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Paul Young

President of ASM

Happy New Year and welcome to the first issue of Microbiology

Australia for 2014. The focus of this month’s issue is the very

important topic of hospital-acquired infections, guest edited by Lyn

Gilbert (past ASM President), Jon Iredell (current President-elect)

and John Merlino. Looking through the wonderful contributions

theyhavemade andalso those theyhave secured fromother experts

in the field, this issue has the makings of becoming a reference text

on the subject – and required reading for all who have an interest in

infection control in a hospital environment. Happy reading!

As I have mentioned in previous Vertical Transmissions, the flexi-

bility of the new Microbiology Australia in both print form and an

online presence will allow us to more easily engage with the

journal’s readers and to readily respond to suggestions for addi-

tional content or to provide an opportunity to comment on pub-

lished content. One option we are currently discussing is a forum

that will hopefully drive lively debate on topical issues both on the

journal site itself as well as through our Facebook and LinkedIn

presence. If you have any other ideas please forward your sugges-

tions to our national office (admin@theasm.com.au).

As promised inmy last Vertical Transmission, a proposal for changes

to the society constitution that more accurately reflects the Divi-

sional structure of our society has been posted on the ASMwebsite.

Thisproposalwill be taken to theAGMtobeheld inconjunctionwith

the annual meeting in Melbourne in July. We hope that ASM

members will play an active role in developing these changes and

we are calling for input by the end of May 2014. You can find a full

description of the changes and the rationale behind them in docu-

ments posted on the website.

The annualmeeting, to be held this year inMelbourne from 6–9 July

is fast approaching. The invited international and national speakers

are all in place and the developing program is now available

for viewing at the meeting website (http://asmmeeting.theasm.

org.au/). The exceptional group of speakers that the Program

Committeehasput together ensures thatwewill have a very exciting

series of talks by leaders in their respective fields. While there are a

plethora of smaller, specialist meetings now in play across Australia

every year, the annual ASMmeeting still offers the only opportunity

to immerse yourself in cutting-edge science that covers the broad,

cross-disciplinary field of microbiology. This year we are taking that

concept to heart with a number of dedicated, cross-disciplinary

Symposia and Workshops. So set aside these three days for this

important networking opportunity for all microbiologists! Early

bird registrations and abstract submissions (for oral presentation

consideration) are due 4 April.

Professor Sharon Lewin is to be the inaugural Director of the Peter Doherty Institute for Infection and

Immunity at the University of Melbourne. Professor Lewin is an internationally renowned researcher in

HIV/AIDS and currently heads the Department of Infectious Diseases, Alfred Health and Monash

University and is co-head of the Centre for Biomedical Research, Burnet Institute. She is the co-chair of

the International AIDS Conference AIDS2014 to be held in Melbourne in July this year with Professor

Francoise Barre-Sinoussi, President, International AIDS Society and 2008 Nobel Laureate for the co-

discovery of HIV.

The Institute is named after the esteemed Nobel Laureate (1996) and Laureate Professor at the

University, Peter Doherty, who is also the Patron of the Institute. Professor Lewin is expected to begin

her directorship of the Doherty in September 2014.

Professor Sharon Lewin to lead Peter Doherty Institute

Vertical Transmission
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Healthcare infection prevention and control really
is everyone’s business

Lyn Gilbert A, Jon IredellB and John MerlinoC

AMarie Bashir Institute for Emerging Infections and Biosecurity, Centre for Values, Ethics and the Law in Medicine, University of Sydney, and Level 3,
Institute of Clinical Pathology & Medical Research, Westmead Hospital, PO Box 533, Wentworthville, NSW 2145, Australia. Tel: +61 2 9845 6252,
Email: lyn.gilbert@sydney.edu.au

BWestmeadMillennium Institute forMedical Research, C24 –WestmeadHospital, TheUniversity of Sydney, NSW2006, Australia. Tel: +61 2 9845 6255,
Email: jonathan.iredell@sydney.edu.au

CDepartment of Microbiology and Infectious Diseases, Concord Hospital, and Department of Infectious Diseases and Immunology, Sydney Medical
School, University of Sydney, Hospital Road, Concord, NSW 2139, Australia. Tel: +61 2 9767 6658, Email: JMerlino@med.usyd.edu.au

Healthcare-associated infections (HAIs) aremore important

thanmost people realise. They are estimated to affect 7–10%

of all patients admitted to hospital and are among the top

five causes of death worldwide, including in countries like

Australia with sophisticated (and expensive) healthcare

systems. In Australia it is estimated that 200,000 HAIs occur

each year; they affect 5–10% of hospital patients, contribute

to 7,000 deaths and are responsible for A$2–3 billion in

excess health costs. In the USA they cause an estimated

99,000 deaths and cost the health system US$10–25 billion.

These, and other estimates of the burden of HAIs anywhere

in the world, are imprecise and almost certainly lower than

the true values, because surveillance and reporting of HAIs

is limited and highly variable. What is most shocking about

these statistics is that at least 50% of these infections (prob-

ably more) are judged to be preventable by measures that

are simple, inexpensive andhavebeen shown tobe effective.

HAIs have been a problem since hospitals were first established

and the principles of prevention have been known since the 19th

century, although the major pathogens change from time to time

and in different places. In the 21st century most HAIs are due to

multiresistant organisms (MROs), mainly bacteria, but also, increas-

ingly, fungi. Antimicrobial resistance is also not a new problem but,

until recently, there always seemed tobenewdrugs available to treat

infections that had become resistant to older ones. This is no longer

the case and we are hearing more and more about infections for

which no available antimicrobials are effective – they are untrea-

table. This means that infection prevention and control (IPC) in

healthcare settings is becoming even more critical, to protect

patients from exposure and the risk of infection from resistant

pathogens. Reducing the all-too-frequent unnecessary or inappro-

priateuseof antimicrobials is equally urgent, becauseweknow it can

slow or even reverse the spread and spectrum of resistance.

It is difficult to explain to anyone, let alone to patients who are the

victims of serious HAIs, why healthcare professionals so frequently

fail toprotect patients byneglecting the simplemeasures– like hand

hygiene – that we know can prevent the spread ofmicrobes. It is not

only or necessarily the fault of individual healthcare workers or the

healthcare system, but a complex societal problem. Prevention is

alwaysmoredifficult to ‘sell’ than ‘cure’ andourhealthcare systems,

public expectations and hence healthcare budgets are focused on

cures and rescues. However, many of the medical and surgical

‘miracle’ cures and rescues developed over the past 20–50 years

– chemotherapy to cure leukaemia and prolong the lives of many

cancer patients; life-saving kidney, heart and lung transplantation;

prosthetic heart valves and joint replacements – carry associated

GuestEditorial
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high risks of infection and so depend on good IPC policies and the

availability of antibiotic and antifungal ‘safety nets’. They are now in

jeopardy because our IPC and antimicrobial prescribing practices

have been often inconsistent with the best policies and are now less

reliable.

So what are we to do about this? There have been many innovative

approaches to improving this situation, some of which have been

very successful. In Australia, the National Hand Hygiene Initiative,

sponsored by the Australian Commission on Safety and Quality in

Healthcare, has implemented standardised auditing and national

reporting, by all publichospitals, of compliancewith the ‘5Moments

of Hand Hygiene’, with improvement from an average of 64%,

overall, in 2009 to 77% in 2013. All States have implemented

mandatory reporting of certain ‘marker’ HAIs, of which health-

care-associated Staphylococcus aureus blood stream infections is

now publicly reported, along with hand hygiene compliance data,

by hospital, on the MyHospitals website. Public reporting is a

controversial and not necessarily very effective strategy for prevent-

ingHAIs, but it doeshave the effect of raising theprofile of IPC in the

minds of hospital administrators, which is the first step towards

improving local IPC practices and, hopefully, providing adequate

resources. It also highlights the need for surveillance of selected

HAIs and MROs, with microbiological support.

It is a truismthatwecan’t improvewhatwecan’t (ordon’t)measure.

We need to identify key indicators of the burden of HAIs and the

prevalence of MROs before we can hope to reduce them, monitor

the effectiveness of preventive programs and motivate front-line

clinicians to take responsibility for the safety of their patients. Many

clinicians believe that HAIs are rare; annual or quarterly statistics fail

to resonate; when a HAI occurs in their own patient many see them

as unavoidable collateral damage due to the patient’s underlying

condition, a failure of the ‘system’, and that there was nothing they

could have done to prevent it. Some regard colonisation withMROs

as unavoidable. Doctors have, legitimately, complained that micro-

biological results are generally too slow to guide logical choice of

antibiotic therapy in critically ill patients – and so they have devel-

oped bad prescribing habits to cover all bases.

Rapid diagnostics and susceptibility testing; carefully targeted,

relevant and rapidly reportedmicrobial surveillance data (including

strain typing for commonhospital pathogens); automated electron-

ic data management, reporting and decision support and monitor-

ing systems; and a better understanding of the epidemiology and

evolution of ‘hospital’ pathogens and antibiotic resistance – among

other things – can help to dispel these myths, motivate efforts to

reduce individual risks, limit outbreaks and improvemanagementof

hospital infections. But we also need a better understanding of the

complex and variedhealthcare ‘cultures’, personal andprofessional

relationships and environmental factors that determine how well

patients – and healthcare professionals – are protected, from the

very real risk of infection associated with healthcare. Any of us – or

our parents, children or friends – is a potential vector or victim of

infection and so it is in our interests to make it our business. In this

issue of Microbiology Australia we highlight current trends and

new developments in infection control and antimicrobial resistance

and hope you will find it stimulating and instructive.

Biographies
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Hospitals as amplifiers of infectious diseases

Lyn Gilbert

Centre for Infectious Disease and
Microbiology
Westmead Hospital
Marie Bashir Institute for Emerging
Infections and Biosecurity
University of Sydney
Tel: +61 2 9845 6252
Email: lyn.gilbert@sydney.edu.au

Institutions for the care of the sick and relief of the poor date

back at least to ancient Egypt and Greece. In Europe they

were generally run by religious communities (Fig. 1), until

theReformation, in the16–17thCentury,whenmanypassed

from Church, to secular control. ‘Modern’ hospitals, which

would become centres of medical innovation, research and

training, were first established during the Enlightenment,

in the 18th Century, funded by wealthy benefactors, specif-

ically for care of the sick.

These18thCenturyhospitalswereamixedblessing forpatients.The

life-threatening illnesses for which they were admitted were often

infectious diseases – of which smallpox was the most prominent

and feared – and hospital outbreaks were common. Specialised

‘smallpox’ –or, later, ‘fever’ –hospitals partly relieved the pressure,

but outbreaks of infectious diseases still occurred in the over-

crowded, dirty, verminous wards where patients often shared beds.

The lice that infested patients’ beds spread louse-borne typhus

(‘hospital’ fever) and outbreaks of dysentery and respiratory infec-

tions were common. As barber surgeons became more ambitious,

surgical sepsis and gangrene becamemore common, withmortality

rates, after amputations, up to 40%1. Women hoping for assistance

during childbirth were muchmore likely to die from childbed fever

in hospital than if they delivered at home2. Surgical sepsis and

childbed fever were recognised, by many practitioners, as epide-

miologically linkedandmuchmore likely tooccur inhospitals; some

had begun to suspect their own roles in transmission, despite the

prevailing belief in miasmas as the vectors of disease.

In 1789, the Scottish obstetrician Alexander Gordon, in A Treatise

on the Epidemic Puerperal Fever of Aberdeen, linked clusters of

childbed fever cases to certain doctors’ or midwives’ practices.

His assertion that these practitioners were spreading disease was

largely ignored for many years3, until, in 1843, the young Boston

physician, Oliver Wendall Holmes, presented a review of the liter-

ature, including Gordon’s treatise, and results of his extensive

correspondence with colleagues, entitled The Contagiousness of

Childbed Fever.His research revealed the widespread, often guilty,

suspicion among some doctors that they, themselves, were respon-

sible for the spread of childbed fever, between patients or from

bodies of dead patients, which they had recently dissected. Many

described their attempts to prevent this by strict ablutions and

changing clothes betweenpatients. ButHolmes statedpublicly that:

‘occurrence of three or more closely connected cases, in the

practice of one individual . . . is primâ facie evidence that he is the

vehicle of contagion’ andwhen his paperwas republished, in 18554,

it provoked abuse and scorn from several influential academics,

who could not countenance the possibility that a physician could

be responsible for transmission of disease.

Meanwhile, in 1847, another controversial physician/obstetrician

entered the fray. Ignaz Semmelweis was assistant lecturer at the first

obstetrical division of the Vienna General Hospital. He became

greatly concerned by the persistently much higher (up to 10-fold)

maternal mortality from childbed fever in the first, compared with

the second obstetrical division, although the only obvious differ-

ence between them was that the latter was staffed by midwives

and the former, by doctors and medical students. Semmelweis

spent months systematically investigating every conceivable expla-

nation, without success, until the death of his mentor – the pathol-

ogist, Jacob Kolletschka – provided a breakthrough. Kolletschka

had died from sepsis, following a scalpel wound sustained during

an autopsy; the pathological findings at his autopsy were essentially

similar to those of childbed fever victims. Semmelweis realised

that Kolletschka had died from ‘cadaverous material’ being intro-

duced into his wound. He reasoned that similar material was

the cause of childbed fever and ‘that the transmitting source

of the cadaver particles was . . . the hands of the students and

attending physicians’5, each of whom who performed several

autopsies a day and moved freely between the mortuary and

wards where they examined women in labour. Hand washing was

perfunctory and failed to remove the cadaverous smell6.

Semmelweis ordered his students and colleagues to wash their

hands in chloride of lime between the autopsy room and

examining patients. The next year (1848), the maternal mortality

in the first obstetrical division fell from more than 10% to an

unprecedented low of 1.2% – almost identical with that (1.3%) of

In Focus
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the second division6. The critical difference between divisions,

which Semmelweis had overlooked before, was that midwives did

not perform autopsies! Until many years after his death,

Semmelweis’ evidence-based hand hygiene practice was

misunderstood or angrily rejected by the medical establishment,

even after he belatedly published his findings, in 1861, in Die

Aetiologie, der Bergriff und die Prophylaxis des Kindbettfiebers

(The Etiology, the Concept and the Prevention of Puerperal Fever).

But Semmelweis’ strategy for implementing practice change was

far from ideal:

Insult your enemies, accuse your superiors of causing the deaths

of mothers... refuse to publish, but when you do so write

incomprehensibly, use public humiliation and haranguing to

change behaviour, and be arrogant and angry. This will not work

every time. . .7!

Fortunately, prevention of hospital-acquired infections did not

rest only with Semmelweis. Florence Nightingale reduced hospital

cross-infection by enforcing strict hygiene – clean linen (boiled to

destroy lice) for each patient; disposal of sewage; fresh-air ventila-

tion (Fig. 2)8. Joseph Lister, influenced by the work of Pasteur and

Kochon thegermtheoryofdisease, introducedantisepticprinciples

of surgery: use of carbolic acid spray in the operating theatre and

carbolic acid wound dressings to kill bacteria, with dramatic reduc-

tion in surgical sepsis9.

Figure 2. ‘Nightingale’-style open ward. Fairfield Infectious Diseases Hospital, Melbourne.

Figure 1. Triptych showing theHôtel Dieu in Paris, about ad 1500. The comparativelywell patients (on the right) were separated from the very ill (on the
left). http://commons.wikimedia.org/wiki/File:Hotel_Dieu_in_Paris_about_1500.gif (accessed 23 December 2013).

In Focus
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Despite these improvements, infectious diseases remained the

most common cause of premature death, until the first half of the

20th Century, when safe and effective vaccines and antibiotics were

developed. Together, they changed the course of medical (and

arguably global and military) history to such an extent that, in 1967,

the US Surgeon General, William Stewart, is reputed to have said:

‘It is time to close the book on infectious disease’. This widely held

view10 remained largely unchallenged until the 1980s when the

emergence of AIDS andother ‘new’ infectious diseases proved how

misguided it had been.

By then, hospital infections were no longer taken very seriously.

When outbreaks of virulent penicillin-resistant Staphylococcus au-

reus infection occurred in newborn nurseries in the 1950s, shortly

after penicillin was introduced, methicillin and its derivatives were

developed; when methicillin-resistant S. aureus first began to

spread inhospitals, in the1970s, vancomycinwasused11. Ampicillin,

then successive generations of cephalosporins, aminoglycosides

and carbapenems were introduced to manage infections due to

E. coli and other Gram-negative bacteria, as they became progres-

sively more resistant to one antibiotic after another or, more

commonly, to several different antibiotic classes simultaneously.

The emergence of multiresistant bacteria has been insidious, like

climate change, and warnings of ‘the end of the antibiotic era’were

often dismissed as alarmist – at least until recently, when the flow of

new antibiotics has largely dried up.

Viral infections also are amplified and spread in the hospital envi-

ronment. The importance of blood-borne viruses (BBV) only be-

came apparent in the 1970s, when hepatitis B virus (HBV) was

identified andoutbreaks ofHBV infection occurred amongpatients,

in which healthcare workers (HCW) were the source12. Serological

surveys showed that HCW, especially those frequently exposed to

blood, were several times more likely to have been infected with

HBV than the general population13. The HBV vaccine has virtually

eliminated the risk, but hepatitis C, HIV and other BBV remain

potential risks for HCWs and patients exposed to blood or blood

products in healthcare settings.

Meanwhile, hospital outbreaks of other vaccine preventable dis-

eases still occur, even in countries where immunisation uptake is

high. Measles, pertussis and varicella, introduced by an infected

HCW or patient, can cause serious, potentially fatal illness in highly

vulnerable patients; even a single mild case can cause major dis-

ruption, while contacts are traced and quarantined. The risk can be

reduced by mandatory HCW immunisation with routine childhood

vaccines, as introduced, with moderate success, in New South

Wales, in 200714. Also, regular hospital outbreaks of gastrointestinal

and respiratory viral infections, of which influenza is the most

serious, occur each year. Mandatory annual HCW influenza immu-

nisation remains controversial and logistically difficult, but voluntary

uptake is often poor15.

It is easy to dismiss the gradual increase in rates of healthcare-

associated infection (HAIs) due to multiresistant bacteria or regular

seasonal outbreaks of viral infection, as unavoidable collateral

damage inherent in modern hospital practice. But the estimated

burden of HAIs and the associated morbidity, mortality and excess

healthcare costs is huge: an estimated 1.7 million HAIs and 99,000

deaths at a cost of US$10–25 billion, in the USA, annually. Approx-

imately 50% or more of these HAIs are preventable16, using simple

measures, of which handhygiene – as advocatedwith relatively little

success by Semmelweis, but recently embraced by healthcare

authorities, worldwide17 – is the most important. Despite the

simplicity and logic of hand hygiene and massive international

efforts to facilitate and promote it, compliance by HCW remains

patchy and often inadequate. HAI prevention is an urgent ethical

issue, but it remains a relatively low priority in many countries,

including Australia, with increasingly expensive, sophisticated

healthcare systems.

Occasionally, unexpected events seriously challenge our compla-

cency. In February 2003, a Chinese doctor with a mysterious

respiratory illness checked into the Metropole Hotel, Hong Kong,

where he infected 12 people, who subsequently travelled to several

countries where they, in turn, infected another 350 people with a

disease that became known as severe acute respiratory syndrome

(SARS), due toanovel coronavirus.More than8000people (onefifth

of whom were HCW) were infected and nearly 800 died from SARS

before the outbreak was controlled. Two of the people infected at

the Metropole Hotel were Canadians. One, an elderly woman from

Toronto, died at home; her son, who became ill while caring for

her, was admitted to a Toronto hospital where, directly or indirectly,

he infected 84 people, including 37 HCWof whom three died. After

strict precautions were implemented18 the outbreaks appeared to

have been controlled and the Ontario government eased restric-

tions, under pressure because of serious disruption to medical

services, businesses and tourism. However, new cases had been

occurring, unrecognised, in anotherhospital and a secondepidemic

wave affected 118 people (including 64 HCWs), causing 17 deaths.

Overall, in Ontario, there were 375 cases (72% in healthcare set-

tings), including 44 deaths (Fig. 3). Thiswas in stark contrast towhat

occurred in British Columbia where there were only four proven

SARS cases and no deaths after the other Canadian, who had been

infected at the Metropole Hotel, was admitted to hospital in

Vancouver.

In Focus
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The SARS Commission, established in 2006 to investigate these

tragic events, revealed that in Toronto the index patient waited in

the busy EmergencyDepartment for 16 hours andwas not placed in

respiratory isolation until 21 hours after his arrival at the hospital.

The Commission described a poor worker safety culture, dissoci-

ated from infection control, anddescribed theOntario public health

system as ‘. . .broken, neglected, inadequate and dysfunctional’. In

contrast, British Columbia had a well-rehearsed pandemic plan,

awareness among HCW of infection control, including appropriate

use of N95 masks, and a proactive workplace regulator. However,

the Commission conceded:

No one foresaw the sudden emergence of an invisible unknown

disease with no diagnostic test, no diagnostic criteria, uncertain

symptoms, anunknownclinical course, . . . incubation period, . . .

duration of infectivity, . . . method of transmission. . .[etc.] . . . no

known treatment and no known vaccine19.

SARS should have been a wakeup call to healthcare organisations

everywhere. The events in Toronto could have occurred in any

hospital systemwith inadequate infection control emergency plans,

including many in Australia. It could happen again. In September

2012, thediscoverywas announcedof anewcoronavirus that caused

a SARS-like illness in humans – the Middle Eastern respiratory

syndrome (MERS) coronavirus. By November 2013, 175 confirmed

or probable cases had been reported, of which 97 resulted from

human-to-human transmission, including at least 60 in healthcare

settings20. Despite the lessons of SARS, healthcare settings will

continue to harbour and amplify established and, potentially, new

pathogens and the resistance genes by which they resist our

dwindling therapeutic arsenal, unless the whole healthcare com-

munity accepts themoral responsibility of protecting the patients in

our care.
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Clinical microbiology laboratories, whether in hospitals or

private institutions, have the important task of performing

antimicrobial susceptibility testing on significant bacterial

pathogens isolated from a variety of specimens. The aim of

all this testing is to detect possible emerging antimicrobial

drug resistance in unusual and common pathogens so that

infections are treated with the appropriate antibiotics.

