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What is antimicrobial resistance?


What is antimicrobial resistance?
 Antimicrobial resistance
happens when microorganisms


Bacteria





Fungi
Viruses
Parasites
 Change when they are exposed
to antimicrobial drugs
 Antibiotics
 Antifungals
 Antivirals
 Antimalarial
 Antimicrobial drugs become
ineffective
 Infections persist in the body
 Increasing the risk of spread
to others

WHO - Antibiotic resistance
http://www.who.int/mediacentre/factsheets/antibiotic-resistance/en/

What is antimicrobial resistance?




Survival of the fittest


Antimicrobial resistance
occurs by genetic mutation or



From accepting antimicrobial
resistant genes from other
bacteria

The misuse and overuse of
antimicrobials accelerates this
process


Relatively harmless bacteria
can develop resistance to
multiple antibiotics and
cause life threating
infections

FDA_Animation of Antimicrobial Resistance
https://www.fda.gov/AnimalVeterinary/SafetyHealth/AntimicrobialResistance/ucm134359.htm
https://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-508.pdf

Resistant gene transfer

Photo credit:
http://www.usatoday.com/story/news/nation/2012/11/29/bacteria-deadly-hospital-infection/1727667/
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From accepting antimicrobial
resistant genes from other
bacteria

The misuse and overuse of
antimicrobials accelerates this
process

FDA - Animation of Antimicrobial Resistance
https://www.fda.gov/AnimalVeterinary/SafetyHealth/AntimicrobialResistance/ucm134359.htm
TED Talk - What causes resistance
https://ed.ted.com/lessons/how-antibiotics-become-resistant-over-time-kevin
Futurism - Natural Selection https://futurism.com/?post_type=glossary&p=53989?post_type=glossary&p=53989

Antimicrobial resistance - A current perspective on
antimicrobial resistance in Southeast Asia


AMU and AMR are increasing in Southeast Asia
 Driven by:
 Rapid intensification of food-production
systems
 Loosely regulated access to antimicrobials
 Poor awareness with respect to antimicrobials
 Public
 Health professionals
 Farmers
 Widespread irrational prescribing and selfmedication
 An abundance of low-quality or counterfeit
drugs
 Setting
 High prevalence of infectious disease
 Weak diagnostic capacity
 Particularly in primary healthcare
settings
 Bacteria being readily transported to other
parts of the world by international travellers,
and by international trade of animals and
goods
M. Zellweger RM et al. A current perspective on antimicrobial resistance in Southeast Asia.
Antimicrob Chemother 2017; 72: 2963–2972

Schematic of the development, spread, drivers and tools
for the mitigation of Antimicrobial resistance

In 1945, Fleming foretold the risks of antimicrobial
resistance (AMR): ‘The time may come when penicillin
can be bought by anyone in the shops. Then there is
the danger that the ignorant man may easily under
dose himself and by exposing his microbes to nonlethal quantities of the drug make them resistant.

M. Zellweger RM et al. A current perspective on antimicrobial resistance in Southeast Asia. Antimicrob Chemother 2017; 72: 2963–2972
Fleming A. Nobel lecture, December 11, 1945. http://www.nobelprize.org/nobel_prizes/medicine/laureates/1945/fleming-lecture.pdf.

Problem organisms


MRSA Methicillin resistant Staphyloccous aureus



VRE Vancomycin resistant Enterococci spp.



Clostridium difficile



Extended spectrum β-lactamase producing
Enterobacteriaceae (ESBLs)


i.e. Klebsiella pneumoniae



Carbapenem-resistant Enterobacteriaceae (CRE)



MRAB Multi-resistant Acinetobacter baumannii



Multidrug-resistant Pseudomonas aeruginosa

Methicillin-resistant Staphylococcus aureus (MRSA)
MRSA - In a healthcare setting, such as a hospital or nursing home can cause severe
problems such as bloodstream infections, pneumonia and surgical site infections

Methicillin-resistant Staphylococcus aureus (MRSA)


Community acquired MRSA (CaMRSA)



Often quite different to MRSA strains assoc with hospitals



CaMRSA infections





Infections of the surface of the skin such as boils and
impetigo (school sores)



Infections under the skin that can be tender and
increase in size (abscesses and cellulitis)



Infections of the bone, blood, lungs and other parts of
the body

How is it spread?






