inoculated onto blood
and selective agar. The plates were incubated as previously described.
tn duplicate, except for toilet flush handles, light and socket switches and light pull cords. In
these Instances thewhole surface area was sampled.

mr ae ie th

vbiting hours.

* Routineward cleaningtookplace in the morning before 12.30 and In theevening after 17.00.

* Following 12 weeks of sampling, the copper and non-copper ttems were interchanged to
excludethe possibility of preferentialuse of Items from etthergroup based on location.

* The total aerobic colony count was determined and the number of microorganisms on the
eneetame onthabene

. ptonlaybetes  Pemmelegy terete
Staphylococcus aureus and MRSA respectively), coliform bacteria and Clostridium
difficile on the areas sampled was also determined.

To
14,00- 17.00)during

Table 1. The composition ofstudy Items.
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Figure 1. Examples of copper items (door push plate, tollet seat, tap handles, grab rails, door
pull handle,light switch, socket)

 

Surfaces, but did not reach significance (Figure 2).
* were d from both the copper and non-copper surfaces,

however dgnifinificantly fewer surfaceswere colonised withVRE, MSSA and callform bacteria
In the copper group (Table 2).

Figure 2. The mediantotal aerobiccounts on copperand standard Items (Mann-Whitney values).
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Table 2. The number of copper and standard surfaces contaminated with indicator micro-
organisms (excludes results from sinkwaste fittings)
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CuZn37 (63%) VRE 1
Door push plates Aluminium CuZn30 (70%) MSSA 7

CuOF (89.95%)

Coliforms 19 0.001Door pull handles CuSn8E Aluminium eae Codifficite 8 0.108

Door lever handles Aluminium CuSn8 (92%) . A .
5. Discussion & conclusion

Grab rails Painted steel CuZn30 (70%)
. - 8 busy medical ward, during continuous challenges from staff, patients and visitors,

CuOF composites s ed coat opper frequent-touch surfaces and other hospital furnishings, were associated with a lower
Toilet seats Plastic : tappren.70%) oe microbial load than standard equivalent items.

* VRE, MSSA and coliform bacteria were also recovered less frequently on the copper
containing surfaces compared to standard surfaces.

Tollet flush lever handles Chrome Copper plated (99.95%) * These results demonstrate that copper offers the potential to significantly reduce the
numbers of microorganisis in the clinical environment.

Comwodes Plastic CUuOF composite/ sprayed coating + The use of copperin combination with optimal Infection prevention strategies may
(approx.70%) therefore reduce further therisk of patients acquiring Infectionsin hospital and other

healthcare environments.
CuDHP (99.9%)Patient over-bed tables Plastic I 4 p Ispray nus

fee )ac
Dressing trolleys Stainless steel CuZn30 (70%) ‘ SiseeeeeSGNTeeseeetowones ae

0 SeuagramensrsSweetsang?cartewesanmcresedatratcineeenantebianes nrwr peuth etcte eredapicsers oatcote!
Sockets (switches) Plastic Cuznt5 (85%) 2 eeeieotererartnnseemcsenrs
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Lightpull cords (toggle) Plastic CuDHP(99.9%)
ewe

Sink waste fittings Chrome Cuzn40Pt2 (58%) cinetoteheg e
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