Microbiologists and clinicians in hospitals are today more

dependent on results from in vitro susceptibility testing.

This signifies the importance of the diagnostic laboratory in

clinical medicine. Hospital laboratories have the responsi-

bility of reporting the antimicrobial agent(s) that are most

appropriate for the organism(s) isolated, for the site of

infection and the hospital pharmacy formulary.

Definitions used to describe antimicrobial

resistance in hospitals

Antimicrobial resistance is the capacity of bacteria to survive expo-

sure to a defined concentration of an antimicrobial substance1,2.

However, in hospitals antimicrobial resistance may have multiple

definitions according to the scientific discipline and the goals

involved3,4:

* Clinical definition: the bacteria survive an adequate treatment
with an antibiotic.

* Pharmacological definition: the bacteria survive a range of
concentrationsexpressing thevarious amountsof anantibiotic
present in the different compartments of the body when the
antibiotic is administered at the recommended dose.

* Microbiological and molecular definition: the bacteria have a
mechanismor gene that governs a higherminimum inhibitory
concentration (MIC) than the original or wild bacteria. In
hospitals this may become an infection control issue with
plasmid mediated resistant organisms and requires molecular
testing, for example, detection of various genes such asMecA
in Staphylococcus aureus, VanA or VanB genes in Entero-
coccus species, with carbapenemase resistance in Enterobac-
teriaceae family orPseudomonas specieswith thedetectionof
beta-lactamase resistant genes such as blaIMP/VIM, blaNDM,
blaKPC etc.

* Epidemiological definition: any group of bacterial strains that
can be distinguished from the normal (Gauss) distribution of
MIC(s) to an antibiotic.

In the past, for many clinical cases, hospital infections could be

treated empirically based on the medical microbiologist’s past

experiences. However, this has becomemore difficult recently with

the emergence of new unpredictable resistances both in hospital

and community patients. Empirical treatment continues to be
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effective for some bacterial pathogens since resistancemechanisms

have not yet been seen, for example, penicillin susceptibility of

Streptococcus pyogenes. Resistance to antimicrobial agents has

been detected in many other organisms1,2. Antibiotic standardised

susceptibility testing of individual isolates is important with species

that may possess both intrinsic and acquired resistance including

members of the Enterobacteriaceae family, Pseudomonas species,

Staphylococcus species, Enterococcus species and Streptococcus

pneumoniae2. New resistance phenotypes and genotypes are

rapidly emerging with various intrinsic and acquired mechanisms

among pathogens and even in some commensal organisms

(Figure 1)5. In health-care settings, the spread of resistant clones

can be rapid, becoming an infection control issue. Many studies also

indicate that in a hospital environment for survival purposes, for a

bacterium, it is better to be resistant than virulent6.

Antibiotic susceptibility testing methods used

in Australia

Data from the Royal College of Pathologists of Australasia Quality

AssuranceProgramMicrobiology (RCPAQAPMicrobiology) indicate

that many laboratories in Australia use a number of different

antibiotic susceptibility testing methods for various isolated organ-

isms that are potential pathogen to detect resistance7. Methods

range from rapid automated instruments that use commercial

materials and devices (Vitek Systems – bioMerieux or Phoenix –

BDDiagnostics) tomanualmethods that provide flexibility and cost

savings, such as disc diffusion and gradient diffusion methods, for

example, Etest (bioMerieux or AB BIODISK) or MICE (Thermo-

Fisher, Scientific)1. Results from the RCPAQAP Microbiology data

also show that inmany laboratories the testmethod used also varies

with the type of organism being tested and the site of isolation7.

Interpretation of antibiotic susceptibility test

results in Australia

Susceptibility tests results are usually interpreted by the laboratory

prior to releasing a report to the clinician or attending physician. In

Australia current data from the RCPAQAP Microbiology indicates

that three standardised susceptibility test methods are commonly

used when interpreting susceptibility tests based on a quantifiable

result either by disc zone sizes or MIC8. These three standardised

methods are:

(1) The American-based Clinical Laboratory Standard Institute
(CLSI, formerly NCCLS) method;

(2) The Australian-based Antibiotic Susceptibility Testing using
the CDS method (first published in 1975, the Seventh
Edition released in 2013)9; and

(3) The European Committee on Antimicrobial Susceptibility
Testing (EUCAST).

Most medical laboratories interpret susceptibility test using the

CLSI method (approximately 80%) followed by the CDS method

(approximately 16%) and a smaller number use EUCAST

Figure 1. Currentlywe recognise that antimicrobial resistance iswidespread in both the hospital and community environments.Modified and adapted
from Dr Joseph M Blondeau in STAT steps to Antimicrobial Therapy5.
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(approximately 3–4%); however, an update of this European

EUCAST method is increasing in Australia. The RCPAQAP Microbi-

ology accepts results from all three standardised methods when

enrolled in their external proficiency program. Enrolment in such a

program is amandatory requirement for those laboratories assessed

by the National Association of Testing Authorities (NATA) in Aus-

tralia. It is important that guidelines and tablesused for susceptibility

test interpretations represent the most current criteria for accurate

reporting.

Performance of antibiotic susceptibility test

methods in laboratories

In most laboratories in Australia (and some overseas), as shown in

Figure 2, the overall performance and accuracy of susceptibility

testing reporting is high for those laboratories enrolled the RCPA-

QAP Microbiology. In 2010 from 338 laboratories the mean perfor-

mance was 94.8%, in 2011 from 332 laboratories the mean was

95.8%, in 2012 from 320 laboratories the mean was 95.2% and in

2013 from 289 laboratories (not final as yet) the mean is approxi-

mately 97.1%7.Whenassessing the accuracy of various susceptibility

testing methods this is done by comparing results of a wild isolate

to a standardised isolate (e.g. ATCC strain) using guidelines

and recommendations of reporting of the specific standardised

method used (CLSI, CDS or EUCAST).

The emergence of new antimicrobial resistance mechanisms in

some organisms in hospitals and the community may be difficult

to detect with certain antibiotic susceptibility testing methods. In

hospitals the best examples are vancomycin heterogeneous or

intermediate susceptibility in S. aureus and low carbapenemase

resistance in some Gram-negative organisms. This means that

the performance of susceptibility devices needs to be constantly

reassessed and updated. Many laboratories supplement suscepti-

bility test results when required with additional testing methods

such as placing discs on agar plates in certain orientation to detect

extended-spectrum betalactamase (ESBL) or MBL (metallo-beta-

lactamase) mechanisms in Gram-negative organisms with specific

chemical inhibitory substrates (phenyl-boronic acid for AmpC,

clavulanic acid for ESBL, EDTA for MBL resistance detection) or

the inclusion of a screening agar as an indication of mechanisms of

resistance for infection control purposes.

In most hospitals due to infection control priorities, phenotypic

resistance is later confirmed by further using molecular testing in

certain organisms showing unusual resistance. It is important to

remember when usingmolecular methods to detect resistance that

phenotypic testmethods are based on antimicrobial activity (i.e. the

MIC) and breakpoints that predict a quantifiable susceptibility and

resistance, while genotypic testmethods are based on the detection

of a resistance gene (or its potential product) and are not quanti-

fiable and predict potential resistance not susceptibility6.

Future directions and current methods of

antibiotic susceptibility testing in hospitals

in Australia

Standardised antimicrobial susceptibility testing methods such as

CLSI, CDS or EUCAST provide reliable in vitro results when used
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Figure 2. Overall performance of susceptibility testing by laboratories
enrolled in the RCPAQAPMicrobiology from2010–2013 (2013 not final).
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according to the procedures defined, guidelines and recommenda-

tions. There is still a need for improvement in the area of rapid and

accurate detection of bacterial resistance to antibiotics. Many

hospitals with rapid identification of the bacterial isolate using

matrix-assisted laser desorption/ionisation-time of flight mass spec-

trometry (MALDI-TOF MS) are tempted to perform a susceptibility

test directly on the clinical specimens from a patient; this has the

potential to save24hours in theprovisionof a result.However, there

is no guarantee that the correct inoculum is used and thismay result

in a wrong susceptibility result. While many laboratories perform

direct sensitivity from blood cultures, the result should be used as a

presumptive guide for critical value in patient management and

repeated using the correct inoculum after organism isolation. Some

reference methods (such as the CDS method) allow acceptable

direct susceptibility testing in urine only using a standardised

procedure as described in theirmanual9. Somehospital laboratories

use molecular methods to detect acquired plasmid mediated resis-

tance or other resistance mechanisms on isolated organisms for

infection control purposes; however, when attempted on direct

clinical specimen there are hundreds of beta-lactamases, numerous

mutations, acquisitions and expression mechanisms that result in

many resistances and targeting an individual resistance mechanism

is a problem1. Genome sequencing of isolates is fruitful in some

instances and appears to work well for some laboratories that have

access to such technology, but to add tomyprevious discussion, the

detection of a gene or its product is not a quantifiable MIC and

may (or may not) predict resistance not certain susceptibility or

expression10.

Conclusion

In hospitals, a variety of laboratorymethods can be used tomeasure

the in vitro susceptibility of bacteria to antimicrobial agents. Stan-

dardised antibiotic susceptibility testingmethods such as CLSI, CDS

and EUCAST as phenotypic references indicate susceptibility and

resistance of bacterial isolates. This will continue to be clinically

important for years to come with the emergence of new unpredict-

able antimicrobial resistances. RCPAQAP Microbiology offers many

laboratories an external susceptibility performance program were

results can be compared with other participants and accuracy

determined by using different standardised methods. The aim of

theprogram is to assess the reliability of susceptibilitymethodsused

by participating laboratories and thereby promote a high standard

of laboratory practice. The program is available to all laboratories in

Australia, New Zealand and other countries7.
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The control of multiresistant organisms (MROs) is made

difficult by a large reservoir of unrecognised, asymptomatic

colonised patients. Hence, active screening is generally used

as part of a multifaceted infection control intervention.

Active screening for multiresistant Gram-negative bacteria

(MRGNB) involves collection of screening specimens from

patientswith relevant risk factors. Positive resultsmay result

in institution of contact precautions, cohorting of patients

and enhanced cleaning and surveillance. Active decolonisa-

tion is used for some Gram-positive bacteria (e.g. Staphylo-

coccus aureus) but is not thought effective for Gram-

negative bacteria, especially those in which resistance is

highly transmissible (e.g. plasmid-borne). Accurate and rap-

id identification of positive specimens allows prompt inter-

vention to interrupt the transmission cycle, and exclusion of

MRO colonisation reduces the adverse impact on patient

care and hospital workflow. Knowledge of MRO status may

also improve the appropriateness of empiric antibiotic

prescribing1.

For MRGNB the ratio of colonised to infected patients has been

estimated at ~8:1 for extended spectrum beta-lactamases2 and 9:1

for carbapenem-resistant Enterobacteriaceae (CRE)3. In addition to

this, the very mechanism by which antibiotic resistance is trans-

ferredbetweencommonspecies likeEscherichiacoli andKlebsiella

pneumoniae is such that resistance acquisition can be highly

variable in phenotype and often relatively ‘silent’4. Antibiotic

susceptible organisms can acquire resistance mechanisms very

quickly5, so that the potential for acquisition by gene transfer is

itself an important risk to understand.

The most appropriate specimen type for screening of MRGNBs

depends on the organism’s likely habitat on the human body or

clinical environment. Thus, themost sensitive specimens for detect-

ing Enterobacteriaceae may be rectal swab, peri-rectal swab or

faeces, but wounds and respiratory samples and even environmen-

tal sampling (sinks, drains, surfaces) may bemore important for the

control of outbreaks due to organisms such as Pseudomonas or

Acinetobacter6.

Increased specimen volume and a higher MRO faecal density both

increase yield of screening7,8. For this reason faecal samples may

perform better than rectal swabs9, although the latter is more

practical. Using more than one screening specimen or specimen

type may increase sensitivity6, but again for practical purposes one

specimen isusual.Concurrent antibioticusehasa variable impacton

MRO faecal density10 but logic dictates that detection of a reservoir

of resistance is more likely in the presence of relevant selection

pressure.

Active screening specimens may be processed in the laboratory

using phenotypic (culture based) or direct genotypic (amplification

and detection of bacterial DNA) methods. There is no consensus as

to the optimal laboratory processingmethod but factors that should

be considered are local molecular epidemiology (including the

likely minimum inhibitory concentration (MIC) of relevant antibio-

tics against target isolates), availability of expertise and equipment,

cost, capacity for integration into laboratory workflow and test

performance including sensitivity, specificity, limit of detection and

turnaround time. Currently, phenotypic methods are more widely

used, althoughwe anticipate that with advances in automation, data
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processing and reductions in cost these will be replaced by geno-

typic methods in the future. The main advantages of genotypic

methods are shorter achievable turnaround times (and potential for

point-of-care testing), improved sensitivity and reduced need for

human resources. Potential disadvantages of genotypic methods

include higher costs, a need for expertise/complex equipment and

the lack of an isolate for susceptibility testing or typing if using direct

screening without culture.

Regardless of which screeningmethod (phenotypic or genotypic) is

used for detecting transmissible antibiotic resistance, one must

accept a trade-off between (a) the risk of overlap between the

highest naturally occurring MIC of wild-type organisms (that is,

those without the targeted resistance) and those with a low MIC in

the presence of a relevant mechanism, especially one that is readily

transmissible to an organism in which it facilitates high levels of

resistance and (b) the failure to identify a newor variantmechanism.

This is illustrated by theoverlapping ceftazidimeMICsof localE. coli

populations with common transmissible ESBL genes (Figure 1).

We will now use the example of CRE to examine the spectrum of

active screening options. CRE are currently infrequent in Australia;

in the 2011 AGAR study of hospital-acquired Enterobacteriaceae,

eight of 2633 isolates possessed a carbapenemase11. However,

recent importation of blaNDM
12 and blaOXA-48

13 and the develop-

ment of endemic CRE in Australia (primarily blaIMP-4)
14 prompted

the Australian Commission on Safety and Quality in Health Care to

release national guidelines recommending active screening for

CRE15. This document suggests screening high-risk patients using

a rectal swab, peri-rectal swab or faeces with or without a swab from

open wounds or urinary catheter specimens.

These specimens may be processed using a variety of phenotypic

methods that have a turnaround time of 24–48 h. Inhouse methods

include a MacConkey plate impregnated with meropenem

(1 ug/mL) or the ‘CDC Method’16, which involves inoculation of

TSB broth containing a 10mg meropenem disc, then subculture

the next day onto MacConkey agar. Although cheap and readily

available, these methods do not perform as well as commercial

chromagars17. At the time of writing, only three commercial chro-

magars designed specifically for CRE detection were available in

Australia, all of which contain proprietary ingredients and cost

approximately $3–4 per plate. Comparative studies are hampered

by a lack of an agreed gold standard but commercial chromagars

appear to be highly specific and have reasonable sensitivity17. A new

agarmediumnot yetwidely available, known as SuperCarba,may be

a promising alternative18. Sensitivity of screening agars is less for

isolates with a lower carbapenem MIC19. Phenotypic screens may

be made more sensitive by deploying low-level screening cut-offs,

although the latter needs understanding of other contributive

factors that are more important in some organisms than others

(Figure 2). For example, itwould bemost appropriate to screenwith

a low antibiotic concentration for a highly transmissible resistance

plasmid with commonly low MICs in an organism like E. coli (e.g.

typical plasmids carrying blaIMP, blaNDM) but a resistance gene with

limited capacity to move beyond the host bacterial species (e.g.

blaOXA-23 in Acinetobacter baumannii) might be more efficiently

screened using a much higher antibiotic concentration. Screening

with meropenem 1 mg/mL is almost certainly too high in E. coli;

a cut-off of meropenem or ertapenem �0.5mg/mL has been

recommended20.

The cefotaxime epidemiological cut-off (ECOFF) of 0.25mg/mL

appears to be reliable for metallo-betalactamases and blaKPC and

canalsobeexpected toadditionally identifyplasmidAmpCandESBL

gene carriage. For emerging blaOXA-48/-121-containing strains
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Figure 1. Natural distribution of antibiotic resistance due to extended
spectrum beta-lactamases. The ecological cut-off value (ECOFF)
for ceftazidime (CAZ) separates EUCAST and local Australian control
isolates from those with blaCTX-M genes (e.g. blaCTX-M-14, the dominant
member of the group 9 genes and blaCTX-M-15, the dominant CAZ-
resistance group 1 gene). ECOFF, MIC �0.5mg/L; susceptibility
breakpoint, �1mg/L; resistance breakpoint, >4mg/L (dashed lines).
[Unpubl. data, Xiaoman Ai/Alicia Fajardo Lubian.]
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Figure 2. The same resistance gene is associated with different
phenotypes. An organism with an antibiotic resistance gene (R) may
be more resistant if it is less permeable to that antibiotic or can pump it
out (see article by Abbott and Peleg, in this issue).
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reported cefotaxime MICs are lower21. Although ESBLs are not

uncommon accompaniments, there is no strong genetic link to

blaOXA-48
22 so that active screening with cefotaxime only may not

suffice. An alternative approach with piperacillin/tazobactam and

temocillin discs for screening of suspected isolates appeared effec-

tive in a large recent European study23. Regardless of the culture-

based method being used, laboratories should evaluate test perfor-

mance in their local setting using clinical specimens and/or stored

genotypically confirmed CRE isolates.

Genotypic screening may be conducted by manual or semiauto-

mated nucleic acid test methods such as PCR, gene probe, or some

combination or variation of these, either direct or following an

antibiotic-containing growth step, as above. Several direct methods

are practical for laboratories with basic molecular biological exper-

tise (Table 1), but rely on either a known target or at least an

understandingof the likelymechanism.These canbebetter focused

by the judicious use of phenotypic screens, including specific

detection of relevant (e.g. carbapenem hydrolysis) activity such as

the NP Carba test24.

Genotypic screens (even direct PCR) can have high predictive value

if informed by local epidemiology. The negative predictive value of

genetic testing for resistance to aminoglycosides and/ormajor beta-

lactams can be greater than 99.5% in a country like Australia with

relatively low pre-test probability25, but the optimal frequency with

which this must be surveyed and the applicability of this approach

in other countries, including high-prevalence settings, remains to

be tested.

In summary,whenused alongsideother infection controlmeasures,

active screening is a useful tool that may assist with limiting the

spread of MRGNBs. There is no consensus as to the optimal

laboratory processing method, although genotypic methods are

likely to become the most frequently used in the future. An under-

standing of local molecular epidemiology and MICs will assist

laboratories in selecting the most appropriate screening assay for

their setting.
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This paper provides an overview of the history of epidemi-

ological activities in Australia at state and national levels to

monitor healthcare-associated infections (HAIs), an exami-

nation of the pitfalls of surveillance as an epidemiological

design for causality of HAIs and the attempts at correcting

them, theeaseofwebaccess for informationabout statewide

programs and reports and a look into the future of HAI

epidemiology.

History of the epidemiology of HAI in Australia

I never guess, it is a shocking habit, destructive to the logical
faculty. Sherlock Holmes in the Sign of Four.

The epidemiology of causal organisms for HAI in Australia would

have been unknown until Phyllis Rountree’s first analysis of the

distribution of Staphylococcus aureus susceptibility patterns in a

joint publication in 19471. In 2000, laboratories commenced pro-

viding annual samples of Staphylococcus aureus isolates, from

inpatients andoutpatients, to theAustralianGroup forAntimicrobial

Resistance (AGAR) to establish theproportion thatweremethicillin-

sensitive Staphylococcus aureus (MSSA) and methicillin-resistant

Staphylococcus aureus (MRSA) and their antibiograms2. The epi-

demiology of Clostridium difficile (CDI) in Australian hospital

patients was first described in 19833 and surveillance and reporting

is now mandatory for public hospitals.

The first national epidemiological study of the magnitude of all

types of HAIs in 28,643 patients from 269 public hospitals was

undertaken in 1984 using international standardised definitions4.

Thereafter, and for more than a decade, our understanding of

the epidemiology of HAIs in Australia remained a tightly guarded

secret within individual hospitals. The New South Wales (NSW)

Department of Health commissioned the first attempt at a

statewide surveillance program using internationally standardised

definitions in 1998 and pilot testing continued until 20005. Over

the next few years individual statewide programs were established:

Queensland (QLD)6 in 2000; Victoria (VIC)7 in 2002; and Western

Australia (WA)8 with voluntary surveillance in 2005 and mandatory

surveillance in 2007. The Northern Territory (NT) has been

conducting healthcare-associated Staphylococcus aureus blood-

stream infection (SABSI) and selective surgical site infection (SSI)

surveillance, informally, for the past 20 years at the hospital level

and, recently, data have been provided to NT Health (personal

communication, Tain Gardiner, NTHealth). Onlymajor hospitals in

South Australia (SA) have been reporting healthcare-associated

bloodstream infections (BSI) and clinically significantMRSA isolates

since 1997 and recently activities have been expanded statewide

with the addition of selected SSI and central line-associated bacter-

aemia (CLABSI)9. Then in 2009 national surveillance commenced

with the establishment of theAustralianCommission forQuality and

Safety in Healthcare (ACQSH), which mandated that all public

hospitals report incidence of SABSI, and in 2011 required data to

include CDI and CLABSI10.

The current state-based surveillance programs (Table 1) illustrate

the commonalities across the individually focused programs that

address their specific patient risk groups. Definitions that use

Key messages
(1) Surveillance is not designed to establish causality. It is an

appropriate design to flag the magnitude of healthcare-
associated infections (HAIs) when correct analysis is applied
to the data.