CaMRSA can get into the body through broken skin or
sores, resulting in redness, pimples, swelling,
tenderness or boils

Can be spread by:


Touching or squeezing an infected body area, such as a
boil or open wound



Using towels, clothes or bed sheets that have been
used by a person with a MRSA infection



Using grooming items that have been used by a person
with a MRSA infection



Not washing your hands carefully

Outbreaks tend to happen in schools, dormitories,
military barracks, households, jails, and childcare
centres
Photo credit: Gregory Moran, M.D. https://www.cdc.gov/mrsa/community/photos/photo-mrsa-10.html

Disease Burden, Characteristics, and Outcomes of MethicillinResistant Staphylococcus aureus Bloodstream Infection in Hong Kong


A retrospective, observational study was
conducted in 26 Hong Kong public hospitals



January 2010 and December 2012



The primary outcome measures were 30-day
mortality rate and infection-related hospital
cost



1133 patients records


727 (64.17%) were male



1075 (94.88%) had health care–associated
community-onset



44 (3.88%) had hospital-onset MRSA
infection



Mean age of patients was 76 (SD = 15)
years



172 (15.18%) aged 20 to 59 years



961 (84.8%) aged ≥60 years

Joyce H S You et al.Disease Burden, Characteristics, and Outcomes of Methicillin-Resistant Staphylococcus aureus Bloodstream
Infection in Hong Kong. Asia-Pacific Journal of Public Health 29(5):451-461,July 2017

Disease Burden, Characteristics, and Outcomes of MethicillinResistant Staphylococcus aureus Bloodstream Infection in Hong Kong


Results




Annual incidence rates


20 to 59 age groups was 0.96 to
1.148 per 100 000



≥60 age groups was 22.7 to 24.8
per 100 000



The 30-day mortality was 367
(32.39%)



Older patients (>79 years),
chronic lung disease, and prior
hospitalization were associated
with increased mortality



The mean cost was US$10 565 (SD
= 11 649; US$1 = HK$7.8)

MRSA BSI was a significant burden in
Hong Kong
Joyce H S You et al.Disease Burden, Characteristics, and Outcomes of Methicillin-Resistant Staphylococcus aureus Bloodstream
Infection in Hong Kong. Asia-Pacific Journal of Public Health 29(5):451-461 · July 2017

Vancomycin-resistant Enterococcus (VRE)
PUBLISHED: Thursday, 01 August, 2013

Prevalence and risk factors for VRE colonisation in a tertiary
hospital in Melbourne, Australia


Alfred hospital, Melbourne, Victoria


Vancomycin-resistant Enterococcus (VRE) first
isolation in Australia in 1994



2008 - hospital-wide point prevalence survey



Prevalence of VRE colonisation on the day of
screening was 17.5% (95% CI, 13.7 to 21.9)



VRE was detected from patients in each ward




Prevalence ranging from 3% to 29%

Univariate analysis


Use of any antibiotic, meropenem, ciprofloxacin,
diarrhoea and longer length of hospital stay were
associated with increased risk of VRE colonisation
(p<0.05)

Karki S, et al. Prevalence and risk factors for VRE colonisation in a tertiary hospital in Melbourne, Australia:
a cross sectional study. Antimicrob Resist Infect Control. 2012 Oct 8;1(1):31.

Prevalence and risk factors for VRE colonisation in a tertiary
hospital in Melbourne, Australia


Age, sex, proximity to VRE positive cases, use of
other antibiotics including cephalosporins,
vancomycin were not associated with increased
risk (P>0.05)



Multivariate analysis




Exposure to meropenem (p=0.004), age (≥65
years) (p=0.036) and length of stay ≥7 days
(p<0.001) as independent predictors of VRE
colonisation

Study suggested that exposure to antibiotics may
have been more important than recent cross
transmission for a high prevalence of vanB VRE
colonisation

Karki S, et al. Prevalence and risk factors for VRE colonisation in a tertiary hospital in Melbourne, Australia:
a cross sectional study. Antimicrob Resist Infect Control. 2012 Oct 8;1(1):31.

Antimicrobial-resistant - MDRO in residential aged care
facilities (RACF)
Point prevalence survey - October – November
2010
 Frequency of, and risk factors for,
colonisation with VRE, Clostridium
difficile and extended-spectrum βlactamase (ESBL)-producing organisms
 3 RACFs associated with a health service
 A single faecal sample was collected
 Presence of risk factors for antibioticresistant organisms was identified using a
questionnaire
 Results:
 Of 164 residents in the three facilities
 119 (73%) were screened
 Mean age of screened residents was
79.2 years
 61% were women
 74% had resided in the RACF for > 12 months
 21% had been given antibiotics within the
past month
 12% had been in an acute care centre within
the past 3 months


Infect Control Hosp Epidemiol 2001;22:576-578. Med J Aust 2011; 195 (9): 530-533.

Prevalence of antimicrobial-resistant organisms in residential aged care facilities


Overall rates of VRE (2%) and C. difficile (1%)
colonisation were low



ESBL-producing Escherichia coli was detected in
14 residents (12%)


1/2 resided in one wing of an RACF




27% of wing residents tested



10/14 ESBL-producing isolates had identical
molecular typing patterns and belonged to
genotye CTX-M-9



8/13 residents had persistent colonisation
on repeat testing 3 months later

Conclusion


High prevalence of ESBL-producing E.
coli in RACF residents



A clonal relatedness suggesting possible
transmission within the facility



RACFs should have programs emphasising:


Good hand hygiene compliance



Enhanced environmental cleaning and



Dedicated antimicrobial stewardship
programs
Infect Control Hosp Epidemiol 2001;22:576-578. Med J Aust 2011; 195 (9): 530-533.

Antimicrobial prescribing and infections in
Australian residential aged care facilities




RACFs with high antimicrobial use


Increased risk for all residents



Potential for cross-transmission among
residents

Survey


186 RACFs - June and August 2015



Individual facilities conducted a single-day
(point prevalence) survey



69.9% were in Victoria



Surveyors




Infection control practitioners (57.5%),
nurses (35.5%) and pharmacists (11.0%)

All residents were assessed for signs or
symptoms of a suspected or confirmed
infection, and/or a current prescription for
antimicrobial therapy

Antimicrobial prescribing and infections in Australian residential aged care facilities
Results of the 2015 Aged Care National Antimicrobial Prescribing Survey pilot, May 2016

Antimicrobial prescribing and infections in
Australian residential aged care facilities


Summary findings






4.5% of RACF residents had signs and symptoms of infection

Antibiotic prescribing


In total, 975 antimicrobials were prescribed for 824 residents



11.3% of residents were prescribed one or more
antimicrobials



The 5 most commonly prescribed antimicrobials - cephalexin
(16.7%), clotrimazole (16.5%), amoxicillin–clavulanate (6.5%),
trimethoprim (6.5%) and chloramphenicol (6.4%)



37.1% of prescribing was for topical antimicrobials

Five most common indications for antimicrobial prescribing
documented were:


17.5% - Skin, soft tissue or mucosal infections



16.7% - Urinary tract infections



11.8% - Lower respiratory tract infections



8.4% - Tinea



5.2% - Conjunctivitis

Antimicrobial prescribing and infections in Australian residential aged care facilities
Results of the 2015 Aged Care National Antimicrobial Prescribing Survey pilot, May 2016

Antimicrobial prescribing and infections in
Australian residential aged care facilities


Results identified three key areas for targeted quality improvement interventions:




Inadequate documentation


31.6% of prescriptions did not have an indication documented justifying their use



65.0% of prescriptions did not have a review or stop date documented

Use of antimicrobials for unspecified infections




17.5% of antimicrobials were being used for unspecified skin infections

Prolonged duration of prescriptions


31.4% of prescriptions had been prescribed for longer than six months; of these


Only 51.0% had an indication documented



Only 2.0% had a review or stop date recorded

Antimicrobial prescribing and infections in Australian residential aged care facilities
Results of the 2015 Aged Care National Antimicrobial Prescribing Survey pilot, May 2016

Clostridium difficile


A spore-forming, gram-positive
anaerobic bacillus


Produces two exotoxins






A common cause of antibioticassociated diarrhoea



Accounts for 15-25% of all episodes
antibiotic-associated diarrhoea

Virulent strain of Clostridium difficile


Associated with more severe disease



Higher relapse rates



Increased mortality up to 19%



Greater resistance to antibiotics




toxin A and toxin B

Penicillins, Cephalosporins,
Clindamcyin, Fluoroquinolones

Outbreaks are common

Clostridium difficile surveillance in Australian is undertaking
on a national level
2011 – 2012 Clostridium difficile
Objectives


Prospective surveillance


Quarterly incidence of hospital-identified
Clostridium difficile infection (HI-CDI) in
Australia


Hospital-associated (HA) infections



Community-associated(CA) infections

Results


The annual incidence of HI-CDI increased from
3.25/10,000 patient days in 2011 to 4.03/10,000
patient days in 2012



Poisson regression modelling demonstrated a 29%
increase (95% CI, 25% to 34%) per quarter between
April and December 2011, with a peak of 4.49/10 000
PD in the October–December quarter

Increasing incidence of Clostridium difficile infection, Australia, 2011–2012. MJA 2014; 200: 272–276

Clostridium difficile surveillance in Australian is undertaking on
a national level
Results:


The incidence plateaued in January–March
2012 and then declined by 8% (95% CI,
11% to 5%) per quarter to 3.76/10 000 PD
in July–September 2012



After which the rate rose again by 11% (95%
CI, 4% to 19%) per quarter to 4.09/10 000
PD in October–December 2012



Trends were similar for HA-CDI and CA-CDI.
A subgroup analysis determined that 26% of
case were CA-CDI

Conclusions


“A significant increase in both HA-CDI
and CA-CDI identified through hospital
surveillance occurred in Australia
during 2011–2012

Increasing incidence of Clostridium difficile infection, Australia, 2011–2012. MJA 2014; 200: 272–276

Clostridium difficile outbreaks in Hong Kong


Report outbreaks of acute gastroenteritis
(AGE) including those related to C. difficile



2004 to 2013



Total of 1,746 AGE outbreaks



829 occurred in residential care homes for
elderly



163 hospitals



C. difficile


16 outbreaks affecting 93 persons




The first C. difficile was in May 2006




All occurred in hospitals

Affected 10 persons

There was no further case recorded
until June 2011


Four to six outbreaks recorded
annually

Scientific Committee on Enteric Infections and Foodborne Diseases Epidemiology, Prevention and control
of Clostridium difficile associated outbreaks in Hong Kong. Centre for Health Protection August 2014