(2) The distributions of rare events like HAIs are often over-
dispersed and difficult to predict. Reports should
include monthly and quarterly HAI counts presented in
charts only and annual HAI reported as rates. Use funnel
plots for comparing annual performance between different
size facilities. Establish thresholds from Poisson or negative
binomial regression models.

(3) An alternative to HAI surveillance is HAI-related process
surveillance such as surveillance of the important elements
of infection prevention bundles.

(4) There should be an Internet data repository for online data
analysis with public access to HAI data.

(5) The public should have access to a single source for national
and state reports.
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Table 1. Components of healthcare associated infection surveillance in public healthcare facilities by State and Territories.

Surveillance module NSW VIC QLD WA TAS SA NT

Surgical site infections NR

Colon �

Vascular �

CABG � � � �

Hip – arthroplasty, replacement, partial, total, revision � � � � � �

Knee – arthroplasty, replacement, partial, total, revision � � � � � �

Classical or lower segment caesarian section � � � �

Abdominal hysterectomy � �

Arteriovenous graft �

Hernia repair � �

Sentinel procedures but not aggregated �

Factors for risk adjustment

Superficial and deep/organ space infection � � � � � �

Wound class � � � � � �

ASA score � � � � �

Pre-operative length of stay � �

Prophylaxis given � � � �

Duration procedure (‘minutes’ from skin incision to
primary closure and/or ‘within 1 h of recommended time’)

� � � � �

Duration procedure >3 h with/without prophylaxis �

Intensive care unit (ICU)

Permanent central line �

Adult CLABSI � � � � � �

Neonatal CLABSI � �

Other catheters � �

MRO (at least 1) acquired in ICU � �

MRSA acquired in ICU � � � �

Ward

CLABSI �

Peripheral venous catheters infection � � �

Peripheral venous catheters removal within 96hrs � �

Peripheral venous catheters sterile dressing �

Catheter associated urinary tract infection � 2014

Dialysis associated infections � � SABSI

Hospital wide infection

MRSA � � � � �

Multiple resistant organisms (>1) � � � VRE � �

Bloodstream infections � � � �

Staphylococcus aureus bloodstream infectionA � � � � � � �

Clostridium difficileA � � � � � � �

National Antibiotic Utilisation Surveillance Program
(NAUSP)

� � �

Hand Hygiene complianceA � � � � � � �

Percutaneous and non-percutaneous injuries � � �

AACQSHC mandatory indicator.
Hospitals in the Northern Territory undertake SSI and these will form a statewide program in 2014.
NR=SSI are not currently collated for statewide analysis and report.
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different time to onset for deep/organ space SSI and the questions

about theability for auditors toapply thecurrentCLABSIdefinition11

to achieve a standardised case definition may influence the validity

of between hospital comparisons nationally. The pitfall of the

CLABSI definition is associated with one of the criteria for inter-

preting a positive blood culture as significant, namely: ‘a common

skin contaminant is cultured from at least 1 blood sample, and the

physician institutes appropriate antimicrobial therapy’; this places

undue weight on the clinician’s diagnosis in the presence of an

ambiguous blood culture result. I suspect if refunding the costs

associated with CLABSIs from public hospitals is withdrawn as it has

been in the United States and national antibiotic stewardship is

implemented there will be a reduction in the influence of this

criterion. Standardisation of case definitions and case detection

across Australia is not insurmountable and, even without improve-

ments to HAI definitions, national surveillance could commence

immediately if a moratorium on state comparison was introduced

during the initial phasing of data sharing.

However, more important hurdles for a meaningful national sur-

veillance program include the lack of collection of important ex-

trinsic and intrinsic determinants that may act as confounders,

representative patient sampling and improved analysis. Without

improvements to surveillance the data should not be used to point

to differences between hospitals, as there are inherent pitfalls to

surveillance.

Pitfalls of HAI surveillance

Information is not knowledge. Albert Einstein, Physicist.

In the words of the ACQSH – surveillance is undertaken with a

certainty that with mandatory and ‘authoritative’ analysis, one can

make comparisons between hospitals of similar level and provide

‘an evidence-based’ with which to direct ‘public health action for

better health outcomes’10. Yet, epidemiologists understand that

surveillance may not provide information that is sufficiently robust

to enable sound comparisons between quarterly surveillance

reports even within a single hospital or evidence of causation.

Surveillance is a basic study design that can only flag the possibility

of change. In fact change may be due to random fluctuation rather

than a true increase or decrease in the epidemiology of HAI. To

understand the limitations of the results we will examine the

epidemiological pitfalls of surveillance.

Historically, epidemiology was developed for and by public health

professionals to study common disease distribution and causes of

diseases in the population. Surveillance is a lesser epidemiological

design tomeasure the changes in the trends of a disease in the total

population or sentinel groups12. Healthcare facilities may passively

survey their patient populations for multiresistant organisms

(MROs), such MRSA or vancomycin-resistant enterococci (VRE) or

key HAIs, such as SABSI or CDI and many others, via positive

laboratory results reported by pathology. In the main, healthcare

facilities undertake sentinel surveillance where the same surgical

procedure or at-risk groups are used to establish trends in rates of

specific HAI such as SSI associated with total knee or hip replace-

ment or coronary artery bypass graft (CABG) surgery. Surveillance

for HAI can be undertaken periodically, but to improve the level of

evidence about trends it is preferable to use continuous surveil-

lance. A pitfall of sentinel surveillance in healthcare facilities is the

following of different patients over different time periods to estab-

lish changes in rates between reporting quarters without collecting

data to establish whether the change in rates is associated with a

change in the intrinsic (patient) determinant or the extrinsic (hos-

pital) determinant (risk factors) for infection.This lackof concurrent

measurement of intrinsic determinants is a distinguishing and

limiting feature of the current approach to surveillance of HAI.

Nonetheless, the strength of the surveillance design is its simplicity

and its use of: (i) a standardised method for data collection; (ii)

reliable and standardised definitions (often using diagnostic test

results that increase the validity of a case); and (iii) the collection of

few variables (the variable of interest and one or two risk factors).

The ranking of study designs for the ability to provide high-level

evidence for causation has been painstakingly evaluated for the

effect of common methodological shortfalls associated with each

epidemiological study design13. Surveillance does not rank as a

study design for testing associations between potential determi-

nantsof infections and theoutcomeof infection. Surveillancedesign

is referred to as anobservational study design, and as such shouldbe

principally used to measure changes in magnitude of infection not

cause and, as such, indicates the potential for trends in the trans-

mission patterns of HAI when undertaken in similar patient groups

who experience similar exposures to intrinsic and extrinsic deter-

minants of infection over the surveillance periods being compared.

Study design for causality

When examining the complex association of causality for HAI,

higher level study designs (experimental designs including rando-

mised control trial and pseudo randomised control trial) will pro-

duce estimates of association with a higher degree of certainty than

estimates produced from lesser designs (observational designs

including non randomised control trials, cohort, case-control and

interrupted time series with a control group). The higher-level

designs attempt to a priori or anteriorly control for the effect of
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confounding (a distortion of the estimates of HAI by other causal

or proxy causal factors) during the enrolment and randomisation

of patients. The lesser designs, especially surveillance and time

series are mostly reliant on a posteriori testing for the presence of

confounders and attempt to adjust for confounding during analysis.

Consider a select patient group under routine surveillance, for

example, patients undergoing a CABG procedure, of whom a

proportionmayhave diabetes. There are three rules of confounding

(Fig. 1) and confounding (from the effect of diabetes)will distort the

risk estimates of HAI if: (i) patients with uncontrolled diabetes are

unequally distributed into the extrinsic determinant group (e.g.

surgeons or surveillance periods); (ii) uncontrolled diabetes has a

direct causal link with HAI or is a proxy risk factor for HAI; and

(iii) uncontrolleddiabetes is not adeterminantof interest. Theeffect

of uncontrolled diabetes, during CABG procedures, on the rate of

HAI will not be controlled with a posterior stratification if uncon-

trolled diabetes status is not collected.

How is confounding controlled and is this

approach appropriate for Australia?

Not everything that can be counted counts, and not every-
thing that counts can be counted. Albert Einstein, Physicist.

Thepotential for uncontrolled confounding is a fundamental design

flaw of all observational designs including surveillance. A priori

control of confoundingoccurs during randomisation and is superior

to a posteriori attempts to control confounding during analysis.

A posteriori control through analysis is undertaken for only those

potential confounders collected along with the primary risk factors,

for example, type of procedure. Stratifying HAI rates by National

Nosocomial Infections Surveillance (NNIS) Risk Index score14 was

anaposteriori attempt to adjust for the effect of American Society of

Anesthesiologists (ASA) scorei, duration of procedure and degreeof

contamination.

Controlling for the three NNIS risk index factors14 in SSI rates has

had varying success in Australia5,15–17. Extended duration of proce-

dure, ahighASAscoreandcontaminationof the surgical sitemustbe

common enough, across surgical patients to enable successful

discrimination of different HAI rates between the three NNIS risk

levels.During thefirst pilot testingof standardiseddefinition inNSW

in the late1990s thedifferentNNIS risk indices lackeddiscrimination

for many procedures and it was determined that the burden of

collecting these data was not warranted5. The inability for duration

ofprocedurepast the75thpercentile andASAscores todiscriminate

risk was due to the homogeneity of these factors across many

procedures5,15–17. The duration of procedure established by NNIS

were longer in NSW for some procedures (e.g. CABG), and shorter

for others (e.g. knee replacement). Colorectal surgery was the only

procedurewhere the SSI ratewas significantly influencedby the risk

factors that contribute to theNNISRisk Index5. The variableplanned

versus emergency/unplanned also did not discriminate risk differ-

ences. The NNIS index did not discriminate risk well for commonly

surveyed procedures collected for the QLD surveillance program,

such as partial hip, revision total hip, total knee, revision total

knee replacements, femoro-popliteal bypass graft and CABG17.

Figure 1. The three rules for confounding for the outcome of interest.

iAmerican Society of Anesthesiologists (ASA) Score is a global score that assesses the physical status of patients before surgery.
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An unknown proportion of HAI will always be due to unaccounted

confounding. One reason for the variability of success in

controlling confounding is that Australian patients are served by

small to medium-size healthcare facilities. As such, the samples of

surgical procedures are small, preventing successful controlling of

confounders.

In 2009 the National Healthcare Safety Network (NHSN) surveil-

lance systemmoved from stratifying HAI data by specific risk wards

and by the NNIS index to providing standardised infection rates

(SIR) for deep/organ space SSI andCLABSI18. SSI SIRs are calculated

for procedures using multiple logistic regression models for each

procedure using the observed number of HAIs and the predicted

number of infections in all facilities for the reporting period while

adjusting for multiple key risk factors for the specific procedure.

A SSI SIR >1 indicates more infections are observed than expected.

Control for confoundingusingmultiple regression analysiswasused

back in 1984 but this was a one-off project and applied to a large

dataset4. The SSI SIR approach is a further extensionof theNNIS risk

factors specific to procedure: age, gender, trauma, bodymass index

(BMI), anesthesia, ASA score, duration of procedure, endoscope,

medical school affiliation, hospital bed size, wound class and emer-

gency. Procedures not included in the SSI SIR are those where

duration is <5 minutes or extensively prolonged (75th percentile in

minutes + [five times the interquartile range in minutes]) suggest-

ing that either intrinsic or extrinsic risks are uncontrollable during

the procedure and HAI may not be preventable. The benefit of

collecting a similarly extensive number of potential confounders

may not be warranted in Australia.

When is confounding not controlled?

Controlling bymodelling or stratifying infection rates by specific risk

determinants for each procedure will not provide rates that dis-

criminate between different patient groups if the procedure is

performed infrequently and the expected probability of infection

is low. Adjusting multiple confounders, such as the NNIS risk index

or NHSN approach, is not appropriate for individual hospitals

because a local dataset for a quarterly reporting period will never

be sufficiently large to result inmeaningful rates. At the local hospital

level HAI are count data and frequency varies greatly (referred to as

overdisperison) within a single month. Individual healthcare facil-

ities, collecting data for surgical procedures associated with low SSI

rates that are infrequently performed, cannot reliably produce a

rate; if the 95% confidence intervals (CI) around the SSI rate include

estimates that span below and above the threshold, the rate

should be considered unreliable. For example, the SSI threshold

of <1% for cardiovascular procedures – the SSI rate (0.97%, 95% CI

0.38–2.5%) established for 400 procedures over 3 months – is

unreliable. The margin of error reflected in the 95% CI spans below

and above the <1% threshold. Consequently, small samples for

procedures with low SSI rates should not be estimated more

frequently than annually at the individual hospital level.

The aim of surveillance data is primarily to indicate the possibility

of a problem; however, the current method of aggregating all

catheter-days to establish a single rate for CLABSI has a major

methodological pitfall19. The majority of CLABSIs develop in

patients with dwell time >9 days, whereas the majority of patients

are admitted to NSW intensive care units for <9 days19. This means

that the CLABSI rate as currently estimated will not reflect the

epidemiology in the majority of low risk patients. Consequently,

the rate cannot reflect the magnitude of infection in a small

proportion of high-risk patients whose dwell time is >9 days and

are the major contributors to the CLABSI rate. To develop appro-

priate infection prevention strategies for high-risk patients, rates

for prolonged dwell-times must be separated from the close to

zero rate associated with shorter dwell-times20.

Analyses for count data

The goal is to turn data into information, and information
into insight. Carly Fiorina, Former CEO of Hewlett-Packard.

The problem of unreliable information on HAI obtained from

small samplesmay be compoundedby the application of parametric

statistics to overdispersed data that renders comparisons between

the quarterly report and an annual rate within the facility useless.

Small but real changes in the HAI rate over a quarter may bemissed

or increases in HAI may be due to random fluctuation. When count

data are overdispersed, such as for catheter-associated urinary tract

infection (CAUTI), CLABSI, ventilator-associated pneumonia (VAP)

or SABSI, and comparisons are made using small samples against a

national threshold, then the appropriate approach may be zero-

inflated models (for datasets with excessive zeros because most

patients do not acquire a HAI), negative binomial or Poisson

regression models using patient- or device-days or total number of

procedures as the offset or denominator variable21. Monthly and

quarterly counts of HAI should be plotted using methods that

‘smooth out’ excessive rate fluctuations, such as cumulative sum

(CUSUM) control charts for SSI and Shewhart control chart or

exponentially weighted moving average (EWMA) for bloodstream

infections and MROs22. When comparing rates between different

size healthcare facilities use analyses that are less reactive to random

fluctuation, such as funnel plots or Bayesian analysis23.
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Reportingof infrequentlyperformedprocedures andoverdispersed

countsof anyHAI should: (i) include95%CI to illustratewhether the

margin of error includes estimates that are below and above the

threshold and, when this occurs; (ii) only calculate annual rates;

(iii) attempt annual comparisons of HAI against other institutions

using funnel plots; (iv) for quarterly analysis plot the counts of SSI,

bloodstream infections and MROs on charts with a pre-determined

threshold established from abinomial or Poissonmodel or a chosen

hospital target as the threshold; and (v) for longitudinal compar-

isons use Poisson, or negative binomial regression models.

Quarterly charts and annual rates with 95% CI should only be used

to indicate or flag the possibility of changes in incidence to hospital

boards. Visual displays, charts, of rare events against a realistic

threshold will provide better insight than an unreliable rate.

Process surveillance

For facilities where surgical procedures are performed infrequently,

device utilisation rate is low or collecting data on potential con-

founders is difficult, then process surveillance is appropriate

(personal experience as World Health Organization Advisor to

China andMalaysia). Process surveillance– for example, pre-surgical

or urinary catheter device prophylaxis and early removal of intra-

vascular devices – provide information that allows for immediate

correction with an immediate and direct impact on HAI. Given the

success of bundling infection control strategies24,25 for rare HAIs,

process surveillance associated with the implementation of the

individual elements of the bundle, could be an alternative to

measuring a rare HAI. Surveillance of process indictors also

becomes more attractive than HAI surveillance as length of stay

decreases with a concomitant increase in developing HAI post-

discharge rather than during hospitalisation. Currently, hand

hygiene compliance rates (www.Myhospital.gov.au) are viewed as

having a direct causal link with the level of SABSI but should be

thought of as a patient safety process indicator until the reliability of

both SABSI and hand hygiene data improve enough to enable a

strong causal link to be proven26.

Access to HAI rates

Support for public access to publically funded data collection is not

disputed in Australia27. Yet, without knowing the exactweb address,

accessing the correct website for state surveillance programs

(Table 1) and reports was difficult for all programs with the excep-

tion of Victoria, which has a dedicated website and impressive

readily accessible reports. Queensland’s surveillance program was

readily located but reports, with the exception of SABSI, were not.

The current websites for surveillance programs and reports are:

* Victoria: http://www.vicniss.org.au/
* Queensland: http://www.health.qld.gov.au/chrisp/
* NSW: http://www.health.nsw.gov.au/professionals/hai/Pages/de-
fault.aspx

* Western Australia: https://mail.unsw.edu.au/owa/redir.aspx?C=Q
W6_v44eh0eenPAt0sMtD3fIiIqBy9AIPwxj0sWVJOk7lBtimNCOrY
krusHCtCZZVE9hMvY5fSs.&URL=http%3a%2f%2fwww.public.
health.wa.gov.au%2f3%2f455%2f2%2freports_healthcare_asso
ciated_infection_unit.pm

* South Australia: http://www.health.sa.gov.au/INFECTIONCON-
TROL/Default.aspx?tabid=147

* Tasmania: http://www.dhhs.tas.gov.au/peh/tasmanian_infection_
prevention_and_control_unit

* NorthernTerritoryDepartmentofHealth: doesnot currently have
a dedicated HAI surveillance website.

Data should be readily accessible to researchers, academics and the

public. The MyHospital website provides SABSI and hand hygiene

compliance data for individual healthcare facilities. However, data

have been aggregated and are not available as numerator and

denominator data for calculating a margin of error for each rate

(i.e. to estimate reliability). Interested parties must access each

hospital and thewebsitedoesnotprovide stateor areahealth service

level data.

An epidemiological wish list for the future

Whenwehave all data online it will be great for humanity. It
is a prerequisite to solving many problems that humankind
faces. Robert Cailliau, Belgian informatics engineer and com-
puter scientist and co-developer of the World Wide Web.

Electronic banking is here andhasbeen, in themain, safe. Encrypted

internet databases would bring the future of data sharing between

hospitals closer. HAI data should be deposited monthly via

encrypted internet transfer to a central database for standardised

analysis and rapid feedback. Automated online real-time charts and

intra- and inter-hospital comparisons using analysis for overdis-

persed count data would remove the need for hospital epidemiol-

ogist statisticians.

Public hospital HAI data have been collected with public funding.

Thecost of data collectionwithinprivatehospitals is passedonto the

consumer. Therefore, ethics dictate that there must be a central

repository providing quarterly and annual data (in the form of

numerators and denominators) available at anytime to the public

who pay for the data collection. The future challenge formeaningful

HAI epidemiology will be in its adaption to shorter length of stay,

hospital in the home, over-representation of the elderly and the

comorbidities associated with living longer. Geospatial mapping,

used in the study of human movement, defense, environmental

science, parasitology and many other applications, could one day

assist infection prevention staff to visualise and locate hotspots of
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HAI. Future HAI surveillance will benefit from greater input from a

variety of professions bringing together new methods of data

collection and analysis.
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Fomites are inanimate objects in the environment that can

become contaminated with pathogenic microorganisms,

facilitating their transfer from one patient or surface to

another. Understanding how pathogens are spread in the

environment and terminating the spread is important for

controlling nosocomial outbreaks.

Healthcare-associated infections (HAI) are associated with excess

morbidity, mortality and healthcare costs1. The quality of infection

control practices, environmental cleaning, understaffing, over-

crowding and poor healthcare facility infrastructure are all factors

that can affect HAI rates. The true prevalence of HAI may be

underestimated by the presence of unrecognised infections.

Within any nosocomial environment, surfaces and fomites serve as

reservoirs of infection, with healthcare workers acting as vectors for

transmission2. Althoughbacterial species are thebest-studiedexam-

ples, there ismountingevidence that surfaces can serve as reservoirs

for viruses and fungi3. Microorganism survival on fomites is influ-

enced by intrinsic properties such as the surface porosity and the

pathogen’s characteristics (for example, non-enveloped viruses

remain viable longer on surfaces comparedwith enveloped viruses)

and by extrinsic factors such as environmental temperature and

humidity. Aperson’s age, personal habits, typeof activities, personal

mobility and the level of cleanliness within the surroundings can

influence the nature and frequency of contact with contaminated

surfaces, and can affect the transfer of pathogens to and from

fomites4. Methicillin-resistant Staphylococcus aureus (MRSA), van-

comycin-resistant enterococci (VRE) and Clostridium difficile are

examples of some pathogens that have been recovered from con-

taminated surfaces. Table 1 outlines the environmental contamina-

tion, length of survival and evidence of transmission of common

nosocomial pathogens.

The methodology and quality of evidence in published studies

examining environmental contamination rates and their effects on

pathogen transmission are highly variable. When interpreting the

results of such studies, it is important to address several important

issues. First, contamination rates do not necessarily reflect trans-

mission rates. The degree of contamination by specific pathogens

warrants careful scrutiny, as colonising organisms may not neces-

sarily be pathogenic. Second, temporality should also be assessed,

that is, whether evidence of environmental and/or patient contam-

ination before and/or after contact is clearly assessed. Last, con-

founding factors including hand hygiene, wearing of personal

protective equipment, the cleaning of fomites and/or other inter-

ventions should also be examined.

In a study of skin and environmental contamination by patients with

MRSA, Chang et al. noted that 15 (18%) and 29 (35%) of 83 patients

contaminated their surrounding environment with MRSA within 25

and 33 hours, respectively5. However, the study did not address

several key issues including no measurement of baseline contam-

ination rate within rooms prior to patient admission, failure to type

MRSA isolates collected from surveillance swabs of the nose, skin

and environment in order to assess clonality, and failure to perform

surveillance swabs on roommates already colonisedwithMRSA that

may have contaminated the shared room.