Acinetobacter




Outbreaks


Intensive care units and healthcare settings
housing very ill patients



Pneumonia



serious blood or wound infections



Can “colonise” tracheostomy sites or open
wounds

Those at risk


very ill patients on a ventilator



those with a prolonged hospital stay



those who have open wounds



person with invasive devices like urinary



Acinetobacter can be spread to susceptible persons
by person-to-person contact or contact with
contaminated surfaces



High rate of antibiotic resistance


Up to 70% mortality rate from infections
caused by XDR strains in some case series

Clin. Microbiol. Rev. January 2017 vol. 30 no. 1 409-447

Multidrug-resistant Pseudomonas


Serious Pseudomonas infections usually occur in people in
hospital and/or with weakened immune systems


Infections of the blood, pneumonia, and infections
following surgery can lead to severe illness and death in
these people



Patients in hospitals, especially those on breathing
machines, those with devices such as catheters, and
patients with wounds from surgery or from burns are
potentially at risk for serious, life-threatening infections



Multidrug-resistant Pseudomonas can be deadly for
patients in critical care



An estimated 51,000 healthcare-associated P.
aeruginosa infections occur in the United States each
year



More than 6,000 (13%) of these are multidrug-resistant,
with roughly 400 deaths per year attributed to these
infections



Multidrug-resistant Pseudomonas was given a threat
level of serious threat in the CDC Antibiotic Resistance
Threats Report

https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf

MDRO control strategies - International and
National strategies

MDRO control strategies - Gaps


Limited national, state, and federal capacity to
detect and respond to urgent and emerging
antibiotic resistance threats



Currently, there is no systematic international
surveillance of antibiotic resistance threats



Data on antibiotic use in human healthcare and
in agriculture are not systematically collected



Programs to improve antibiotic prescribing are
not widely used in the United States



Advanced technologies can identify threats much
faster than current practice are not being used as
widely as necessary

CDC antibiotic Resistance threatshttps://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf

Australia’s First National Antimicrobial Resistance
Strategy 2015–2019
RESPONSE TO THE THREAT

Responding to the threat of antimicrobial resistance & Implementation plan
Australia’s First National Antimicrobial Resistance Strategy 2015–2019
June 2015 http://www.health.gov.au

IMPLEMENTATION PLAN

Australia’s First National Antimicrobial Resistance
Strategy 2015–2019


Seven objectives



Objective 1: Increase awareness and
understanding of AMR, its implications, and actions
to combat it through effective communication,
education and training



Objective 2: Implement effective antimicrobial
stewardship practices across human health and
animal care settings to ensure the appropriate and
judicious prescribing, dispensing and administering
of antimicrobials



Objective 3: Develop nationally coordinated One
Health surveillance of AMR and antimicrobial usage



Objective 4: Improve infection prevention and
control measures across human health and
animal care settings to help prevent infections
and the spread of AMR

Responding to the threat of antimicrobial resistance & Implementation plan
Australia’s First National Antimicrobial Resistance Strategy 2015–2019
June 2015 http://www.health.gov.au http://www.agriculture.gov.au/animal/health/amr

Australia’s First National Antimicrobial Resistance
Strategy 2015–2019


Seven objectives…….



Objective 5: Agree a national research
agenda and promote investment in the
discovery and development of new products
and approaches to prevent, detect and
contain AMR



Objective 6: Strengthen international
partnerships and collaboration on regional
and global efforts to respond to AMR



Objective 7: Establish and support clear
governance arrangements at the local,
jurisdictional, national and international
levels to ensure leadership, engagement and
accountability for actions to combat AMR

Responding to the threat of antimicrobial resistance & Implementation plan
Australia’s First National Antimicrobial Resistance Strategy 2015–2019
June 2015 http://www.health.gov.au http://www.agriculture.gov.au/animal/health/amr
MJA 207 (2) j 17 July 2017

Objective 3: Develop nationally coordinated One Health
surveillance of AMR and antimicrobial usage

3.4 - Agree and implement a
uniform standard for
laboratory testing methods for
antibacterial susceptibility
Responding to the threat of antimicrobial resistance & Implementation plan
Australia’s First National Antimicrobial Resistance Strategy 2015–2019
June 2015 http://www.health.gov.au

Objective 4: Improve infection prevention and control
measures across human health and animal care settings to help
prevent infections and the spread of AMR

4.2- Review existing accreditation and
quality
assurance
programmes
to
4.3 - Foster efforts to establish
ensure
they
appropriately
support
and
comprehensive and integrated national
encourage
compliance
with
best
surveillance of healthcare-associated
practice
IPC
measures
infections, including for resistant and nonresistant organisms, to inform IPC policy
and guidelines
Responding to the threat of antimicrobial resistance & Implementation plan
Australia’s First National Antimicrobial Resistance Strategy 2015–2019
June 2015 http://www.health.gov.au

General approaches to healthcare-associated
infection (HAI) prevention


Vertical Approaches




Aim to reduce colonization, infection, and transmission of specific pathogens, largely
through use of active surveillance testing, followed by implementation of measures aimed
at preventing transmission

Horizontal Approaches


Aim to reduce the risk of infections due to a broad array of pathogens through
implementation of standardized practices that do not depend on patient-specific
conditions



Examples include:


Minimizing the unnecessary use of invasive medical devices



Enhancing hand hygiene



Improving environmental cleaning



Promoting antimicrobial stewardship



Vertical and horizontal approaches are not mutually exclusive and are often intermixed



Some experts believe that the horizontal approach offer the best overall value given the
constrained resources available for infection prevention efforts

General approaches to healthcare-associated
infection (HAI) prevention
Horizontal Approaches
 Focus on approaches that target all rather than
selected organisms in the absence of an
organism-specific epidemic (outbreaks)
 Local knowledge of microbial epidemiology
and ecology
 Supported by a robust quality improvement
program
 Some experts believe that the horizontal
approach offer the best overall value given the
constrained resources available for infection
prevention efforts
 Screening
 Understand the relative benefits and costs of
pathogen-specific screening and intervention
strategies compared to reliable application of
more general methods to mitigate transmission
and infection
 Reliable implementation is critical for either
vertical or horizontal strategies


Wenzel RP and Edmond MB. Infection control: the case for horizontal rather than vertical interventional programs. International Journal
of Infectious Diseases 14S4 (2010) S3-S5

General approaches to healthcare-associated
infection (HAI) prevention


Summary


Use robust quality improvement methods to ensure
reliable performance of basic infection prevention
practices known to mitigate transmission of MDROs and the
infections they cause



Ensure adherence to evidence-based universally applied
HAI prevention strategies including:


Hand hygiene



Antimicrobial stewardship and



Adequate environmental cleaning



Apply other evidence-based, horizontal strategies such as
universal decolonization in settings where benefits are
likely to outweigh risks and costs



Use active surveillance screening and other vertical
approaches selectively when epidemiologically important
pathogens are newly emerging and rare to a given
institution or region or to control outbreaks of specific
pathogens

Septimus E, MD, Weinstein RA, Perl TM, Goldmann DA and Yokoe DS. Commentary: Approaches for Preventing HealthcareAssociated Infections: Go Long or Go Wide? Infection Control and Hospital Epidemiol. Vol. 35, No. 7, July 2014.

Surveillance screening and other vertical approaches
Carbapenemase-producing Enterobacteriaceae




CPE in Australia


Lower than that observed in some areas
of Europe, North America, the Middle
East and Asia



Prior to 2012, identification of CPE in
Victoria was limited to patients with
recent overseas hospitalisation in high
burden countries

2012 and 2015


An increase in one particular
carbapenemase, KPC throughout Victoria



An investigation concluded that KPC
transmission in Victoria was driven by
discrete healthcare associated outbreaks
in a number of healthcare facilities



A state-wide epidemiological and
laboratory surveillance system was
commenced

Surveillance screening and other vertical approaches
Carbapenemase-producing Enterobacteriaceae

ACSQHC. Recommendations for the control of carbapenemase-producing Enterobacteriaceae (CPE). A guide for acute care health
facilities 2017 https://www.safetyandquality.gov.au
Carbapenemase-producing Enterobacteriaceae - management guidelines
https://www2.health.vic.gov.au

Surveillance screening and other vertical approaches
Carbapenemase-producing Enterobacteriaceae


Management Plans for CPE



CPE Surveillance and Response Unit (VCSRU)



Victorian CPE Incident Management Team (VCIMT)



Health Service Incident Management Team (HSIMT)



Data collection for a case of CPE


Part A: Confirmed CPE event




5 pages

Part B: Outbreak case risk history


4 pages

Carbapenemase-producing Enterobacteriaceae - management guidelines
https://www2.health.vic.gov.au

Surveillance screening and other vertical approaches
Victoria - CPE containment strategies


Contact tracing and screening



Transmission based precautions




Contact precautions

Declaration as a Transmission Risk Area (TRA)


Two or more confirmed cases of genetically
related CPE as determined by the public health
laboratory and



At least one case is a locally acquired case and



There is a plausible epidemiological connection
between the two cases



TRAs notified to other unaffected public and private
health services



Enhanced Environmental cleaning



Education and communication



Audits of infection control practices
Carbapenemase-producing Enterobacteriaceae - management guidelines https://www2.health.vic.gov.au

MDROs and the environmental – what we know


Contaminated of environmental surfaces in
hospital rooms plays an important role in the
transmission of several healthcare associated
pathogens including;


Methicillin-resistant Staphylococcus aureus
(MRSA)



Vancomycin-resistant Enterococcus spp (VRE)



Clostridium difficile



Acinetobacter spp



Norovirus and



Possibly Candida auris


Recovered from the hospital
environment


Suggesting contaminated surfaces
may be a source of transmission



CDC recommend daily and postdischarge disinfection of surfaces
in rooms of patients with C. auris
infection

UK Independent Tuesday 15 August 2017

MDROs and the environmental – what we know
Organism

Duration of persistence on dry
inanimate surfaces (range)

Clostridium difficile (spores)

5months

Acinetobacter spp.