In contrast, an outbreak of MRSA was successfully terminated by

interrupting fomite colonisation through the extensive closure of

wards and institution of a cleaning program that included targeted

removal of dust from ward surfaces, furniture, floors and medical

equipment6. Therewerealso significant costbenefits by terminating

theoutbreak: reducedhospital bed-days andunnecessary treatment

costs and increased efficiency within the hospital system.

Although disinfection of reservoirs should be prioritised in any

hospital environment7, infection control ‘bundles’ to reduce HAI

may be more effective than any single measure alone, and the

efficacy of each intervention may not be easily determined8. In

addition, current cleaning and disinfection methods vary across

different health institutions, are operator dependent and may not

adequately disinfect heavily contaminated surfaces. There is also

limited data comparing the efficacy of different methods such as

neutral detergents, sodium hypochlorite and hydrogen peroxide9.

Hydrogen peroxide may be more effective in disinfecting difficult-
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to-reach areas andhas significant sporicidal activity.However, itmay

not be compatible with all types of medical equipment, and bio-

logical soiling of surfaces reduces the efficacy of hydrogen peroxide

disinfection.

In summary, pathogens responsible for HAI can survive for hours

to months on environmental surfaces, and transmission may occur

upon contact with contaminated surfaces. The transmission cycle is

established when new reservoirs are created, and HCW and/or

patients act as vectors for transmission. Enhanced cleaning and

disinfection of environmental surfaces, along with other infection

control measures, can reduce the transmission of such pathogens.

References
1. Turnidge, J.D. et al. (2009) Staphylococcus aureus bacteraemia: a major cause of

mortality in Australia and New Zealand. Med. J. Aust. 191, 368–373.

2. Boyce, J.M. (2007) Environmental contamination makes an important contribu-

tion to hospital infection. J. Hosp. Infect. 65, 50–54. doi:10.1016/S0195-6701(07)

60015-2

3. Barker, J. et al. (2001) Spread and prevention of some common virla infections

in community facilities and domestic homes. J. Appl. Microbiol. 91, 7–21.

doi:10.1046/j.1365-2672.2001.01364.x

4. Boone, S.A. and Gerba, C.P. (2007) Significance of fomites in the spread of

respiratory and enteric viral disease. Appl. Environ. Microbiol. 73, 1687–1696.

doi:10.1128/AEM.02051-06

5. Chang, S. et al. (2010) Occurrence of skin and environmental contamination with

methicillin-resistant Staphylococcus aureus before results of polymerase chain

reaction at hospital admission become available. Infect. Control Hosp. Epidemiol.

31, 607–612. doi:10.1086/652775

6. Rampling, A. et al. (2001) Evidence that hospital hygiene is important in the

control of methicillin resistant Staphylococcus aureus. J. Hosp. Infect. 49,

109–116. doi:10.1053/jhin.2001.1013

7. Dancer, S.J. (2009) The role of environmental cleaning in the control of hospital-

acquired infection. J. Hosp. Infect. 73, 378–385. doi:10.1016/j.jhin.2009.03.030

8. Jain, R. et al. (2011) Veterans Affairs initiative to prevent methicillin-resistant

Staphylococcus aureus infections. N. Engl. J. Med. 364, 1419–1430. doi:10.1056/

NEJMoa1007474

9. White, L.F. et al. (2007) Amicrobiological evaluationof hospital cleaningmethods.

Int. J. Environ. Health Res. 17, 285–295. doi:10.1080/09603120701372433

10. Hota, B. (2004) Contamination, disinfection, and cross-colonization: are hospital

surfaces reservoirs for nosocomial infection? Clin. Infect. Dis. 39, 1182–1189.

doi:10.1086/424667

Table 1. Nosocomial pathogens and environmental contamination.

Pathogen Types of environmental
contamination

Length of survival Evidence of transmission

MRSA Extensive environmental
contamination

48 h onplastic laminate surfaces,
�9 w on cotton blankets

Environment to HCW spread

VRE Extensive environmental
contamination

�58 d on countertops Environment to HCW spread

C. difficile Extensive environmental
contamination

5m on floors Correlation between
environmental and HCW hand
contamination

Influenza virus Aerosolisation, survives on
fomites

24-48 h Fomite to hands of HCW

Parainfluenza virus Survives on clothing and
nonporous surfaces

6 h on clothing, 10 h on non-
porous surfaces

Not proven, indirect evidence

Noroviruses Extensive environmental
contamination

�12doncarpets,�14d in stools Not proven

Candida spp. Fomites 3–14 d depending on species Possible

Adapted from Hota10. d, days; h, hours; HCW, healthcare worker; m, months; w, weeks.
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Clostridium difficile is the most common cause worldwide

of infectious diarrhoea in hospitalised patients. It is also

thought tobethenumberonehealthcare-related infection in

the USA costing >US$3 billion annually. In a recent report

from the Centers for Disease Control and Prevention,

C. difficile was described as ‘an immediate public health

threat that requiresurgent andaggressive action’1. Infection

occurs following ingestionofC.difficile, probablyas a spore,

and usually after exposure to antibiotics. Since 2002 there

has been a worldwide escalation in rates of C. difficile in-

fection (CDI) with an epidemic strain of C. difficile (PCR

ribotype [RT] 027) responsible for outbreaks of severe in-

fection in North America and Europe. This strain is charac-

terised by the production of greater amounts of toxins A and

B, the putative major virulence factors and an additional

toxin (binary toxin or CDT), as well as resistance to fluoro-

quinolone antimicrobials. In Quebec Province in Canada

(population 7.5 million in 2003) the Health Ministry

reported a total of 7004 cases of CDI between 1 April 2003

and 31March 2004, with 1270 deaths (a crudemortality rate

of 18%) and an attributable mortality of greater than 10% in

those aged over 60 years – a remarkably high figure. RT 027

then spread quickly to the UKwhere it caused several highly

publicised outbreaks with significant mortality, increasing

inprevalence to26%ofallC.difficile in2005–06andrising to

42% in 2007–082.

While there have been three separate known introductions of RT

027 into Australia in 2008 and two in 2010, the strain has not

established here, possibly because of Australia’s conservative pol-

icies regarding fluoroquinolones. Nevertheless, there has been a

significant increase in the rate of CDI in Australia over the past

3–4years. Surveillanceofhospital-identified (HI)CDIwasmandated

for public healthcare facilities in Western Australia in January 2010.

The quarterly aggregate rate climbed from 1.47 per 10,000 bed days

in the first quarter of 2010 to 2.64 per 10,000 bed days in the fourth

quarter of 2010 and 4.59 per 10,000 bed days a year later, falling

slightly to 4.27 per 10,000 bed days in the fourth quarter of 2012.

Rates were approximately 1–3 times higher for tertiary hospitals

alone3,4. In a laboratory-based, retrospective review of all cases of

CDI identified in four acute care public hospitals in Tasmania

between July 2006and June2010 inclusive, theannual rate increased

from 2.5 per 10,000 patient-care days in 2006–07 to 4.2 per 10,000

patient-care days in 2009–105. The first report from Victoria follow-

ing the commencement of targeted surveillance for CDI in 2010was

for theperiodOctober2010 toMarch2011 inclusive6. They reported

a monthly increase in the number of HI-CDI cases, falling only in

December 2010, and an overall rate of 2.2 per 10,000 occupied

bed days.

Over this period, laboratory testing has increased and diagnostic

methodshave changed, potentially influencing the rates of infection

being reported. Historically, C. difficile laboratory diagnosis in-

volved cell culture cytotoxicity testing (the application of stool

filtrates to a cell monolayer and the observation for cytopathic

effects caused by toxin B that could be neutralised with anti-toxin)

or toxigenic culture (growth of C. difficile from stool and confir-

mation that the isolate could produce toxin, usually by tissue

culture). While these methods remain the ‘gold standards’, they

were slowandsowere replaced inmany clinical laboratoriesby rapid

and commercially available toxin enzyme immunoassays (EIA)

targeting first toxin A, then toxins A and B7. Toxin EIAs began to

lose favour in the late 2000s with reports of reduced sensitivity and

the advent of highly sensitive and rapid nucleic acid amplification

tests (NAATs). It is now common for laboratories to use a two-step

algorithm incorporating an inexpensive, rapid and sensitive, but not
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necessarily highly specific, screening test (e.g. an assay for the

glutamate dehydrogenase common antigen) followed by a more

specific NAAT that detects C. difficile toxin genes8. A recent report

demonstrated that toxin detection correlated with the severity of

CDI and that this had prognostic value9. The detection of toxin

rather than the genes that encode them is now mandatory for the

diagnosis of CDI in the UK10. Unfortunately, the sensitivity of toxin

EIAs remains suboptimal; however, their positive predictive value

is increased substantially as part of a two-step algorithm. This does

not mean the end of NAATs. NAATs still offer a rapid and sensitive

screen for C. difficile and may be particularly useful for identifying

carriers who could be of significance for infection control. It is

this sensitivity and the high prevalence of C. difficile carriers in

the hospital population11 that may mean false positive diagnoses of

disease leading to increased rates of CDI. Since the introduction of

NAATs in Australia, CDI rates have continued to rise; however, these

changes in testing procedures are unlikely to explain the full

magnitude of the increases seen recently.

Another potential explanation for the increase in CDI rates is the

emergence of new strains. RT 244 was first identified in Australia in

2011 and preliminary data suggested it was associated with more

severe disease. This was recently supported by De Almeida et al.12

who, after identifying a new strain in New Zealand as RT 244,

performed a case-control study of cases with CDI due to this

RT. Cases had more severe disease (OR 9.33; P=0.015) and were

more likely to have community-associated infections (prevalence

ratio 3.33; P=0.078) when compared with controls who were

infected with otherC. difficile strains. Like RT 027, RT 244 produces

more toxins A and B as a result of a single base pair deletion in tcdC

(a gene involved in regulation of toxin A and B production), as well

as binary toxin. RT 244 is therefore identified as a putative RT 027

with the Cepheid Xpert� C. difficile/Epi system. Other emerging

RTs in Australia include RT 251 (A+B+CDT+), which also appears to

be closely related to RT 027, and RT 033 (A-B-CDT+), RT 126

(A+B+CDT+) and RT 127 (A+B+CDT+), which are closely related

to RT 078 (A+B+CDT+), a RT originally only isolated from animals,

particularly livestock, in the Northern hemisphere and also associ-

ated with more severe disease (Figure 1)13. Interestingly, RT 078 is

not found in Australian livestock14. The clinical significance and

extent of infection with RT 033 remains to be determined. The

problem for diagnostic laboratories is that tests designed to detect

toxin A or toxin B, or the genes that encode them, will not detect

RT 033.

CDI surveillance is important in identifying increases in disease

occurrence that might suggest: (1) a more susceptible population;

(2) circulation of particularly harmful strains; or (3) an increase in

exposure to theorganism.Therehasbeenmandatory surveillance in

public hospitals in Australia of ‘hospital-identified’ CDI since 2010.

It is unlikely that increased testing and updated laboratory diagnos-

tic methods are entirely responsible for the increase in CDI rates

recently seen in Australia. The population is ageing and patients in

hospitals are sicker as they replace those who can be treated at

home. However, those patients being treated outside the hospital

are also at risk and there has been a significant increase in commu-

nity-acquired CDI. We are seeing new C. difficile strains emerging

in Australia, either strains seen previously in foreign countries or

apparently novel strains. How they got to Australia and how the

population is being exposed is still not clear.
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Staphylococcus aureus is noted for its clinical spectrum of

disease ranging from asymptomatic colonisation to over-

whelming sepsis and death and for its ability to become

resistant to antibiotics. Resistance to beta-lactams, methi-

cillin resistance,wasfirstdescribed50years ago,becominga

clinical problem in hospitals in the 1970s and the commu-

nity in the 1990s. MRSA strains that originated in hospitals

are usually also resistant to most of the non-beta-lactams as

well, leavingvancomycinas themainparenteraldrug to treat

serious MRSA infections, with the role of new drugs like

daptomycin and linezolid notwell defined.MRSA strains can

exhibit low-level resistance to vancomycin (vancomycin-in-

termediate S. aureus [VISA]), probably due to a thickened

cell wall, which results in the trapping of vancomycin away

from the active site of the septum individing cells. Detecting

this resistance is difficult as multiple genetic pathways lead

to this resistance, obviatingamolecular test, forcing reliance

on phenotypic tests, all of which have issueswith sensitivity,

specificity and cost. Mortality of bloodstream infection cor-

relates with vancomycin MIC so in this situation the MIC

should be determined by Etest or microbroth dilution

especially if endocarditis is present. Detection of resistant

subpopulations (heterogeneous vancomycin-intermediate

S. aureus [hVISA]) can be done with the expensive and

time-consuming population analysis profile (PAP) but it is

unclear if this confers additional therapeutic information.

Types of vancomycin resistance in

Staphylococcus aureus

There are two essential types of reduced vancomycin susceptibility

in S. aureus: (1) that conferred by cell wall thickening resulting in a

small rise in the MIC and/or the presence of subpopulations with a

modestly elevated MIC1; and (2) that conferred by horizontal gene

transfer of the vanA gene complex from vancomycin-resistant

enterococci (VRE) to S. aureus, causing a more marked rise in the

vancomycin MIC and clinical failure2.

The Clinical and Laboratory Standards Institute (CLSI) reduced the

breakpoints for vancomycin resistance in 2006 in response to the

evidence that modest elevations of MIC were associated with

a reduced likelihood of clinical response, and currently define

vancomycin-susceptible S. aureus (VSSA) strains as having a MIC

�4mg/L, VISA as having MICs 4–8mg/L, and vancomycin-resistant

S. aureus (VRSA) strains as having an MIC �161. The European

Committee on Antimicrobial Susceptibility Testing (EUCAST)

defines VSSA as strains with an MIC �2 and VRSA as having an MIC

�4, with no intermediate division1.

The first described clinical isolate of VISA was the so-called ‘Mu50’

strain, isolated from a child with an MRSA sternotomy infection that

failed to respond to vancomycin but responded to debridement and

arbekacin plus ampicillin/sulbactam; the microbroth vancomycin

MIC was 8mg/L3.

Mu50 and subsequent VISA isolates exhibit common characteristics

(Figure 1)1. They growmore slowly than VSSA, exhibit pleomorphic

colonial morphology, have reduced or delayed coagulase, demon-

strate thickened cell walls on electron microscopy, have alterations

in cell wall metabolism, reduced susceptibility to lysostaphin and

decreased autolysis.

hVISA strains usually have a vancomycin MIC in the CLSI and

EUCAST susceptible ranges but possess subpopulations with a

raised MIC, detectable by performing a PAP, where serial 10-fold

dilutions of a suspension of S. aureus are plated on a series of agar

plates containing increasing dilutions of vancomycin1. This was first

described by Hiramatsu’s group on the so-called ‘Mu3’ strain4, and

Wootton et al. refined this by using a series of plates with doubling

concentrations of vancomycin and serial 10-fold dilutions of the

inocula with Mu3 as the control, generating the categories of

VSSA (PAP-AUC ratio test: Mu3 <0.9), hVISA (ratio 0.9–1.35) and

VISA (ratio >1.35) (Figure 2)5.

Just over a dozen patients to date have had MRSA isolated that

possess the vanA gene complex2. Most are US origin; none have

been reported from Australasia to date. The US patients are older

with multiple co-morbidities, were colonised with vanA VRE and
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had high inoculum infections at sites difficult to penetrate with

systemically administered vancomycin to which they have been

extensively exposed. The vanA genes appear to have moved via

plasmids from VRE into MRSA, conferring high-level resistance to

vancomycin, therapeutic failure and major infection control issues.

Mechanism of resistance in VISA/hVISA

Hiramatsu has proposed the affinity-trapping hypothesis to explain

vancomycin resistance in VISA/hVISA strains6. VISA/hVISA strains

increase the cell wall thickness and vancomycin this binds to the

outer layers of the cellwall and it is not available topenetrate into the

deeper layers and thus interfere with cell division.

VISA/hVISA strains do not possess any elements of the vanA, vanB,

vanC, etc., gene complexes found in enterococci that confer van-

comycin resistance1. Many isolates have mutations in the walKR

operon, which results in low activity, reduced autolysis and an

increase in cell wall thickening1. The mprF/fmtC mutations result

in reduced cell wall cross-linking1. There are also mutations in the

graR genes and possible vraR as well, which results in upregulation

of the cell wall stimulon1.

Mwangi et al. applied whole genome sequencing to five sequential

MRSA human blood culture isolates and found 35 point mutations

across thefive isolates, including genes involved in the cell envelope

stress response, mutations in the agr quorum sensing system, the

walKRwall operon and genes involved in peptidoglycan biosynthe-

sis7. The group also detected mprF yycG, rpoB and rpoC gene

mutations that were associated with daptomycin resistance (the

patient was naïve to this drug). Cameron et al., performed com-

parative genomics in a seven sets of vancomycin exposed isogenic

S. aureus pairs and found that serine/threonine phosphatase stp1

contributes to reduce vancomycin susceptibility to vancomycin, in

addition to previously described mutations such as vraG, agaR,

yvqF and rpoB8.

Clinical significance of VISA and hVISA

A recent systematic review and meta-analysis of the clinical signif-

icance of the vancomycin MIC in MRSA bloodstream infections

compared mortality where the MIC was �1.5mg/mL to isolates

where the MIC was <1.5mg/mL and found an odds ratio of death

of 1.64 (95% CI 1.14–2.37) in the higher MIC group9.

Holmes et al. compared patients with MRSA bloodstream infection

where the vancomycin MIC was 2.0 or 3.0 versus MIC of �1.5 and

found an all-cause 30-daymortality of 27% versus 12.5% (P < 0.001).

The association with vancomycin MIC also occurred within the

groups treated with flucloxacillin and in those with methicillin-

susceptible S. aureus; the authors suggested that the raised van-

comycin MIC might be an epiphenomenon10.

Currently the clinical significance of hVISA status is unclear. van Hal

and Paterson performed a systematic review and meta-analysis of

the clinical significance of hVISA11. They foundhVISA infections had

a clinical failure rate 2.37 times that of those with VSSA (95% CI

1.53–3.67), but all-cause 30-day mortality in the two groups was not

significantly different. Peleg et al. described the greater wax

moth (Galleria mellonella) model in which S. aureus strains with

(a)

(b)

(c)

Figure 1. hVISA strains exhibit colonial pleomorphism, in this case on
a horse blood agar plate (a). Electron microscopy of vancomycin-
susceptible Staphylococcus aureus (b) and heterogeneous
vancomycin-intermediate Staphylococcus aureus (c) strains show
how the cell wall is thickened in the latter.
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reduced susceptibility to vancomycin were associated with de-

creased pathogenicity and this correlated with decreased agr func-

tional status12.

Testing for VISA and hVISA

Testing can be done using a number of methods, as summarised in

Tables 1 and 2.

Howden et al. in a comprehensive review outlined possible

approaches to detection of VISA/hVISA1. If laboratory testing for

VISA/hVISA is readily available, they suggest a laboratory-based

approach, in which a vancomycin broth MIC could be used or

alternatively modified Etest or an Etest GRD with confirmation of

positiveswith a PAP, and if reduced susceptibility to vancomycinwas

demonstrated the treating doctor should consider daptomycin or

linezolid. If VISA/hVISA testing is not readily available, a clinical

approach could be adopted where a tardy clinical response might

prompt the use of alternative agents such as daptomycin or line-

zolid. In clinical practice in the treatment of MRSA bacteraemia

clinical failureoftenprompts theuseof theseagentsbefore resultsof

VISA/hVISA testing are available.

van Hal et al. compared different testing methodologies for detec-

tion of hVISA14. Four hundred and fifty-eight consecutive MRSA

blood culture isolates were tested with PAP, macromethod Etest,

glycopeptide resistance detection,GRDEtest and vancomycinMICs

by Etest, by brothmicrodilution using CLSI criteria and Vitek2. Four

hundred and fifty-eight isolates from 470 episodes of blood stream

infection were analysed; 55 were hVISA and four were VISA by PAP,

the latter 4 were excluded. The sensitivity and specificity of the

various methods compared with PAP were Etest 91% and 66%,

broth microdilution 89% and 84%, modified Etest 89 and 55%,

broth microdilution (cutoff �2mg/L) 82% and 97%, Etest (cutoff

�2mg/L) 71% and 94%, GRD Etest 71% and 94%, and the Vitek2

(a)

(c)

(b)

Figure 2. Population analysis profiling is currently the gold standard test for heterogeneous vancomycin-intermediateStaphylococcus aureus (hVISA)
in the absence of a genetic test or phenotypic testwith high enough sensitivity and specificity. Themethodgenerally requires a large number of plates
(a), generates several plates requiring colony counts (b), and then entry of the numbers into a spreadsheet to generate a PAP graph (c), calculate the
area under the curves for the hVISA control (Mu3) and the test isolate. In this case the test isolate, our first hVISA strain, gave a curve almost
indistinguishable from Mu3.
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(MIC estimate �2 mg/L) 25% and 96%, respectively. PAP, modified

Etest, GRDE test, broth microdilution, standard Etest and Vitek2

cost $70–$320, $29, $12, $8–$38, $15 and $18 per isolate, respec-

tively. Etest tended to read higher and Vitek2 lower than

BMD. Performing PAPon all the isolateswould have 100%sensitivity

and specificity (assuming PAP is the gold standard) but cost $32,000

to test allMRSA isolates in the study. Screeningwith Etestwith cutoff

MIC �1.5 confirming positives with PAP gave 98.9% sensitivity and

cost ~$20,000. MET followed by PAP gave a sensitivity of 89% but

cost ~$30,000. Other test combinations were cheaper but

insensitive.