3 days - 5 months

Enterococcus spp. including VRE

5 days – 4 months

Klebsiella spp.

2 hours - > 30 months

Pseudomonas aeruginosa

6 hours – 16 months

Serratia marcescens

3 days – 2 months

Staphylococcus aureus, inc MRSA

7 days – 7 months

Candida albicans

1 – 120 days

SARS Coronavirus

72hrs - >28 days

Influenza

Hours to several days

Kramer et al. How long do nosocomial pathogens persist on inanimate surfaces?
A systematic review. BMC Infect Dis 2006;6:130.

MDROs and the environmental– what we know
Routes of transmission
Patients colonised or infected shed
organisms onto their skin, clothing
bedding and nearby environmental
surfaces

Exposure

Known
Infection or
Colonisation

Unidentified
asymptomatic
carriers

Isolation
Room
Surfaces

Portable
Equipment

Susceptible
Patient
Hands of
Healthcare
Personnel

Skin, bedding,
and Clothing

Donskey et al. Does improving surface cleaning and disinfection reduce healthcare-associated
infections? AJIC 41(2013) S12-S19

Susceptible patients may acquire
pathogens through direct contact with
contaminated surfaces or equipment
or via hands of staff that have become
contaminated after contact with
patients or environmental surfaces

MDROs and the environmental – Rooms are not adequately
cleaned



36 acute care hospitals


Fluorescent marker



Baseline data


Thoroughness of cleaning score = mean 48.5%

Carling PC et al. Infect Control Hosp Epidemiol 2008; 29:1035-1041

MDROs and the environmental - Rooms are not adequately
cleaned

Gillespie E et al. The role of ultraviolet marker assessments in demonstrating cleaning efficacy. American
Journal of Infection Control 43 (2015) 1347-9

MDROs and the environmental - Contaminated portable
equipment


The Louis Stokes Veterans Affairs Medical
Center


215-bed acute-care hospital



10-bed surgical intensive care unit (SICU)



16-bed medical intensive care unit(MICU)



Generated a 222-base-pair DNA marker from
the cauliflower mosaic virus 35S promoter DNA
region



DNA marker was inoculated onto portable
equipment in each ICU


13 Doppler ultrasound machines



3 electrocardiogram machines



On days 1, 2, and 6 after inoculation of the
DNA marker, swabs were used to sample hightouch surfaces within patient rooms, common
work areas and other portable equipment



Florescent markers were used to measure if
the machines were cleaned daily

Infect Control Hosp Epidemiol 2017;1–3

MDROs and the environmental - Contaminated portable
equipment
Results


The overall percentage of sites
positive for DNA marker was similar for
each ICU units





SICU: 14 of 100, 14%

MICU: 11 of 128, 9%

On days 1 and 2, there was no
evidence that the inoculated portable
equipment had been cleaned


Presence of fluorescent marks on
the inoculated devices

Summary


There is a need for effective
strategies for routine disinfection
of portable equipment shared
among patients

MDROs and the environmental – what we know
Daily disinfection reduces hospital acquired infections


538-bed acute care tertiary hospital in Canada


Prospective interrupted time series study
design with a control group




UV-visible marker monitoring system in place
(weekly feedback)




52 week period

Cleaning considered acceptable if >80% of
UV visible marks partially or completely
removed

Intervention


Disinfection cleaning wipe


1-step surface disinfectant with 1
minute contact time



Accelerated hydrogen peroxide



Hospital wide – all patient care areas



All high touch sites/surfaces



Standard cleaning agent used for floor
and non clinical areas

Alfa MJ et al. Use of a daily disinfectant cleaner instead of a daily cleaner reduced hospital-acquired infection
rates. American Journal of Infection Control 43 (2015) 141-6

MDROs and the environmental – what we know
Daily disinfection reduces hospital acquired infections


C difficile

Results


When the cleaning compliance was
≥80% there was a significant
reduction in cases/10,000 patient
days for:


MRSA




VRE




P ≤ .0001

C difficile




VRE

P = .0071

P = .0005
MRSA

For any cleaning compliance level
there was still a significant
reduction cases/10,000 patient
days for VRE


VRE P=.0358

Michelle J. Alfa PhD et al. Use of a
daily disinfectant cleaner instead of
a daily cleaner reduced hospitalacquired infection rates. American
Journal of Infection Control 43 (2015)
141-6

The use of cleaning and disinfectant agents

CONCLUSION:
………..daily use of a ready-to-use accelerated hydrogen peroxide
disinfectant cleaner …………applied to patient care high-touch
environmental surfaces with a minimum of 80% cleaning compliance was
superior to a cleaner alone because it resulted in significantly reduced
rates of HAIs caused by C difficile, MRSA, and VRE.
Alfa MJ et al. Use of a daily disinfectant cleaner instead of a daily cleaner reduced hospital-acquired infection rates. Am J Infect
Control. 2015 Feb;43(2):141-6

MDROs and the environmental - Organism acquisition from
prior room occupant

Mitchell BG et al. Risk of organism acquisition from prior room occupants: a systematic review and meta-analysis.
Journal of Hospital Infection 91 (2015) 211-217.