Holmes et al. recently summarised key points about the clinical and

laboratory implications of the different types of vancomycin-re-

duced susceptibility15. For methicillin-susceptible S. aureus infec-

tions, b-lactams give better results than glycopeptides. For invasive

MRSA infections, optimal vancomycin dosing and source control are

pivotal. In this situation anMIC should be determined, preferably by

Table 1. Methods to detect VISA (based on van Hal and Fowler13).

Method Pros Cons Comment

Broth microdilution MIC Highly accurate Labour intensive
Usually batch

Reference method for MIC

Etest MIC Easy, cheap Reads 0–0.5 dilution higher than
BMD

Most of the clinical papers
correlating MIC to outcome used
Etest
MIC creep is usually associated
with Etest

Etest glycopeptide resistance
detection (GRD)

Easy, cheap
More sensitive than Etest
Can read at 24 h

Positives need to be confirmed

Automated brothmicrodilution
(Vitek, Phoenix, etc.)

Routinely used in many
laboratories

Low inoculum and shorter
incubation
Insensitive
Reads lower than BMD

Screening agars Easy, cheap Variable sensitivity and
specificity

Disk diffusion Insensitive and not
recommended

Fails because large glycopeptide
molecules diffuse slowly through
agar

MALDI-TOF One report so far; failed to work

Table 2. Methods to detect hVISA (based on van Hal and Fowler13).

Method Pros Cons Comment

Population analysis profile
(PAP)

Currently the reference method Slow, labour intensive and costly Presence of hVISA does not
correlate with higher mortality in
SAB

Screening agars Easy and cheap Insensitive and not specific Decreasing concentration of
glycopeptide in agar increases
sensitivity at expense of
specificity

Modified Etest (MET) Easy and cheap Sensitive but poor specificity Increased inoculum and
prolonged incubation selects out
resistant subpopulations
Result is not the MIC
(Figure 3)
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BMD but Etest was satisfactory. If there was clinical failure of

vancomycin and/or one of the recommended methods suggested

reduced vancomycin susceptibility, daptomycin or linezolid should

be considered. If the MIC �16 mg/L polymerase chain reaction

testing for vanA and vanB genes should be performed as the isolate

may be a VRSA.

MIC creep

van Hal and Fowler summarised the studies looking at MIC creep,

which refers to the slow increase in the MIC of the MRSA isolates

over period of time13. Creep is mostly demonstrated if Etest is used

and not found in most studies using broth microdilution. Studies

that demonstrated MIC creep tended to be single-centre studies.

Typing was only performed in a small number of studies and where

this was done, creep was demonstrated where there was a clonal

emergence of strains with increased MICs, which probably explains

the phenomenon.

Are VISA/hVISA strains less susceptible

to daptomycin?

Daptomycin is a large molecular weight compound with a site of

action in the cell wall, like vancomycin, and it has beenhypothesised

that VISA/hVISA strains might be less susceptible to daptomycin.

A patient treated unsuccessfully with vancomycin but never treated

with daptomycin, has a series of MRSA isolates from blood demon-

strating increasing resistance to vancomycin and also daptomycin16.

Sakoulas et al. found MRSA strains that were heterogeneously

resistant to vancomycin were also heterogeneously resistant to

daptomycin17. Another group found MRSA MICs to daptomycin

and vancomycin were strongly correlated (P> 0001, c2 test)18.

Conclusions

If there is clinical failure of glycopeptide treatment of MRSA infec-

tion, especially bacteraemia, generally daptomycin or linezolid will

be selected before screeningor definitive testing for VISA/hVISA can

be performed. In the case of MRSA bacteraemia, especially if

endocarditis or other deep focus is present, the MIC should be

determined, either by Etest (not modified Etest which is a screen

for hVISA) or broth microdilution.

Fortunately most MRSA infections do not involve bacteraemia.

Vancomycin is cheap, generally well tolerated, has defined thera-

peutic drugmonitoring strategies, andworks well for the parenteral

treatment of most MRSA infections.

Future directions

The clinical significance of hVISA needs to be defined. A cheap

reliable test that predicts clinical failure with vancomycin is needed.

The role of daptomycin, linezolid and the new anti-MRSA cephalo-

sporin ceftaroline in serious MRSA infections needs to be clarified.
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members of the Antibiotic Resistance and Mobile Elements Group

(ARMEG) (Slade Jensen, Bjorn Espedido and Sebastiaan van Hal)

who are continuing the research on resistance in MRSA.
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The need for both the adoption of a uniform method of

antimicrobial susceptibility testing by laboratories in Aus-

tralia and the alliance of the laboratories with a reference

laboratorywasdemonstratedclearlymore than40yearsago.

This review outlines how the CDS Antimicrobial Test has

fulfilled this need and demonstrates the value of the associ-

ation of diagnostic laboratories with a readily accessible

reference laboratory in reducing errors in antimicrobial

susceptibility testing in practice.

In the years 1968 to 1970 the annual RCPA Microbiology Surveys

(forerunners of the RCPA Microbiology QAP) revealed very serious

errors in the antibiotic susceptibility testing of common bacterial

pathogens in Australian and New Zealand laboratories. The errors

arose in many cases because the methods used were unexplained,

unvalidated and unauthorised modifications of published methods

and in other cases themethods usedwere ad hoc and developed by

laboratories without any scientific basis. In 1971, 1972 and 1973 the

Microbiology Surveys compared the performance of laboratories

when they used non-uniform methods with that when they used a

uniformmethod of susceptibility testing. The uniformmethod was

an agar disc diffusion test that was developed in the Microbiology

Laboratory at the Prince of Wales Hospital, Sydney, Australia. It was

clearly demonstrated that technical errors in antibiotic susceptibility

testing could be eliminated almost entirely if laboratories adhered

strictly to this method. Themethodwas published as the Calibrated

Dichotomous Sensitivity (CDS) test in Pathology in 19751. The

originof thenameof the test derived fromthe fact that the inhibitory

zone sizes observed were calibrated to quantitative antibiotic sus-

ceptibilities determined by the WHO approved method published

in 19712. Dichotomous appeared in the name because the method

did not attempt to divide antibiotic susceptibilities any further than

the two categories of sensitive or resistant. Theexperience gained in

the conduct of the Microbiology Surveys also produced convincing

evidence that a sustained improvement in the accuracy of suscep-

tibility testing in Australia could be achieved only by the establish-

ment of a reference laboratory dedicated to the interactionwith and

the provision of support to laboratories performing antibiotic

susceptibility testing. As a consequence the CDS Reference Labo-

ratory was set up within the Microbiology Laboratories at the Prince

of Wales Hospital.

The role of the CDS Reference Laboratory

Initially the CDS Reference Laboratory’s role was to assist those

laboratories who were having difficulties in the application of a

uniform method. As the diagnostic laboratories acquired greater

skill in performing the CDS test the Reference Laboratory became

more interactive with the CDS users. The diagnostic laboratories

would draw attention to changes in the phenotypic expression of

specific mechanisms of antibiotic resistance that then prompted

modifications of the test method. Some notable examples of these

changes were reduction of the disc potency of benzylpenicillin to

0.5 u, erythromycin from 15mg to 5mg and tetracycline 30mg to
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10mg. Some of the initiatives and modifications remain unique to

the CDS while others have been adopted by some overseas meth-

ods. The CDS Reference Laboratory also maintains and distributes,

free of charge, the reference strains necessary for quality assurance

in susceptibility testing. Every year for the past 30 years the staff of

the CDS Reference Laboratory have conducted a workshop at the

annual scientificmeeting of the Australian Society for Microbiology.

The workshops also are free of charge, open to all and are not

restricted toCDSusers. Theyprovideanexcellent interfacebetween

Reference Laboratory staff and those engaged in or interested in

antibiotic susceptibility testing. In more recent times the Reference

Laboratory has been called on to clarify or confirm the identity of an

unusual organism or clarify atypical antibiotic susceptibility test

results. The latter may also involve confirming the identification of

organisms.Becauseof its ready access tomolecular andawide range

of phenotypic techniques the Reference Laboratory is able to

respond in a timely fashion to these requests. The laboratory

averages at least 10 enquiries a week including telephone and email

communication from CDS users.

Development of the CDS Test

When themethodwas introduced itwasused to testonly a restricted

number of antibiotics against common bacterial pathogens. Major

updates of the CDSmethodwere published in 19843 and 19884, and

in subsequent years the scope of the CDS test has been expanded

to now include 63 antibiotics and 18 microbial genera including

anaerobes and yeasts. Participation in what has become known as

the CDS Users Group was broadened to include a number of

overseas laboratories and Australian veterinary laboratories. In

1999 the first edition of Antibiotic Susceptibility Testing by the CDS

Method – A Laboratory Manual was published and provided free to

registered CDS users. The Manual is now in its 6th edition and the

7th edition is in preparation. In 1990 the CDS website (http://web.

med.unsw.edu.au/cdstest/) was set up at the University of New

South Wales. Developments in the CDS are reported regularly on

the website and both web-based and downloadable pdf versions of

the CDSmanual are updated to include additions andmodifications

to the method. Access to the CDS website with all its resources and

updates is available to all interested parties free of charge.

CDS innovations

Selection of disc potencies. The disc potencies in the CDS were

selected on the basis of those that yielded an optimal separation of

resistant and susceptible strains and followed the well-established

principles of diffusion of antibiotics in agar enunciated by Hum-

phrey and Lightbown5. Often the choice was at odds with that

suggested by pharmaceutical firms promoting the antibiotic who

claimed (incorrectly) that their drug would be put at a marketing

disadvantage if higher potency discs were not used in susceptibility

testing. The pharmaceutical companies had a much greater influ-

ence on the developers of other methods of calibrated disc tests

(such as NCCLS [now CLSI]) than they did on the CDS. The con-

sequences of this difference were best illustrated by the calibration

of cefotaxime, the first of the 3rd generation of cephalosporins,

which was calibrated in the CDS using a 5mg disc in preference to a

30mg disc in 1984. As a result the CDS clearly demonstrated

mechanismsof resistance such as elaborationof extended spectrum

beta-lactamases (ESBL) well before the then NCCLS (now CLSI)

method. It is worth noting that both EUCAST and CLSI have only

recently adopted thebreakpoints for theseantibioticsfirstproposed

by CDS some 30 years ago.

Inhibitory zonemorphology.One unique feature developed by

the CDS is the observation of inhibitory zone morphology either to

confirm the identity of an isolate or to establish the mechanism of

resistance. Previously theonly useof zonemorphologywas thewell-

established practice of examination of the edge of the inhibitory

zone with Staphylococcus aureus to detect resistance mediated by

b-lactamase. The CDS method extended the close examination of

zones to other Gram positives such as enterococci and to Gram

negatives in identification and to detect a number of b-lactamases.

These phenomena are shown in detail in photographs published on

the CDS website and in the CDSmanual. Feedback from CDS users

indicates that the use of zone morphology is an essential tool in

defining antibiotic susceptibility in many of the Gram-negative

species in day-to-day testing.

Accuracy of the CDS Test in practice

The CDS team regularly reviews performance of laboratories that

use the CDS method in the RCPA/QAP programs. Where suscepti-

bility or resistance is readily demonstrated there is little difference in

the results observed with those using the CDS method and other

techniques including CLSI and automated systems such as Vitek.

The errorswith allmethods are few andusually are clerical in nature.

In themore difficult tests of antimicrobial susceptibility users of the

CDS invariably outperform those who use other methods of sus-

ceptibility testing. Four recent examples of superiority of theCDS in

the RCPA/QAP Surveys are shown here (the year, survey and

question numbers, in italics, are included in the brackets showing

the results): (i) detection of inducible clindamycin resistance in

Strep. pyogenes (CDS 96% correct, other methods 78% correct,

2012, 8 : 3); (ii) detection of vancomycin resistance in Enterococcus

faecium (CDS 92% correct; othermethods 73% correct, 2010, 1 : 4);

(iii) demonstrated resistance to cephalosporins mediated by an
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ESBL (CDS 100% and others 82%, 2011, 6:1b); and (iv) detection of

meropenem resistance in Citrobacter freundii mediated by a

carbapenemase (CDS method 95%, other methods 71%, 2013,

4:1b).

The future of the CDS

Registrants as CDS users continue to grow and number over 200 at

present. The CDS method is now being used by laboratories in

South East Asia, India and South Africa. It is unfortunate that a

number of Australian public laboratories have changed from using

the CDSmethod to othermethods as a result of executive decisions

apparently based on reasons other than scientific merit. As long as

antimicrobial susceptibility testing is performed in diagnostic lab-

oratories the CDS will continue to provide a service to Australasian

and a number of overseas laboratories. The original CDS team has

been joined by younger scientific andmedical staff whowill carry on

the tradition of supporting a high-performance national antibiotic

susceptibility test method well into the future.
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Vancomycin-resistant enterococci in hospitals
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Control measures for vancomycin-resistant enterococci

(VRE) should be determined by the current epidemiology

of infection andmustbepractical andeffective. It is essential

that emphasis is placed on consistent implementation of

enhanced standard precautions (horizontal measures) in

healthcare that reduce infections caused by all organisms,

not just VRE. Effective antimicrobial stewardship programs

are paramount and should target reduction in the use

of extended-spectrum cephalosporins, carbapenems and

fluoroquinolones. VREcausesmarkedmorbidity ina limited

range of at-risk patient groupswho require additional active

measures to prevent their acquisition of virulent strains. The

use of additional measures for patients at low risk from VRE

morbidity is unlikely to be cost-effective and should be

reserved foroutbreaksituationsor forpatientswhoaremore

likely to transmit VRE.

Epidemiology

Infectious agent and clinical significance

Enterococci areGram-positive cocci that colonise the intestinal tract

of humans and animals. They can persist on inanimate objects

forweeks,have intrinsic resistance tomanyantibiotics andacapacity

to develop multiresistance. Generally they have low virulence.
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Colonisation may precede infection by months to years. Most

colonised patients do not develop infection. This is influenced by

patient risk factors detailed below and enterococcal strain type.

Some strains adhere to uroepithelium and endocardium and may

cause infection in patients without marked immunosuppression.

Device-associated infection also occurs. Enterococci can be found

in mixed cultures from intra-abdominal and pelvic infections but

recovery usually occurs without targeted enterococcal treatment

in uncomplicated cases1. Most often, isolation of enterococci,

including VRE from the urine is not clinically significant2. Compared

with vancomycin susceptible enterococci (VSE), VRE infections

cause more severe disease, increased mortality and have a signifi-

cant additional economic burden. Antibiotic treatment options for

VRE are limited and pan-resistance can occur3.

Occurrence

Enterococci with acquired, transferrable high level resistance to

vancomycin were first detected in faeces from two leukaemia

patients fromEurope in 19864.Hospital outbreakswere increasingly

described over the next decade across Europe and the

USA. Internationally, the important resistance genotypes of VRE

have been either vanA or vanB operons usually carried by Entero-

coccus faecium in a transposon located within a large transferrable

plasmid. There is evidence of global spread of a clonal complex of

hospital-associated ampicillin-resistant E. faecium (CC17) that

includes both VSE and VRE (either vanA or vanB) and has a number

of putative virulence factors for hospital adaption and spread5,6.

In Australia, vanB-E. faecium has predominated since the late

1990s. A 2010 Australian VRE survey indicated increasing prevalence

of VRE vanB E. faecium from the CC17 in a number of States7. Only

Western Australia has conducted consistent long-term VRE surveil-

lance. Of 1182 VRE patient isolates over 15 years, 89% were vanB-

E. faecium8. Seven hundred of these isolates came from three

single strain, multiple institution outbreaks. Unexpectedly in

2012, 32% (41 isolates) of the 129 E. faecium VRE strains harboured

the vanA operon. These isolates were polyclonal and found

across six hospitals.

Recent whole genome sequencing of Australian invasive VRE and

VSE isolates indicates that non-clonality indicated by multilocus

sequencing typing is unreliable and that de novo generation of

polyclonal vanB-VREby transfer of elements fromnon-enterococcal

strains has been frequent9. This study and others5,6,9 suggests that

control of hospital-associated VSE may also be important in VRE

control efforts. The multi-locus sequence type ST203 from CC17

caused an extensive outbreak in at least one hospital in Victoria

from 2007. Amarked increase in VRE bacteraemia due to ST203 was

preceded by occurrence in other patients of similar ST203 VSE

implying lateral transfer of the vanB locus into VSE to create VRE6.

Reservoirs

In Australia, non-enterococcal genera (predominantly anaerobes)

in human faeces frequently carry an identical or related vanB-

containing Tn1549 mobile element10 and similar organisms have

also been detected in Canada and France. Low rates of polyclonal

vanB-VRE carriage have also been detected in various community

populations, including residential aged care residents8,11,12. No

animal reservoir has been identified in recent surveys.

In New Zealand, detection of VRE is rare13. Significant VanA-VRE

hospital outbreaks occurred in 2007 and 2008 and were well

controlled. Since 2010, vanB-Enterococcus faecium has predomi-

nated. In 2012, a total of 38 VRE strains were detected with the

majority (87%) isolated from patients in Auckland hospitals14.

Community faecal carriage of vanA -VRE is common in Europe, but

not in Australia or the USA. vanA-VRE have also caused outbreaks in

Australia15 but it is not endemic in most regions.

Patient characteristics (Table 1) and antibiotic exposure may

markedly increase the faecal VRE load and/or capacity to dissemi-

nate VRE, increasing the risk of hospital transmission and

Table 1. VRE risk areas and at-risk patients in hospitals (after Mutters et al.16).

Risk areas: high risk of VRE morbidity Patients at high risk of transmitting VRE

Hematology/oncology units (patients with severe or extreme
immunosuppression/immunodeficiency)
Transplantation units

VRE colonisation of secreting wounds (e.g. decubitus ulcers, severe burn
injuries, other open chronic wounds)

Liver transplantation units
ICU/HDUwith a highpercentage of general surgical or gastroenterological
patients
Neonatal ICU

VRE colonisation with diarrhoea, C. difficile infection, stool incontinence
(also enterostomies etc.)

Dialysis stations VRE-colonised patients with inadequate compliance/cooperation

ICU, intensive care unit; HDU, high dependency/intermediate care unit.
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outbreaks16. Detection of VRE from clinical samples alone, without

active screening, markedly underestimates the reservoir. Whilst

transient staff hand VRE colonisation is not uncommon, long-term

staff faecal colonisation has not been studied.

VRE persists for prolonged periods on inanimate objects. Cultures

from frequently touched surfaces in rooms and toilets of VRE-

colonised patients reveal high levels of contamination that may

persist following conventional room disinfection17,18. Presence of

VRE-containing biofilm enhances environmental persistence, com-

plicating the cleaning process19.

Mode of transmission

VRE is transmitted by hands or from the environment. To break

transmission, both hand and environmental hygiene are critical.

Airborne dissemination is not important: throat, nasal and airway

colonisation with VRE is rare.

A recent modelling paper demonstrates how patient transfer

amongst different hospitals within a single region may significantly

influence the VRE burden. A sustained increase of 10% in VRE

colonisation prevalence in one hospital resulted in a calculated

2.8% (range 0–58%) relative increase in prevalence in other hospi-

tals. Theeffects took from1.5 tomore than10 years tomanifest. This

delay must be considered in research that analyses the impact of

control efforts20.McBrydeuseda ‘HiddenMarkovModel’ applied to

serial prevalencedata toestimate thecharacteristicsof acquisitionof

VRE and distinguish epidemic versus sporadic acquisition. Using

hospital data from Melbourne, this model estimated that 89% of

acquisitions were due to ward cross-transmission21.

Period of colonisation

Prolonged faecal colonisation is usual and relapseor reacquisitionof

VRE is often reported after apparent clearance, often triggered by

antibiotic therapy. From a retrospective cohort from Melbourne, a

study group of 103 colonised patients were resampled by faecal

culture. The proportion of colonised patients fell to 23% by year 4

and none of 40 patients in whom VRE had been detected >4 years

priorwas found tobe colonised. It was suggested that in the absence

of recent risk factors, such as hospitalisation or antibiotic use, that

patients with a remote history of colonisation may be considered

‘cleared’22.

VRE clearance criteria within published guidelines vary widely and

no consensus has been reached in Australia or internationally.

Queensland and South Australia have different clearance criteria

while NSW, Victoria and WA have none. Case-by-case risk-based

decisions are made to clear patients in New Zealand. Eradication of

VRE carriage by active treatment has not been conclusively

demonstrated. Short-term clearance of VRE has been demonstrated

in two small randomised trials of probiotic Lactobacillus rhamno-

sus GG administration.

From a risk point of view, well, continent, VRE-colonised patients

who have not been recently hospitalised or given antibiotics will

usually revert to undetectable levels residual colonisation, signifi-

cantly reducing the risk of transmission. Maintaining such patients

under transmission-based precautions during representations is

unlikely to be cost-effective. Furthermore, given the high preva-

lence of vanB operons in non-enterococcal isolates, community

VRE carriage and the lack of systematic screening for VRE coloni-

sation, there will likely be large numbers of unsuspected VRE

carriers. Therefore, the priority must be to target screening and

isolation to patient groups that are at high risk from VRE disease

(see below).

Risk factors

Risk factors for healthcare-associated colonisation and/or infection

with VRE have been identified16. They include:

* previous antibiotic exposure
* patient characteristics
* colonisation pressure
* exposure to contaminated surfaces.

Previous antibiotic therapy

Initial case-control study evidence implicated vancomycin, broad

spectrum cephalosporins and anti-anaerobic agents including met-

ronidazole, clindamycin and ticarcillin+clavulanate. In a landmark

study from 1996 of a persistent VRE outbreak , restricted use of

cefotaxime, vancomycin and clindamycin and the substitution of

pipercillin+tazobactam was followed by a reduction of point prev-

alence of faecal colonisation with VRE from 47% to 15% . Clinical

isolate numbers also decreased23. More recent data examining

whether the relative risk of pipercillin+tazobactam use is low are

less convincing24. The association with vancomycin use with VRE

risk is much weaker when controls are selected with an equivalent

time of risk and comorbidity25.

Ceftriaxonehas noenterococcal action and achieves highbiliary and

bowel concentrationswith associatedmarked increase in faecal VRE

load in both humans andmice. Time series analysis of antibiotic use

and VRE bacteraemia at one location found a significant association

between prior month ceftriaxone use but no association with

cephalosporin class drugs as a whole or other agents including

vancomycin26.

Carbapenems may select for VRE27. A case control study from the

Alfred Hospital found that antibiotic selection pressure had a larger

role in determining VRE colonisation than cross-transmission. In
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multivariate analysis, exposure to antibiotics, particularly merope-

nem was strongly associated with VRE colonisation as was age

>65 years and length of stay >7 days28.

Extensive evidence associates use of fluoroquinolones with emer-

gence of MRSA, resistant Gram negatives and C. difficile. There are

limited data concerning risk of VRE acquisition risk.

Patient characteristics frequently reported include older

age, prolonged hospitalisation and significant other medical

conditions16.

Colonisation pressure, defined as the daily point prevalence of

VRE-colonised patients, is an important risk factor for acquisition of

VRE and may outweigh other risk factors once 50% or more of

patients in a location have been colonised29.

Exposure to contaminated surfaces includes rooms previously

occupied by VRE colonised patients and exposure to contaminated

reused equipment including commodes, shower chairs, thermo-

meters and many other items.

Control of VRE

Controlmeasures for VREmust be practical and effective and take in

to account the current epidemiology of infection16. Large prospec-

tive studiesof control approaches arenot available andresources are

limited. Selection and likely cost-effectiveness of measures must be

considered with care. Emphasis must be on consistent implemen-

tation of standard precautions (horizontal measures) in healthcare

that reduce infections causedby all organisms, not just VRE. Inorder

to control VRE, standard precautions need to be enhanced to deal

more effectively with the environmental reservoir. Typing of VRE

strains provides important guidance: if clonality is demonstrated,

then infection control is the answer whereas if polyclonality is

demonstrated, antimicrobial stewardship is needed.

For a possible classification of patients and units by risk for targeting

of additional measures see Table 1, but interventions must be

guided by local epidemiology including morbidity and outbreak

surveillance (Table 2). Other VRE-colonised patients can be man-

aged using standard precautions (horizontal measures) enhanced

by including consistent routine surface disinfection (see below).

Surveillance

VRE (and other MRO)morbidity surveillance is essential for guiding

the focus of prevention efforts and assessing the impact of inter-

ventions. At a minimum, VRE blood stream infections should be

documented. In view of the evidence that most nosocomial VRE

and VSE are drawn from the same clonal cluster, monitoring of all

healthcare-associated enterococcal bacteraemia is advisable. It is

essential that the laboratory submits sterile site enterococcal isolates

for vanB PCR testing as some vanB enterococcal isolates are

phenotypically susceptible to vancomycin.

Infection control alerting of identified VRE cases (colonised or

infected) assists case management and may identify a localised

increase in cases.

Standard precautions

Antimicrobial stewardship

Antibiotic stewardship (AMS) is fundamental in the control of

major hospital pathogens. In particular, restriction of the use of

extended-spectrum cephalosporins, quinolones is of proven worth

for VRE,MRSA,MRGNandC. difficile. Intervention studies that have

had a measured impact on resistance usually have reduced usage

below 10 DDDs/1000 patient-days for third generation cephalos-

porins and below 30 DDDs/1000 for quinolones30. In order to

achieve such reductions, replacement with antimicrobial agents

that have lesser ecological effects is necessary. The relative

Table 2. Control measures for VRE.

Standard precautions (horizontal measures) Targeted additional (vertical) measures

Surveillance Surveillance: active screening for VRE colonisation

Antimicrobial stewardship Isolation of VRE-colonised patients under transmission-based contact
precautions

Hospital design Outbreak interventions

Hand hygiene Advanced environmental decontamination measures for high-risk units

Control of potential fomites Chlorhexidine-containing wash cloths for patient bathing

Enhanced environmental cleaning and disinfection

Aseptic practices
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ecological effects of cephalosporins are uncertain. Ceftriaxone may

be the most important agent to restrict26.

The new Australian Safety and Quality standards now require all

facilities to have in place AMS programs, which is an important first

step31. These programs now need to drive down unnecessary

antimicrobial usage and target drug therapymore effectively, where

possible avoiding empiric use of agents associated with adverse

MRO and C. difficile ecological effects.

Hospital design

There are extensive considerations required in order to optimise

infection prevention, such as decisions about the number and type

of single rooms and the provision of adequate numbers of toilets.

Where possible, dedicated toilets and bathrooms for each patient

location are required. All surfaces and equipment must be optimal

for routine cleaning and disinfection. Antimicrobial surface materi-

als and coatings require consideration for higher risk locations,

including bathrooms and toilets. The Australasian Health Facility

Guidelines are an excellent resource32. Toilets in hospitals should

have lids that automatically close and flush; lidless toilets aerosolise

enteric bacteria during flushing causing extensive contamination.

Hand hygiene

There is good evidence showing that healthcare workers can carry

VRE on their hands from one patient to another. Such transmission

is more likely to occur when healthcare workers are non-compliant

with recommended hand hygiene practice. Consistent compliance

with all five components of the WHO Standard is essential. Gloves

and impervious gown may also be required if contact with body

substances is anticipated.

Provision of hand hygiene facilities/materials for patients is impor-

tant in acute and subacute healthcare, including residential aged

care. Facilitation of patient hand hygiene after toileting and at other

times is advisable.

Control of potential fomites

Contamination of the environment and equipment occurs from

patients colonised or infected with resistant organisms. Staff cloth-

ing, stethoscopes, phones, lanyards, gowns and other reused items

are frequently contaminatedduring clinical care. Clothing standards

such as bare-below-the-elbow are especially important for high risk

locations (Table 1) as clothing sleeves transfer microorganisms as

efficiently ashands and thepresenceof rings,wristwatches and long

sleeves or coats impede effective cleaning of hands prior to patient

care.

As a minimum, it is essential that all reusable patient equipment is

cleaned and disinfected prior to patient use. Use of patient-

dedicated equipment is preferred wherever reliable cleaning and

disinfection cannot be assured.

Enhanced environmental cleaning and disinfection

Admission to a roompreviously occupied by a patientwith aMROor

C.difficile increases the riskof acquisition.Moreeffective systemsof

room decontamination are required, especially for high risk units

(Table 1) and are shown to markedly reduce the risk of VRE (other

MROs and C. difficile) acquisition compared with conventional

methods and should become part of the standard of care for high

risk units33.

The original statement of the standard precautions model required

regular (at least daily) cleaning and disinfection of near patient

surfaces, bathrooms and toilets regardless of whether the surface

appeared clean or not34. This is in contrast with the current Aus-

tralian Infection Control Guidelines that do not specify disinfection

except in certain circumstances35. Most jurisdictions in Australia

have now implemented more stringent routine cleaning and disin-

fection requirements.

The environmental audit methods for high risk units need to go

beyond a visibly clean standard to provide evidence that a surface

has actually been cleaned (e.g. by using a fluorescent marker

system) and/or whether there is residual bioburden on the surface

(e.g. ATPase detection systems or microbiological culture). This

information provides essential feedback for all staff who clean and

disinfect, which will increase compliance and effectiveness.

The independent importanceof theenvironment is shownbya large

recent study from Melbourne; high levels of hand hygiene compli-

ance that were sufficient to reduce hospital MRSA were still asso-

ciated with continued increases in VRE transmission. VRE control

was eventually achieved by an augmented program of routine

environmental disinfection with a hypochlorite36.

Aseptic practices

Invasive infection may be triggered by poor aseptic practice during

an invasive procedure, duringmanipulation of an invasive device or

during preparation of parenteral medication. Routine attention to

asepsis training and audits of aseptic practice are now required in

Australia by the Safety and Quality standards31 and is an important

way to reduce morbidity from MROs including VRE.

Targeted additional (vertical) measures

Additional measures are warranted in high risk units and for VRE-

colonised patients at high risk of transmission or infection (Table 1).

The economic, patient and care impacts of isolation are consider-

able and single room availability is often limited. Optimising local
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compliancewith enhanced standardprecautions andVREmorbidity

data should be considered closely before adoption ofmore targeted

controls.

Surveillance: active screening for VRE colonisation

Active screening is often considered in the following situations:

* patient contacts of VRE patients during outbreaks and periods
ofhigher transmission risk todetermineextentof transmission
and its possible route

* high risk unit patients, dependent on local prevalence
* outbreaks: for detection,monitoring and identification of new
and possibly more virulent strains of VRE (sentinel
surveillance)

* ‘clearance’ documentation if that is supported by local
guidelines.

Screening plans need to be prepared in the light of the local VRE

prevalence situation (colonisation and infection). The usual screen-

ing specimen sites are stool, rectal or perianal swab. Optimal

collection and laboratory methods are important to ensure ade-

quate test sensitivity and specificity. Early post-exposure screening

of contacts has poor sensitivity unless repeated later. Direct PCR

methods for VRE have a high false positive rate in regions like

Australia where vanB carriage by non-enterococcal bacteria is

common and are not recommended.

Isolation of VRE-colonised patients under transmission-
based contact precautions

This is recommended for VRE-colonised patients in high risk units

(Table 1 or however defined).

Dedicated bathroom and toilet facilities are amust and the isolation

or cohort areas as aminimumshouldbe subject todaily cleaning and

disinfection. Single use glove and gowns should be used by staff

upon room entry without neglect of hand hygiene. Patient-dedicat-

ed equipment is required where possible.

In outbreak situations, where single rooms or cohort areas are not

available, it is worthwhile using gloves and gowns for interactions

even with non-colonised neighbouring patients in order to reduce

potential patient anxiety and increase the awareness and compli-

ance of clinical staff16.

Outbreak interventions

Systems need to be in place to detect outbreaks, especially changes

in VRE morbidity that may reflect emergence or introduction of a

more virulent strain. The comprehensive approach to outbreak

investigation and management is well described in other refer-

ences35 and well illustrated by the description of the recent WA

VRE outbreak11.

Staff compliance with enhanced standard precautions (above)must

be audited at the outset and all efforts made to ensure consistent

implementation of hygiene and antimicrobial stewardship mea-

sures. Known VRE-colonised patients should be isolated. Patients

with contact with VRE should be screened and pre-emptively

isolated pending results. One-off patient screening surveys may

identify hidden colonised patients. Strain typing provides confir-

mation of clonality and has the potential to identify transmission

linkages.

Use of skin disinfection with chlorhexidine wash cloths can be

considered in situations where control is proving difficult. A sys-

tematic review by Karki and Cheng included four studies that

reported the impact on VRE colonisation; incidence rate ratio (IRR)

was 0.43 (95% CI, 0.32–0.59). However, the six studies reporting

impact on VRE infection did not show a significant reduction (IRR of

0.90 (95% CI, 0.42–1.93))37.
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The number of microbial threats – in the form of newly

identified pathogens, infections crossing the species barrier

topeople, diseases adapting tonewenvironments, transmis-

sible drug-resistance genes and microbial agents appearing

inmore virulent forms –hasmultiplied to anunprecedented

degree. The epidemiology ofwell-known infectious diseases

has also been changing due to the globalisation of trade and

in response to immunisation campaigns. This evolving ep-

idemiologypresentsnewchallenges tocountries’healthcare

systems, in terms of both understanding and monitoring of

determinants of infections, as well as in terms of service

provision and the implementation of appropriate preven-

tionmeasures. In this articlewediscuss the concepts of early

warning systems and genome sequencing for public health

laboratory surveillance and outbreak detection and re-

sponse. The added value of these newmeans of surveillance

canbeseenwhenclinical andpublichealth laboratorydata is

harmonised, aggregated and shared.

Why early warning system are needed
Evidence suggests that traditional surveillance systems are vulner-

able to the incomplete and delayed reporting of public health

threats, highlightedby recent outbreaks.Manyoutbreakshave been

characterised bydelayed recognition and/or public health response.

Such delays diminish the window of opportunity tomount effective

response measures and are likely to be costly to society1. For

example, it was estimated that a one-week delay in the implemen-

tation of control measures for SARS in Canada resulted in a 2.6-fold

increase in themean epidemic size and a four-week extension of the

mean epidemic duration2. In addition, the rapid identification of

outbreaks and the implementation of control measures have been

crucial in limiting the impact of epidemics, both in preventingmore

casualties and in shortening the period during which the stringent

control measures were needed3,4. Not surprisingly, researchers’

attention has been directed to the development and evaluation of

early warning systems. The aspirational goal of these systems is to

improve the timeliness and accuracy of biothreat detection using

traditional and new sources of surveillance data. In contrast to

historical passive surveillance instruments, early warning systems

have capacity for the activemonitoringof historical data andprovide

automated alerts when aberrations in disease trends are identified.

Prospective detection of communicable disease

outbreaks
Public healthprofessionals havebeenvery goodat identifyinghighly

focal outbreaks where themajority of clinical cases occur in spatially

and temporally tight clusters. Sophisticated surveillance and early

warning systems are not needed to detect these outbreaks, as they

stand out dramatically from the background of sporadic cases. Of

course, outbreaks come inmany shapes and sizes, andwhen clinical

cases of infection are less concentrated in space or time, or have

lower attack rates, they are less visible and harder to detect. Our

public health colleagues expect that laboratory based surveillance

systems could assist in the identification of these events.

The identification, control and prevention of outbreaks relies on

interacting local, regional and national healthcare structures with

complimentary roles. They collect and generate different types of

data in relation to public health surveillance. It appears that pro-

spective laboratory based surveillance offers the most specific

surveillance signals. There is increasing evidence demonstrating

the value of rapid molecular profiling as a means of assisting

outbreak detection in hospital settings5,6. This can be of particular

importance as the monitoring of mobile genetic elements, which

spread antibiotic resistance genes, has become essential for suc-

cessful infectioncontrol. Inoneprospective study, automatedclonal
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alerts based on the real-time subtyping of hospital methicillin-

resistant Staphylococcusaureus (MRSA) isolates and temporal-scan

test statistics were 100% and 95.2% sensitive and specific in iden-

tifying outbreaks and more sensitive and timely than infection

control nurses6.

Tomeet the increasing demands for accurate early warning systems

microbiologists have applied advances inmolecularmicrobiology in

order to develop more rapid and easily standardisable methods of

fingerprinting pathogens with epidemic potential. For example,

multiple locus variable-number tandem-repeat analysis (MLVA) of

Salmonella enterica serovar Typhimurium (STM) has been intro-

duced by several jurisdictional enteric reference laboratories in

Australia in order to improve the resolution of public health sur-

veillance for human infections. Prospective MLVA typing of STM

allowed the detection of community outbreaks, provided timely

early warnings about possible STM clusters and demonstrated the

sustained level of STM diversity. In addition, the monitoring of

novel and persistent MLVA types offered a new benchmark for

STM surveillance7.

The increasing complexity of bacterial typing methods and the

interpretation of their results demand close collaborations between

microbiologists and epidemiologists to ensure that alerts generated

by early warning systems are sufficiently specific and sensitive and

correspond well to epidemiological clusters. These collaborations

are fostered through multidisciplinary networks. Such networks

for subtype-based surveillance are being developed and adopted

around theworld for an increasingnumberof pathogens. TheEnter-

net system, coordinated out of the European Centre for Disease

Prevention and Control, provides surveillance and early warning

across the EU member states. The PulseNet model has been

deployed in the USA and Canada for many years, and a memoran-

dum of understanding permits each country to consult the other's

database of PFGE patterns. PulseNet International, with regional

grouping for LatinAmerica, Asia/Pacific, theMiddleEast andEurope,

is now routinely exchanging patterns and information among a

growing group of countries, paving the way toward a truly global

network for subtype-based surveillance8. Inparallel, thenetworks of

national field epidemiology programs strive to develop uniform and

collaborative investigativemethods tomatch thegrowing laboratory

capacity in prospective high-resolution subtyping. In Australia, a

combined program for active surveillance and collaborative inves-

tigation, called OzFoodNet, now includes all of the states9. The

appealing assumption is that new ways of networking and data

sharing could enable the aggregation of clinical and public health

data to support both clinical care and disease surveillance10.

Australian Biosecurity Intelligence Network

(ABIN)
eResearch tools and open-source software for data mining and

visualisation are gaining recognition and popularity among biomed-

ical scientists. The Australian Pathogen Intelligence Community

Space (APICS) (https://www.abin.org.au) aims to improve infectious

disease surveillance by providing a secure online environment for

collaborative research and the sharing of data, knowledge and

resources between specialist pathology and microbiology provi-

ders, epidemiologists, public health professionals and multidisci-

plinary research teams. APICS developed data management and

analysis tools for the secure uploading, trend/cluster analysis, and

spatial/temporal visualisation of infectious disease data. Disease

modules were built by integrating diverse pathogen information,

including molecular and phenotypic subtyping and profiling infor-

mation andde-identified clinical and geo-demographic patient data.

Functionality was also created to incorporate external population

and socioeconomic information from the Australian Bureau of

Statistics. Three test disease modules were used to evaluate the

utility of APICS. These modules were based on Mycobacterium

tuberculosis genotyping and antibiotic resistance data, serotyping

and antibiotic resistance monitoring of Streptococcus pneumoniae

isolates associated with invasive pneumococcal disease and influ-

enza sub-typing and antiviral resistance data. Output from these

modules demonstrated the potential of APICS analytical and visu-

alisation tools to link infectious disease caseswith specific pathogen

profiles, to distinguish epidemic strains from sporadic or emerging

variants and to monitor spatio-temporal changes in pathogen sub-

types and resistance profiles.

Figure1 showsanoverviewof theAPICSapplication structure andan

APICS-generated map depicting the spatial clustering of pathogens

isolated from patients residing in different postcodes across the

eastern states of Australia. Wide-scale adoption of APICS has the

potential to create data sharing and analysis networks for the

prospective monitoring of pathogen transmission and changes in

pathogen/disease patterns. Network information could also be used

to pinpoint key areas for future infectious disease research and

optimise disease prevention/intervention strategies.

Genomics enhanced public health laboratory

surveillance
Recent advances in DNA sequencing technology have made whole-

genome sequencing (WGS) of pathogens of public health signifi-

cance, within a clinically relevant turn-around-time, both technically

and economically feasible. DNA sequencing offers important advan-

tages over other methods of pathogen characterisation. It provides

a universal solution with high throughput, speed and quality.

Sequencing is a standardised process regardless of the nature

of microorganisms, and different species of pathogens could be

processed simultaneously in a single sequencing run. This means

that WGS could allow economies of scale at local or regional

laboratories. Furthermore, a single WGS can often replace several

traditional tests that reference laboratories will perform on a single

isolate, while providing equivalent or superior-quality information.

DNA sequences also represent an indisputable and possibly ‘future-

proof’ data format amenable to exchange between jurisdictional

laboratories and to comparison at the national and international
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levels. Finally, the potential utility ofWGS for public health has been

supported by the rapid growth of public databases with reference

genomes.

Table 1 highlights how WGS data can potentially enhance current

investigations. WGS analysis has become the ultimate high-resolu-

tion alternative to bacterial subtyping. It has led to the identification

of novel genomic targets for drugs and vaccines11, has provided a

new impetus for the study of pathogen epidemiology and evolu-

tion12,13 and has been instrumental in deciphering the origin and

trajectory of recent outbreaks14–16. Recent ground-breaking studies

from The Netherlands17, Canada18, Germany19,20 and the UK21,22

have highlighted the potential utility of large-scale genome analysis

for detecting and controlling outbreaks of communicable diseases.

Emerging evidence suggests that WGS-based identification and

characterisation of microbial pathogens improves monitoring for

emerging clones or new pathogens and enhances the resolution of

laboratory-based surveillance23. Specifically, this technology

enhances the identification and tracing of outbreaks in community

and hospital settings through the recognition of covert clusters as

well as reconstruction of most probable transmission events within

outbreaks. Recent proof-of-concept studies have demonstrated

WGS superiority to current subtyping methods24,25. However, the

vast majority of genomic data remains not medically actionable, at

(a)

(b)

MODULE 1 MODULE 2

Secure Data Respository (ABIN)

MODULE 3

S. pneumoniae
serotyping & antibiotic

resistance network 

MTB genotyping and
antibiotic resistance

network

Influenza virus
typing/subtyping &
anti-viral resistance

network
Moderator Moderator Moderator

Data providers

Reference Data Australian Bureau of
Statistics Data

Spatial and temporal
visualisation,

query extraction, etc.

APICS
Viewers

Data providers Data providers

Figure 1. Overview of the APICS application. (a) Schematic deptiction of the APICS structure, showing the different roles and access rights of
APICS members, including data moderators, data providers and data viewers, and the different sources of repository-input data. (b). A screenshot
example of APICS data visualisation, produced using the ABIN-mapping tool clustering function. Isolates of Mycobacterium tuberculosis from
the NSW mycobacterium reference laboratory, collected between 2010 and 2012 are clustered and represented as circles in their geographic
location. The size of circles corresponds to the number of cases clustered, which resolve to different degrees when the map is zoomed in and out.
(Courtesy of Ulzii Gurjav.)
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this time, as the WGS technology is still maturing and its cost-

effectiveness for public health surveillance and laboratory workflow

requires further assessment. The main added value of genomics-

enabled surveillance appears to be in the improved accuracy of case

clustering. Furthermore, WGS offers an unprecedented level of

resolution for distinguishing the degrees of relatedness amongst

bacterial isolates and compliments existing epidemiological tools by

providing a means to reconstruct recent chains of transmission,

identify sequential acquisition of strains and detect cryptic out-

breaks that might otherwise go unnoticed. WGS is also effective at

determining whether isolates within a potential cluster are unrelat-

ed, thereby saving time and resources on outbreak investigations.