MDROs and the environmental - Strategies to reduce
transmission


What is important?


Thoroughness of cleaning (compliance)



Disinfection - not just cleaning



Frequency of cleaning and disinfection



Monitoring the effectiveness of
cleaning and disinfection



Evidence support the use of “No-touch”
technologies as an adjunct to
cleaning/disinfection for terminal room
disinfection


Rooms of patients
colonised/infected with
epidemiological important
organisms



Ultraviolet C/Vaporised Hydrogen
Peroxide

INTERGRATE EVIDENCE INTO PRACTICE

MDROs and the environmental - Selecting disinfectants


Follow the manufacturers instructions



Not all products target the same pathogens
or require the same contact times


Long contact times not practical




Contact times of 10 minutes
requires:


Reapplying the disinfectant 5-6
times to keep it wet



Drying time for a water-based
disinfectant is 1.5-2 minutes

Contact time is affected by drying time



Disinfectants should be selected on a
healthcare facilities current needs and
situation



Concentrations should not be mixed by hand



Dispensing systems need to be validated
https://www.tga.gov.au/summary-disinfectant-regulation

MDROs and the environmental - Disinfectant dilution
control dispensers


Dispensers - Quat concentrations of ≥800 ppm in dispensed
solutions




Disinfectant solutions obtained from the 33 dispensing stations
audited:


7 stations - Quat concentrations of <200 ppm



17 stations - 200–400 ppm



6 stations - from 400–600 ppm



2 stations contained no concentrated disinfectant and



1 station was inoperative

Investigations by the disinfectant vendor:


Variations in water pressure at dispensing stations and
certain design issues in the dispensing system were
responsible for the variations



Installation of water-pressure regulators on each dispensing
station and modifications of the flow-control devices in
jugs resulted in Quat concentrations of ≥800 ppm

Boyce JM, Sullivan L, Booker A, Baker J. Quaternary Ammonium Disinfectant Issues Encountered in an Environmental Services
Department. Infect Control Hosp Epidemiol 2016;37(3):340-342

MDROs and the environmental - Monitoring the
effectiveness of cleaning and disinfection


Visual assessment-not a reliable indicator of surface cleanliness



Microbiological swabbing is costly, microorganism specific and time consuming



ATP bioluminescence-measures organic debris




Not all APT machines perform equally

Fluorescent markers


Mimics microbiological data better than APT



Transparent, easily cleaned, environmentally stable



solution fluoresces when exposed to an ultraviolet light


Applied prior to cleaning and assessed after cleaning with a black light

MDROs and the environmental - Monitoring the effectiveness
of cleaning and disinfection
ROOM CLEANING CHECKLISTS

MDROs and the environmental - Florescent (invisible
marker/pen) monitoring

MDROs and the environmental - Cleaning and disinfecting
wipes


Cleaning and disinfecting wipes


Detergent/ disinfectant surface wipes



Can improve timeliness and thoroughness
of room cleaning



Makes spot cleaning of equipment and
surfaces easy



Improves consistency and delivery of
correct concentrations of cleaning and
disinfecting agents and



Decrease usage of water and chemical
agents



Cleaning and disinfecting is one-step
with disinfectant-detergent



No pre-cleaning necessary unless spill or
gross contamination



Wipe should have sufficient wetness
to achieve the disinfectant contact
time (e.g. >1 minute)

No-touch room disinfection (NTD) systems

‘Given the choice of improving
technology or improving
human behaviour, technology
is the better choice’.
Dr Bob Weinstein

No-touch room disinfection (NTD) systems
Used to supplement standard cleaning protocols
Weinstein RA. Emerg Infect Dis 1998;4:416-420.