New analytics for public health laboratory

surveillance and early warning
The plummeting cost of sequencing has led to a radical shift in the

bioscience capacity bottleneck from the generation of data to its

analysis. The linkage of structured genomic data with the unstruc-

tured information captured in scientific literature has emerged as

oneof themost appealingdomains for the ‘newanalytics’. Genomic

databases have grown exponentially and peer-reviewed publica-

tionsmadeavailable throughNCBIPubMedhavegrownat the rateof

>4.8%, or more than two thousand new entries per day. Clearly the

increased quantity of scientific and public health information is

reaching thepointwhere it cannot be sustainedby current analytical

practices. We argue that one possible solution could be software

robots or ‘bots’26. They have proven their effectiveness in accessing

resources across the Internet and analysing the results to gain

knowledge, which is then applied to fulfil specific tasks. Recent

ground-breaking projects such as RoboEarth� (www.roboearth.

org), which has been building a parallel WWW for robots that can

share information and learn from each other, are generating rad-

ically new data analysis techniques. Crucially, such robots could

retrieve newly published genome sequences and integrate them

with other data sources. This would represent a major scientific

advance since no single library alone can index the entire science

space. Web robots can continuously mine the knowledge space,

searching for relationships following awell-validated ABC-principle,

in which concepts A & C have no direct relationship but are

connected via shared B intermediates. Examples of such relation-

ships or events of public health significance are new ‘pathogen-

gene’ associations, pathogen-gene-syndrome associations, or

known associations in a new geographic location. However, these

new analytics are unlikely to ever replace human judgement. Their

role is to support the increasingly collaborative efforts of pathogen

discovery and characterisation conducted by teams of microbiolo-

gists, clinicians, molecular biologists, public health professionals

and statisticians27–30.

Conclusions
Robust and flexible surveillance methods, standardised and rapid

pathogen subtyping networks, and collaborative epidemiological

investigation strategies will be the marks of a successful approach

to controlling communicable infections in the coming years. The

development of the ‘smart analytics’ will transform the use of WGS

for public health surveillance at regional, national and global levels.

In particular, the simultaneous consideration of synergistic and

dynamically evolving lines of evidence such as microbial genomics

and population studies of infectious disease epidemiology will

enhance the resolution of the detection and monitoring of infec-

tious disease outbreaks. The exponential growth in available

microbial genomics data opens a unique opportunity to start

Table 1. Potential added value of genomics enabled public health laboratory surveillance.

Levels of analysis and relevant clinical and public health
questions

Examples of analytic approaches

Pathogen level: How are microbial populations changing over time? Ecological, phylogenetic and phylogenomic analyses of microbial
population structures

Patient (host) level: What are the differences between strains causing
the infection and colonising the patients?

Identification of genomic markers of virulence, within-host pathogen
genome dynamics

Hospital level: Is there patient-to-patient transmission? Tracing of transmission events, directionality of transmission and
identification of transmission clusters and possible super-spreaders by
SNP-based or gene-by-gene (e.g., whole genome MLST31) comparisons
of sequenced microbial genomes; between-hosts pathogen genome
dynamics

Regional level: Is there any spread of pathogens between hospitals or
within communities?

Tracing of micro-epidemics and examining pathogen and patient
networks

National and international levels: Are there any endemic/successful
clones and what are their properties?

Detection of markers associated with adaptation, patterns of gene
transfer and genome dynamics in clonal variants; temporal and spatial
spread of dominant sequence types and their relative antigenic diversity
and transmission fitness; spatial and temporal clustering of large
community outbreaks30.
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addressing the ‘big’ epidemiological and evolutionary questions,

such as revealing the origins of novel infections, pathogen genome

dynamics and patterns of gene transfer.
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Although automation is widely used in clinical chemistry,

hematology and immunology laboratories, the microbiolo-

gy laboratory has been slow to adopt automation. Somemay

criticise microbiologists as being overly conservative and

this may seem justified when we recognise that many of the

fundamental technologies used in today’s laboratories have

existed for more than 100 years (e.g. petri dishes of culture

media, biochemical tests for organism identification,micro-

scope for observing organisms on glass slides). Some testing

in microbiology has been automated, most notably blood

cultures, biochemical identification and antibiotic suscep-

tibility testing, butmore comprehensive laboratory automa-

tion has been challenged by the variety of specimens

submitted for microbiology evaluation, complexity of pro-

tocols for processing the specimens, and the technical skills

required to evaluate and interpret cultured specimens.

Despite these challenges and the apparent reluctance for

many microbiologists to forsake tradition, we are at the

threshold of major changes and opportunities in the micro-

biology laboratory with the introduction of laboratory au-

tomation. In this review I examine the existing automation

platforms, how clinically significant value can be realised

from the systems and the path forward for additional oppor-

tunities. For thesakeofclarity, Iwill restrictmycomments to

automated platforms currently in routine clinical use and

not discuss systems under development or promised.

Automation of the clinical microbiology laboratory is a multifunc-

tional process that includes preanalytical processing of specimens;

preparation and examination of microscopy slides; incubation and

imaging of inoculated cultures; identification and antimicrobial

susceptibility testing of isolated organisms; automated movement

of plates between specimen processing systems, incubators and

work stations; and software to unify the system components and

provide laboratory management tools to increase laboratory effi-

ciency and manage microbiology data for analysis and reporting.

Three companies are most active in microbiology automation:

Becton Dickinson Diagnostic Systems (BDDS; Sparks, MD, USA),

bioMerieux (Marcy L’Etoile, France) and Copan Diagnostics (Bres-

cia, Italy). In 2010 BDDS acquired the Innova automated specimen

processor from Dynacon and in 2012 BDDS acquired KIESTRA Lab

Automation, a company in The Netherlands with extensive experi-

ence inmicrobiology automation with an initial entry into industrial

microbiology almost 20 years ago, installation of the first automated

clinical laboratory in 2006 and currently with more than 40 clinical

systems (Figure 1) in Europe, the Middle East, Australia, Canada

and the United States. Copan Diagnostics has recently introduced

their automated WASPLab, a track-based system with automated

specimen processing and incubation in Canada and Europe, and

bioMerieux is currently evaluating their standalone specimen

processors and automated incubators in Europe.

The most extensive work is with automated specimen processors,

with four in current use: Innova (BDDS), InoqulA (BDDS), PREVI

Isola (bioMerieux) and WASP (Walkaway Specimen Processing;

Copan Diagnostics). Comprehensive summaries of these systems

have been previously reported1–3 so my comments here will be

limited. Evaluation of the systems should be based on throughput

(number of specimens that can be processed); ability to inoculate

plates, broths and glass slides; ability to obtain isolated colonies on

inoculated plates; cost of consumables (pipettes, loops or other

inoculation devices); and safety (ability to uncap and recap speci-

men containers, use of HEPA filtered air). Limited studies have

demonstrated improved recovery of isolated colonies4,5, but sys-

tematic comparisons of these instruments with different specimen

types have not been reported and, although improved isolated

growth should reduce the delays and consumable costs associated

with theneed for colony subcultures, the clinical value remains tobe

demonstrated.

Wescor (Logan, UT, USA), bioMerieux, andGG&BCo (Wichita Falls,

TX,USA) currentlymarket instruments that automate staining slides

inoculated with clinical specimens; however, a systematic evalua-

tion of these instruments with different specimen types is not

available. Additionally, no company offers technology to interpret

Gram-stained slides, a labour intensive and technically demanding

task thatwouldclearlybe improvedwithautomatedstandardisation.

Although such technology exists in haematology and cytology

laboratories, the requirement to detect and discriminate variably

sizedbacteria incomplex specimenmatrices is a technical challenge.

I believe the most innovative component of the automated micro-

biology laboratory is the incubator-imaging systems that are con-

nected to the specimen processors. Inoculated plates are

transferred into and out of the incubator by a moving track system,

plates are moved into and retrieved from pre-assigned incubation

slots by robotic arms, and automated camera systems are
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programmed to capture images of the surfaces of inoculated plates

at predetermined intervals of time. This level of automation elim-

inates delays in placing plates into an incubator; allows growth to be

monitored over time (such as what we can currently do with our

automated blood culture and identification/susceptibility testing

platforms); andavoids the inefficienciesof searching forplates in the

incubator, premature examination of plates before growth is pres-

ent and placement of plates at the workbench for hours while the

technologist performs his or her work. The advantages of this

automation are enormous but the technical complexities should

not be underestimated. The speed required to capture images, as

well as move more than 1000 plates in the incubators, impact

significantly on theutilityof thisdynamicdigital imaging.Theclinical

value of the incubator-imaging systems will not be realised unless

the robotic movements can be done randomly as required by

technologists processing the cultured specimens.

Traditionally, culture plates are examined once a day when staff is

ready to read theplates rather thanwhen thecultureplates are ready

to be read. Additionally, inefficiencies and processing delays are

introduced because multiple technologists may work with individ-

ual specimens and there is no visual record of the growth observed

previously. In 2006 the introduction of the KIESTRA automated

imaging systems in clinical laboratories allowed sequential imagesof

plates to be examined simultaneously, the magnification of images

could be increased to more closely examine colonies and a perma-

nent record of the images was created for quality control purposes.

Because the plates remained in the incubator until additional work

was required (e.g. subculture, identification tests, antimicrobial

susceptibility tests), the bacterial colonies continued to grow under

optimal incubation conditions while the images were examined

remotely in distraction-free reading rooms.

Currently lacking in the automated laboratories is integration of

blood culture instruments, identification platforms such as

MALDI mass spectrometry, antimicrobial disk and MIC

susceptibility testing, and molecular diagnostic systems. True

total laboratory automation will not be realised until this

integration occurs. The most critical system is blood culture

instruments. Although current instruments can monitor bottles

and indicate when microbial growth is detected, a medical

technologist must manually perform subcultures, Gram stains,

and identification and susceptibility tests. This introduces a

significant processing delay during periods of high activity in the

laboratory or when staffing is not available such as when the

microbiology laboratory is closed. Integration of the workup of

positive blood cultures will significantly improve the clinical value

of automation.

One aspect of microbiology automation that has not been given

sufficient attention is the ability to modify traditional work habits to

increase laboratory efficiency and decrease turnaround time for

clinically meaningful test results. It is said that automation of pre-

analytical specimen processing will decrease the labour needs

resulting in personnel savings. That is true but will only be realised

if work habits are altered to take full advantage of the automation.

For example, most laboratories will prioritise specimen processing

throughout theday (suchas culturingall urinesor all sputa together)

or limit the types of specimens processed in evening or night shifts

when less experienced technologists are in the laboratory. This is

believed to improve efficiency in manual processing; however, this

also results in handling specimensmultiple times, delays processing

specimens and creates additional paperwork. This traditional

approach to specimen processing is unnecessary with automated

platforms.

Figure 1. BD KIESTRA TLA system with one automated specimen processor, four automated incubator-imaging systems and seven integrated
workstations.
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I believe an evenmore important workflow change can occur using

the imaging systems and lab management software. For example,

sequential imaging can determine when a specimen has sufficient

growth for further processing. This can either be done for individual

cultures or, more appropriately, used to define when specific

specimen types (e.g. urines, sputa, wound specimens) should be

available for processing. Images of specimenswithnogrowth canbe

reviewed quickly in batch mode and attention then focused on

specimenswithgrowth. Softwarecanmonitor thenumberand types

of positive cultures in the incubator and determine when the

cultures will be ready for further processing. This allows the labo-

ratory manager to predict when work will be available throughout

theday and tomatch technical staffingwith theflowofwork for each

specimen type resulting in increased efficiency and decreased time

to results. Using these laboratory management tools significantly

decreased staffing needs and increased productivity in one user of

the KIESTRA automated platform in England (personal communi-

cation, Nicola Newman). The advantages of laboratory automation

with a system such as KIESTRA is summarised in Table 1.

This is an exciting time for microbiologists. We have witnessed the

recent introduction of mass spectrometry for rapid, highly accurate

organism identification, molecular platforms for performing highly

multiplex assays and now laboratory automation with the promise

of improved laboratory efficiency and decreased time to results. I

believe our only limitation is the imagination for using these tools.
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Table 1. Advantages of laboratory automation.

Traditional microbiology Automated microbiology Impact

Specimens processed in batches Specimens processed on receipt in lab Eliminates multiple handling steps and
processing delays

Technologists select and inoculate media
according to processing protocols

Automated programmed media selection and
specimen inoculation

Decreased processing errors; reproducible
inoculation of media; improved isolation
of colonies

Inoculation of media with predetermined
specimen volumes and streaking pattern

Inoculation of media with user-defined range
of specimen volumes and streaking patterns

Specimen volumes and streaking patterns
selected for optimal recovery of isolated
colonies

Manual transfer of inoculated plates to
incubator

Automated transfer of inoculated plates to
incubator

Elimination of delays from inoculation ofmedia
to placement in incubator

Manual stacking of inoculated plates in
incubator

Automated placement of plates in incubator
slots

Improved circulation of incubator air;
elimination of time required to find and retrieve
inoculated plates

Manual examination of inoculated plates Automated imaging of plates at user-defined
intervals

Creation of progressive images of colony
growth; ability to differentiate plates with
growth from negative cultures; plates remain
in incubator maximising culture growth

Written/electronic record of work Electronic/digital record of work Digital image library optimises processing
of specimen by multiple technologists;
decreases workflow inefficiencies; improves
quality control of processing

Plates examined at workstation Plates examined at workstation, in reading
room, or remotely

Permits plates to be examined in a distraction-
free area and review of plates remotely by
expert microbiologists

Processing cultures determined by schedule of
technical staff

Processing cultures determined by schedule
of culture growth

Shortest time to results; maximum staffing
efficiency
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It is estimated that 180000 cases of hospital-acquired infec-

tions occur in Australian hospitals each year1. Many of these

follow colonisation of patients by nosocomial bacterial

pathogens. Identifying these acquisition events is necessary

to target infection control interventions and to accurately

estimate the burden of hospital-acquired infections on our

healthcare system. Strain typing is required to reliablymon-

itor these nosocomial acquisition events, particularly for

organisms with high background incidence like Staphylo-

coccus aureus. Traditional strain typingmethods have been

used in a limited, retrospective fashion to confirmsuspected

outbreaks, but newer technologies allow routine, prospec-

tive strain typing to detect transmission soon after it occurs

and whole genome sequencing allows the identification of

the direction of transmission chains.

The past

Since its introduction in the 1980s, pulse field gel electrophoresis

(PFGE; Figure 1) of restriction enzyme fragmented genomic DNA

has been the mainstay of bacterial strain typing for investigation of

outbreaks, particularly in the nosocomial setting, but also for other

applications, including foodborne illness outbreaks in the commu-

nity. PFGE has high discriminatory power for most bacteria and

guidelines are published for the interpretation of banding patterns

to classify isolates as likely to be related or unrelated2. The main

disadvantage of PFGE is that it is slow and labour intensive (and

therefore expensive). A maximum of ~25 isolates can be examined

on a single run, which takes 3–5 days to perform.

Another difficulty with PFGE is interpretation and sharing of results.

Interpretationof thefingerprint patternproduced canbe somewhat

subjective, and inter-run and inter-laboratory comparison of results

can be difficult, even with the assistance of software such as

BioNumerics (Applied Maths Sint-Martens-Latem, Belgium).

As a result, PFGE-based analysis of nosocomial outbreaks tends to

occur in a retrospective fashionwhere infection control surveillance

has identified a cluster of infections (or colonisations) in a discrete

geographic area and time period. Strain typing of the isolates is then

used to determine whether or not the cluster represents a true

clonal outbreak.

While this retrospective approach is useful for surveillance of

relatively infrequently occurring pathogens, for more commonly

occurring bacteria (such as methicillin-resistant Staphylococcus

aureus [MRSA] in settings of high endemicity) this approach is

more difficult as clusters representing outbreaks may not be dis-

cernible among the background ‘noise’ of endemic cases.

The present

The development of polymerase chain reaction has led to a prolif-

eration of newmolecular strain typingmethods, which are low cost,

rapid andhigh throughput.Manyof these also have the advantageof

producing results that can easily be expressed in a digital format,

allowing easy inter-run and inter-laboratory comparison. One such

method is multi-locus variable number of tandem repeats analysis

(MLVA). Here, several loci, each of variable length between isolates

(due to a structure composed of varying numbers of repeat units)

are amplified, the length of the PCR product precisely determined

(ideally by capillary electrophoresis) and the number of repeat units

at each locus determined. This series of numbers represent the

MLVA type for a given isolate. In Australia, MLVA has become the

standard method for strain typing of Salmonella in the surveillance

of foodborne outbreaks3. A similar method (mycobacterial inter-

spersed repetitive units, or MIRU, typing) is used for Mycobacteri-

um tuberculosis.

Sequencingof various lociwithin thebacterial chromosomehas also

emerged as an important method of bacterial strain typing. In

Staphylococcus aureus, sequencing of the staphylococcal protein

A (spa) gene has been shown to be a useful typing method and is

used routinely for surveillance of nosocomial transmission in some
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European centres4. Multilocus sequence typing, where several

(typically seven) housekeeping genes are examined, is useful for

studying overall population genetics of a species but (with some

exceptions) lacks the discriminatory power needed for outbreak

investigation.

Determining the presence or absence of a panel of genetic targets

within the bacterial chromosome (binary typing) can also be a

powerful molecular typing method. This approach forms the basis

of M. tuberculosis spoligotyping and we have developed a binary

typing method for MRSA that is used for surveillance of nosocomial

MRSA outbreaks5.

These PCR-basedmethods are generally inexpensive, high-through-

put, highly discriminatory and rapid, allowing them to be used in a

different way to the retrospective approach seen with PFGE. These

methods can be used prospectively, where all isolates are typed

routinely. When a cluster of indistinguishable isolates are seen

within a nominated time frame and geographic location, an alert

can be conveyed to the public health or infection control unit (in the

case of nosocomial surveillance) for further investigation. This

prospective approach is essential for pathogens of high endemicity

and is used routinely for surveillance of Salmonella,M. tuberculosis

and MRSA.

The future

While whole genome sequencing (WGS) currently has many limita-

tions – special bioinformatics skills, software and computing equip-

ment are required to analyse thehuge volumeof data generated and

much work is yet to be done to determine how best to interpret

results to define outbreaks – studies are beginning to be published

investigating the utility of whole genome sequencing in outbreak

investigation, both in hospital and community settings6,7. One

major advantage of WGS is the ability to infer the directionality of

transmission events and therefore the timeline of an outbreak, by

examining the accumulation of single nucleotide polymorphisms in

outbreak isolates over time. With the promise of ultimate discrim-

inatory power and with the cost falling dramatically in recent years,

WGS is likely to replace existing strain typing methods over the

coming decades.
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Figure 1. Left: the past – PFGE. Middle: the present – MRSA binary typing. Isolates are in columns and binary targets are in rows. Each target is
represented by two DNA probes complementary to different regions of the target. Discordance between the two probes for a given target is due to
sequence variation at the probe binding site. Right: the future – next generation sequencing in the diagnostic microbiology laboratory.
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Acinetobacter baumannii is now considered a highly im-

portantpathogen implicated inhospital infections, especial-

ly in critically unwell patients in the intensive care unit. The

presence of mechanical ventilator tubing, central venous

lines, urinary catheters and exposure to broad-spectrum

antibiotics are important risk factors. The combination of

intrinsic and acquired antibiotic resistance mechanisms,

virulence and survival factors, and the ability to cause wide-

spread hospital outbreaks, make this a truly challenging

pathogen in hospital-acquired infections.

Acinetobacter species are gram-negative, non-fermenting, often

coccobacillary bacteria that belong in the family Moraxellaceae.

The genus currently comprises 34 species, of which 25 have

valid names and nine are named by their genomic group, with

A. baumannii the most important in human infections.

A. baumannii is part of the A. calcoaceticus–A. baumannii

complex, which includes A. calcoaceticus (genomic species 1,

an environmental species of limited clinical significance),

A. baumannii (genomic species 2), A. pittii (genomic species 3)

and A. nosocomialis (genomic species 13TU), which are all genet-

ically related and difficult to distinguish phenotypically1,2.

A. baumannii has been found to be associated with greater resis-

tance to antibiotics compared with other genomic species3 and

higher mortality among bacteraemic patients compared with

A. nosocomialis4.

In clinical practice, A. baumanniimay be difficult to decolorise on

gram staining and may be falsely reported as gram-positive cocci

from direct smears from blood culture bottles. A. baumannii will

grow on standard, non-selective agar after 24–48 h incubation and

colonies are non-hemolytic and smaller than Enterobacteriaceae

on blood agar. Growth onMacConkey agar appears as a non-lactose

fermenter. Most automated systems perform poorly in speciating

Acinetobacter. Vitek2, API 20NE (bioMérieux, Marcy l’Etoile,

France) and Phoenix (Becton Dickinson, Franklin Lakes, NJ, USA)

systems will only identify down to A. calcoaceticus–A. baumannii

complex. Matrix-assisted laser desorption ionisation-time of flight

(MALDI-TOF)mass spectrometry systems appear to perform better

at species differentiation than phenotypic systems5. For outbreak

investigation, molecular typing has traditionally been performed

using pulse-field gel electrophoresis (PFGE); however, newer tech-

nologies such as repetitive sequence-based PCR and broad-range

PCR/electrospray ionisation mass spectrometry, both semi-auto-

mated systems, can generate rapid results with good concordance

with PFGE6. Multilocus sequence typing (MLST) scheme, based on

the nucleotide sequences of several housekeeping genes, also

provides a high level of concordance with PFGE and is mainly used

for global epidemiology studies7. Although inconsistencies have

been reported with some of the selected genes (namely gyrB and

gpi), typing isolates by their blaOXA-51-like gene has been shown tobe

another useful tool to quickly and easily identify isolates belonging

to certain epidemic lineages8.