Reducing the risk of organism acquisition from prior room
occupant


Hydrogen peroxide vapor (HPV)
decontamination reduced
environmental contamination and the
risk of acquiring MDROs compared
with standard cleaning protocols



Patients admitted to rooms
decontaminated using HPV were:


64% less likely to acquire any
MDRO (incidence rate ratio [IRR],
0.36; 95% confidence interval
[CI], .19-.70; P < .001) and



80% less likely to acquire VRE
(IRR, 0.20; 95% CI, .08-.52; P <
.001)

Passaretti CL et al. An evaluation of environmental decontamination with hydrogen peroxide vapor for reducing the risk of patient
acquisition of multidrug-resistant organisms. Clin Infect Dis. 2013 Jan;56(1):27-35

Vapor-Based Hydrogen Peroxide Systems




Micro-condensation process (Bioquell)


Hydrogen peroxide “dry mist” (vaporized)



35% hydrogen peroxide

Advantages


Reliable biocidal activity against a wide range
of pathogens



Surfaces and equipment decontaminated



Demonstrated to decrease disease incidence
(C. difficile)



Residual free and does not give rise to health
and safety concerns (aeration units convert
HPV into oxygen and water)



Useful for disinfecting complex equipment
and furniture



Cost-effective

Vapor-Based Hydrogen Peroxide Systems


Disadvantages


Can only be done for terminal disinfection
(i.e., not daily cleaning)



All patients and staff must be removed
from room



Decontamination takes approximately 3-5
hours



HVAC system must be disabled and the
room sealed with tape



Substantial capital equipment costs



Does not remove dust and stains which are
important to patients/visitors



Sensitive use parameters (e.g., HP
concentration)

Vapor-Based Hydrogen Peroxide Systems


Micro-condensation process
(Bioquell)


Bioquell BQ-50



Uniformly exposed to
hydrogen peroxide vapour



35% hydrogen peroxide



Total cycle time of 60 –
80min


Room needs aeration
time

Ultra violet-C (UV-C) irradiation


Ultra violet C (UV-C)
irradiation


Kills a variety of bacterial
species including spores



On exposure to UV-C the
DNA and RNA of the
microorganisms are
deactivated by the
absorption of protons



Stops the organism
reproducing



Cost-effective

Tru-D Smart UV-C System™ (robot)

Ultra violet-C (UV-C) irradiation


Advantages


Reliable biocidal activity against
a wide range of pathogens



Surfaces and equipment
decontaminate



Room decontamination is rapid
(~15-20 min) for vegetative
bacteria



HVAC system does not need to be
disabled and room does not need
to be sealed



UV is residual free and does not
give rise to health and safety
concerns



No consumable products so
operating costs are low (key cost
= acquisition)

Infect Control Hosp Epidemiol 2010; 31(10):1025-1029

Ultra violet-C (UV-C) irradiation


Disadvantages


Can only be done for
terminal disinfection
(i.e., not daily
cleaning)



All patients and staff
must be removed from
room



Substantial capital
equipment costs



Does not remove dust
and stains which are
important to
patients/visitors

Infect Control Hosp Epidemiol 2010; 31(10):1025-1029

Enhanced Disinfection Leading to Reduction of Microbial
Contamination and a Decrease in Patient Col/Infection


A cluster randomised multi-centred crossover
study


9 hospitals



28 Month Study Period



4 arms







Standard - Quat



Quat and UV



Bleach



Bleach and UV

Outcome measure -infections/colonisation with
epidemiological important pathogens – MRSA,
VRE, C. difficile & MDR Acinetobacter

UVC system


Tru-D SmartUVC system™ (robot)

Dr Deverick J Anderson et al. The Lancet Volume 389, No.10071, p805–814, 25 February 2017

Enhanced Disinfection Leading to Reduction of Microbial
Contamination and a Decrease in Patient Col/Infection


Results


Best strategy -Quat/UV



Worst strategy – Quat



Comparing the best strategy with the
worst strategy


Epidemiological important
pathogens


Mean CFU per room 60.8 vs
3.4 - 94% reduction



Colonisation infection rate
2.3% vs 1.5%



35% decrease in
colonization/infection



in room contamination was
assoc with a in patient
colonization/infection

First study which quantitatively
described the entire pathway whereby
improved disinfection decreases
microbial contamination which in-turn
reduced patient colonization/infection

Dr Deverick J Anderson et al. The Lancet Volume 389, No.10071, p805–814, 25 February 2017

Reducing the risk of organism acquisition from prior room occupant

Adding UVC to current
cleaning and disinfecting
practices reduces the risk
of organism acquisition
from prior room occupant

Anderson DJ et al. Enhanced terminal room disinfection and acquisition and infection caused by
multidrug-resistant organisms and Clostridium difficile (the Benefits of Enhanced Terminal Room
Disinfection study): a cluster-randomised, multicentre, crossover study. Lancet. 2017 Jan 16. Published
online January 16, 2017.

Selection of “no touch” room disinfection systems


Systems vary considerably


Review the peer-reviewed literature



Choose only devices with demonstrated bactericidal capability




Carrier tests and/or the ability to disinfect actual patient rooms

Select a device that has demonstrated bactericidal capability and ideally the ability
to reduce healthcare associated infections

In summary……
Managing MDROs requires on organisation wide strategy, a
robust quality improvement program, adherence to
evidence-based universally applied HAI prevention strategies
and collaborative teamwork

Thank you
Glenys Harrington
Consultant
Infection Control Consultancy (ICC)
Melbourne, Australia
infexion@ozemail.com.au