A. baumannii has been implicated in hospital outbreaks and in the

endemic spread of resistant clones throughout the world9–11. It is a

hardy organism that can survive in bothmoist anddry environments

and has been found on a wide range of hospital surfaces. Outbreaks

are classically clonal but horizontal-gene transfer has been an

important mechanism for antibiotic resistance dissemination.

Biofilm formation is a characteristic virulence attribute of

A. baumannii (Figure 1) and this facilitates its ability to cause

disease, particularly ventilator-associated pneumonia, bloodstream

and urinary-tract infection, burn wound infections and less

commonly hospital-acquired meningitis. Of most concern is the

emergence of antibiotic resistance in A. baumannii. In an EU wide
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point-prevalence study, 81.2% of A. baumannii isolates were re-

sistant to carbapenem antibiotics (compared with 31.8% of

P. aeruginosa isolates)12. Large inter-country variation has been

observed, with generally higher resistance reported from southern

Europe than northern Europe. In 2013, only two countries (Iceland

and Montenegro) reported no cases of carbapenem-resistant Aci-

netobacter spp. (CRAb) and six countries (Croatia, Greece, Israel,

Italy, Latvia and Lithuania) reported an endemic situation, with

CRAb regularly isolated from patients in most hospitals13. US-wide

surveillance data demonstrates that CRAb has grown nearly eight

times, going from 5.2% in 1999 to 40.8% in 201014. Similar data were

obtained from the Asia-Pacific region, where 42.3% of isolates were

non-susceptible to carbapenems15.

Acinetobacter species have a range of inherent enzymatic and

membrane-based resistance mechanisms, which can be upregu-

lated under selection pressure. The antimicrobial classes that re-

main active include some fluoroquinolones (e.g. ciprofloxacin),

aminoglycosides (e.g. gentamicin, tobramycin and amikacin), car-

bapenems (imipenem, doripenem and meropenem), polymyxins

(polymyxin B and colistin), tetracyclines (tigecycline and minocy-

cline), trimethoprim-sulfamethoxazole and sulbactam (available in

combination with ampicillin). Unfortunately, acquired resistance

has now been reported to all of these agents through a range

of plasmid-mediated enzymatic resistance mechanisms (OXA

carbapenemases and metallo-beta-lactamases, aminoglycoside-

modifying enzymes and 16S rRNA ribosomal methylases), modifi-

cation of antimicrobial targets (topoisomerases, ribosomal proteins

and lipopolysacharide, which confers resistance to fluoroquino-

lones, aminoglycosides and colistin, respectively), loss of outer

membrane proteins and upregulation of efflux pumps that can

confer resistance to beta-lactams, fluoroquinolones, aminoglyco-

sides and tigecycline.

Detection of carbapenemases remains a challenge for the clinical

laboratory. Modern technology such as MALDI-TOF MS and the

biochemical-based method CarbAcineto NP test (adapted from the

Carba NP test), as well as faster turnaround times for molecular

techniques will continue to help in the timely identification of these

resistant clones and allow for earlier directed therapy and prompt

infection control procedures16.

The preferred anti-infective agents for serious, invasive Acineto-

bacter infections are carbapenems (meropenem, doripenem or

imipenem). Ertapenem is not effective against Acinetobacter.

Last-line agents for carbapenem-resistant organisms include sulbac-

tam (formulated as ampicillin-sulbactam in the United States),

polymyxin class of antibiotics and tigecycline, which are often used

in combination with other agents for synergy and to prevent the

emergence of resistance that can occur with monotherapy. A range

of combination therapies have been studied in vitro and in animal

models, and combinations including a carbapenem plus a polymyx-

in, even when the organism is resistant to the carbapenem, appears

most active. Combinations with non-traditional antimicrobials have

also been studied, the most common of these being the addition of

rifampicin to a carbapenem and a polymyxin17.

Infection prevention for CRAb is also an important part of manage-

ment and includes isolation, contact precautions, optimal hand

hygiene and targeted environmental cleaning with hydrogen per-

oxide and peracetic acid18. Antibiotic stewardship should also be

performed inparallel. For outbreaks, an early case-control study and

sampling of potential environmental reservoirs are often required.
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Pneumocystis pneumonia (PCP), caused by the fungus

Pneumocystis jirovecii, is a life-threatening pulmonary in-

fection in immuncompromisedhosts.Solidorgantransplant

(SOT) recipients are among those at increased risk, with

infection attributed to reactivation of dormant colonisa-

tion1. Prior to the institution of routine antimicrobial pro-

phylaxis, the overall incidence of PCP in SOT recipients was

5–15%, with the lowest incidence in kidney recipients

(2–15%) and the highest, in lung and heart/lung recipients

(10–40%)2,3. Prophylaxis with trimethoprim-sulfamethoxa-

zole (TMP-SXZ) has reduced the risk of PCPby�91%andhas

largely eliminated PCP within the first year of transplanta-

tion. Prophylaxis is important since PCP-relatedmortality is

as high as 60% despite treatment with TMP-SXZ2,4,5. Late

infection was considered highly unusual1,6. However, the

optimal duration of prophylaxis is uncertain. The occur-

rence of recent PCP case clusters in kidney transplant units

in Europe and Asia (summarised in a review article; see

reference 6)6 and in Australia7 has challenged our current

appreciation of PCP as an ‘infection of the past’ outside

patients with HIV/AIDS. It also gives pause to the likelihood

of de novo infection, its mode of transmission and to the

validity of current antimicrobial prophylactic regimens

used, if any. This article outlines the clusters in Australia,

hypothesises why this may have occurred and presents the

recent consensus proposal for outbreak containment and
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prophylaxis against PCP. Details of the outbreaks in other

regions are not reviewed.

In organ transplant recipients, PCP typically presents with acute

breathlessness, dry cough and progressive respiratory failure with

normal lung auscultation; severe infection is common1,7. In

Australia, a nosocomial cluster was recognised, beginning in 2010

at a Sydney hospital and subsequently in almost half of the kidney

transplant units on the eastern seaboard over a 2-year period. In

the index unit, 14 transplant recipients were affected occurring

6.3� 5.3 years (mean� SD) after transplantation, well beyond the

hospital’s 6-month (TMP/SXZ) prophylaxis period7; this hospital

experienced a second cluster following discontinuation of prophy-

laxis (n=8 patients). Clusters then emerged in 10 other Sydney

metropolitan and district hospitals (n=38 patients) and seven

interstate units (n=36). In total, 95 PCP cases were identified

(87 in kidney recipients, 4 in liver recipients, 1 in a liver-kidney

recipient and 3 in kidney-pancreas recipients)8. There were 14

deaths (mortality 14.4%) and 10 additional kidney allograft

losses8. Epidemiological investigationswith detailed contact tracing

in the index and other hospitals found co-localisation of case

patients to common locations including that of patients cared for

interstate, facilitated by travel of infected patients8. In the index

hospital, independent risk factors included previous cytomegalovi-

rus (CMV) infection (odds ratio [OR] 65.9; P< 0.001), underlying
pulmonary disease (OR 10.1, P=0.002) and transplant dysfunction

(OR 1.6; P=0.006)7. These results are consistent with an earlier

study where risk factors for PCPwere the number and type (steroid-

resistant therapeutic modalities) of rejection treatment and CMV

infection9.

Multilocus sequence typing (MLST) involving four loci (the internal

transcribed spacer [ITS] 1 and 2 regions, mitochondrial large

subunit [mtLSU], B-tubulin [B-tub] and dihydropteroate synthetase

[DHPS] genes) targeting the known variable regions within the

P. jirovecii genome was undertaken to define the molecular epi-

demiologyof theAustralianoutbreak. Analysis of concatenatedDNA

sequences fromstrains recovered frompatients at the indexhospital

revealed a predominant ‘outbreak’ sequence type (ST1) with a

closely relatedsequence type,ST2,whichdiffered fromST1onlybya

singlenucleotidepolymorphism in themtLSU region7; theB-tub and

DHPS loci yielded the least genetic variability. Both ST1 and ST2

sequence types were phylogenetically distant from the prevalent

circulating P. jirovecii genotypes in the community at the time of

the outbreak7; MLST analysis of the remaining outbreak strains is

ongoing.MLST allele types and sequence types are accessible online

at: mlst.mycologylab.org.

In all instances, cohorting of all cases until patient death, or dis-

charge in many cases, was undertaken as well as the institution of

respiratory precautions. Ultimately the outbreaks were controlled

by universal TMP-SXZ prophylaxis (for 12 months) in all potentially

exposed patients. Sampling of air in the corridors and rooms of one

transplant unit by a solid-construct inhouse protocol (unpublished)

and sampling of clinic staff by analysing oral rinses yielded no

P. jirovecii DNA7.

The Australian experience indicates that patient-to-patient trans-

missionmediated by droplet spread best explains the epidemiology

of the nosocomial outbreaks, supported by individual exposure

history and molecular studies; this is consistent with findings from

other countries6,10–18. P. jirovecii strains of unique molecular-type

strains have been recovered from infected transplant recipients, yet

strains from different geographic regions have either been of

identical genotype12,17 or have been distinct between regions15,17.

Most recently, Rostved et al. observed three unique genotypes

among renal and liver transplant patients affected in three distinct

P. jirovecii clusters18. P. jirovecii may be recovered from air near

infected patients using liquid impactor air sampling devices, al-

though with markedly decreasing yields with increasing distance

from patients10; in the single Australian unit where air sampling was

attempted, P. jiroveciiwas not recovered from environmental air. It

is highly unlikely that therewas a common environmental source(s)

sincemultiple case clustersoccurred indisparate locations along the

eastern seaboard of Australia. P. jirovecii has evolved as a pathogen

highly specific for humans and no environmental forms have been

identified19,20.

Studies in the index hospital were also unable to implicate trans-

mission of infection from immunocompetent clinical staff popula-

tions7. LeGal et al.11 have reportedmolecular evidenceof colonised

patients as potential infectious sources of P. jirovecii, although

further evidence is required to support this hypothesis. Immunosp-

pressive therapy in Australia at the time of the outbreaks was

relatively homogenous andhad changed little over 5 years16. Finally,

the widespread dissemination of PCP cases and disease severity

infers that the outbreakP. jirovecii strains have increased virulence,

but this hypothesis is untested.

Refocussing of attention on outbreak control approaches has led

to consensus Australian recommendations by the Transplantation

Society of Australia and New Zealand21. These include the following

recommendations: (i) transplant programs should implement

immediate universal prophylaxis for all patients in the affected unit;

(ii) cohorting/isolation of patients for at least 14 days after initiating

PCP treatment; (iii) genotype examination; and (iv) minimum

duration of antimicrobial prophylaxis following de novo transplant:

kidney, 6–12 months; liver, 3 months, heart, 12 months; and lung,

indefinitely.

In conclusion, with TMP-SXZ prophylaxis, the epidemiology of PCP

in modern organ transplantation indicates that infection now pre-

sents late after transplantation, increasingly within clusters within

hospitals, and displays identical genotypes6,7,22. Hence most infec-

tion can represent a public health problem. Genotyping of all

isolates using standardised methods to identify related clusters and

mandatory reporting to allow preventative measures are worthy of

consideration.
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Enterobactericeae resistant to multiple antibiotics are an

increasingglobalhealthproblemthat impacts treatmentand

survival of hospitalisedpatients. In theseorganismsmuchof

the antibiotic resistance is due to a wide variety of ‘mobile’

resistance genes that have been captured from the chromo-

somes of different bacterial species and transferred to plas-

mids by the actions of various mobile genetic elements.

These plasmids can then spread between bacterial cells,

including different species. The association of resistance

genes with mobile elements, these mobile elements with

plasmids and plasmids with particular bacterial strains

means that spread of resistance genes can occur at several

different levels (Figure 1). Understanding more about the

contributions of these different processes and how they

interact may enable better prediction and control of the

spread of resistance.

Several different types ofmobile elements are able to capture genes

(which may confer antibiotic resistance) from various sources and

transfer them to plasmids, enabling spread into other species

including pathogenic bacteria. As gene capture events are rare,

each particular resistance gene is usually associatedwith a particular

mobile element; these elements have different characteristics but

some features are common (Figure 2)1. Insertion sequences (IS)

consist of little more than a transposase (tnpA) gene flanked by

inverted repeats (IR). These IR are recognised and processed by the

encoded transposase protein resulting in copying or transfer of the

IS to a new location (transposition). Some unusual IS (ISEcp1, ISCR

elements) can capture and move adjacent DNA when present as a

single copy, but formost IS two copiesflanking a resistance gene are

needed to form a composite transposon that moves as a single unit.

Transposons (Tn) usually have an additional resolvase (tnpR) gene

and can carry resistance genes internally. Tn and most IS create

direct repeats (DR) of characteristic length on insertion and these

are useful signatures for understanding relationships between dif-

ferent resistance regions and plasmids. Integrons (In) capture

resistance genes packaged as gene cassettes by site-specific recom-

bination between the integron attI site and the cassette attC site,

catalysedby an IntI integrase encoded in the integron. Thesemobile

genetic elements often provide a promoter for expression of an

associated resistance gene and can act as mobile regions of homol-

ogy, allowing additional movement of resistance genes by recom-

bination. The association of resistance genes with mobile elements

provides the first level of movement of these genes, allowing

transfer onto and between plasmids.

The ‘backbones’ of these plasmids carries genes for essential

plasmid functions such as replication, partitioning and stability,

some of which are involved in determining the ‘host range’ of the

plasmid, that is, which species (and maybe which strains) it can

transfer to and be maintained in. A mobile element/resistance gene

combination inserted into this backbone in a location that does not

disrupt plasmid integrity can act as a site for further insertions, so

that resistance genes and associated mobile genetic elements tend

to become clustered in complex multiresistance regions (Figure 2).

Conjugative plasmids encode the machinery necessary for ntheir

ownmovement between cells and tend to be large (up to~200 kb),

while mobilisable plasmids, which may be much smaller, lack

conjugation genes and can only move between bacterial cells if

‘helped’ by a conjugative plasmid2. This transfer of plasmids

H H

(1)

(2)

(3)

(4)

Figure 1. Different levels of movement of resistance genes. Mobile
elements can move resistance genes between different plasmids in
thesamecell (1), plasmidscanmove resistancegenesbetweenbacterial
cells (2), bacteria can move resistance genes between people (3) and
people can move resistance genes between hospitals, locations,
countries etc. (4).
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carrying resistance genes between bacterial cells creates a second

level of movement of resistance and multiresistance.

While the mechanisms by which different mobile elements move

and transfer resistance genes betweenDNAmolecules andbywhich

plasmids move between cells have been well studied and the

processes demonstrated experimentally, less is known about how

these processes operate in the ‘real world’. A few studies illustrate

movement of resistance genes between plasmids and plasmids

between isolates in a clinical setting. For example, the blaKPC-2

(‘Klebsiella pneumoniae carbapenemase’) gene was identified in

two different plasmid types in the same isolate as part of the same

transposon Tn44013, implyingmovement of this transposon. Trans-

fer of a plasmid carrying resistance genes between species in the

same patient has also been documented, for example, a plasmid

carrying the blaIMP-4 carbapenemase gene plus other resistance

geneswas identifiedfirst in a Serratia isolate and subsequently in an

Escherichia coli isolate from the same patient4.

A third level of movement is transfer of bacteria between patients,

which could occur via the hospital environment, medical instru-

ments or by carers interacting with multiple patients. Recently,

whole genome sequencing has been used to track the spread of

bacterial isolates carrying important resistance genes during

outbreaks. Single nucleotide polymorphisms (SNP) were used

to follow the course of an outbreak of K. pneumoniae ST258

(CC292) isolates carrying the blaKPC-3 gene in the USA5. A similar

approach was used in Australia to examine a neonatal outbreak of

E. coli, which was identified as ST131 carrying the blaCTX-M-15

gene that confers resistance to third generation cephalosporins6.

Generating complete plasmid sequences from this type of data is

more difficult than identifying resistance genes and SNPs, due to

long repeats (often mobile elements) that complicate assembly,

but would be useful in identifying which resistance genes are

travelling together andwhich plasmid type carries each set of genes.

A fourth level ofmovement is transfer of patients carrying resistance

genes between different healthcare facilities. A simulation using

hospital admission data from England demonstrated that connec-

tionsbetweenhospitals due topatient transfers canhave aprofound

effect on the epidemic behaviour of high-risk clones,with formation

of specialist centres with very large catchment areas potentially

greatly increasing the spread of resistance7. There are also many

examplesof the introductionofbacteria carryingdifferent resistance

genes by hospitalisation of patients who have been treated over-

seas8 and certain bacterial strains and/or plasmids appear to be very

successful at spreading globally9. For example, blaKPC genes are

found in strains belonging to K. pneumoniae clonal complex (CC)

292 in many countries. Similarly, E. coli multilocus sequence type

(ST) 131 is a successful clone often associated with the globally

dominant blaCTX-M-15 gene that confers resistance to third-genera-

tion cephalosporins. Closely related plasmids have been found

in isolates of the same ST from different locations10, suggesting

that particular plasmid types may be linked to particular bacterial

clones.

Figure 2. Characteristics of different mobile genetic elements. Resistance genes are shown as thick arrows and other genes as thin arrows. Inverted
repeats (IR) are shown as triangles. Direct repeat (DR) lengths are shown in parentheses. ISCR elements appear to use a different transposition
mechanism (rolling circle replication; rcr) fromother elements, their ends are definedbyorigin (ori) and terminus (ter) regions rather than IR and theydo
not create DR.
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Tracking, understanding and trying to limit the spread of antibiotic

resistance in hospitals is clearly a complex problem. Currently,

identifying and isolating patients carrying problematic resistance

genes and other interventions that prevent the spread of bacterial

strains between patients seem most achievable. More extensive

screening to detect particular combinations of resistance genes and

selected plasmid and/or strain markers may allow identification of

particularly troublesome plasmids and/or strains and indicate most

important level(s) of movement for different resistance genes. This

should inform isolation and infection control policies, as well as

providing sets of samples that can be examined inmore detail to try

and understand how the genetic context of a resistance gene really

influences its spread.
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Infections represent one of the most threatening complica-

tions for intensive care unit (ICU) patients. Approximately

50% of all ICU patients are treated for infection or suspected

infection during their ICU stay, of which approximately half

are acquired during the ICU stay. Multidrug-resistant (MDR)

organisms are often the etiologic agents with a dramatic

impact in morbidity and mortality rates. The emergence of

carbapenemase-producingbacteria, inparticular theemerg-

ing K. pneumoniae strains harboring the plasmid-encoded

KPC-type carbapenemase and the New Delhi metallo-beta-

lactamase 1 (NDM-1), inmany countries is an example of the

continuous evolution and spread of bacterial resistance.

Infectionprevention andcontrol and antimicrobial steward-

ship programs in the ICU setting are demonstrating good

results and need continuous implementation.

During the past decade, the consumption of antimicrobial agents

has continued to increase among ICU patients worldwide, with

more than 60% of these patients treated with antimicrobials1. In the

past decade, the frequency of administration of different classes of

antimicrobials has changed, with increases in the use of carbape-

nems and ureidopenicillins and a decrease in that of cephalospor-

ins2.Moreover, antibiotics such as colistin, fosfomycin, daptomycin,

tigecycline and linezolid have been used more commonly for the

treatment of MDR pathogens. Methicillin-resistant Staphylococcus

aureus (MRSA), vancomycin-resistant Enterococcus species, ex-

tended-spectrum b-lactamase or metallo b-lactamase-producing

Enterobacteriaceae, as well as MDR Pseudomonas aeruginosa and

Acinetobacter spp., represent the most common pathogens in the

ICU setting.

In the United States between1999 and 2007 increases of 104%

and 182% in third-generation cephalosporin resistance for

K. pneumoniae and E. coli, respectively, were observed. From

the same study an increase of 54% in carbapenem resistance for

P. aeruginosa was registered3. The last threat is represented by

carbapenemase-producing Enterobactericeae, including emerging

strains harboring the plasmid-encoded KPC-type carbapenemase

and the New Delhi metallo-beta-lactamase 1 (NDM-1), among

others. The NDM enzymes, first reported in 2008 from a Swedish

patient of Indian origin are now found worldwide4 and have also

been transmitted to E. coli, Salmonella and P. aeruginosa5–7.

This is a clear example of the ease and velocity of the global

diffusion of resistance, in both developed and poorly resourced

countries. An example of the impact of this phenomenon is

found in Greece, where the proportion of imipenem-resistant

K. pneumoniae increased from less than 1% in 2001 to 20% in

isolates from hospital wards and 50% in isolates from ICUs in 20068.

Clostridium difficile is another globally ‘emerging’ bacterium in

ICUs. The incidence of C. difficile in the ICU setting is around 4%,

double that of all hospitalised patients3. A recent study showed that

approximately 20% of patients admitted to the ICU with C. difficile

infection had been receiving antibiotics without any obvious evi-

dence of infection, with an accompanying 28% in-hospital

mortality9.
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Todate, several strategieshave beendemonstrated tobeeffective in

reducing the trendof antimicrobial resistance (Figure 1). Twomajor

strategies have been delineated by the Infectious Diseases Society

of America (IDSA): (1) infection prevention and control; and (2)

antimicrobial stewardship. Infection prevention and control mea-

sures mainly include hand hygiene, chlorexidine body washes,

selected screening for MDR bacterial carriage and decolonization

(e.g. for MRSA).

Antimicrobial stewardship is defined as the optimal selection,

dosage and duration of antimicrobial agents for the appropriate

indication,which results inmaximumbenefit andminimumadverse

events and development of antimicrobial resistance. Antimicrobial

stewardship in the ICU assumes not only an understanding of

bacterial susceptibility patterns, but also the knowledge of several

other complementary factors such as the infection site and the

patient’s pathophysiology10.

In critically ill patients there are several reasons for an inadequate

pharmacokinetic–pharmacodynamic (PK/PD) ratio leading to insuf-

ficient antibiotic concentration to inhibit causative pathogens at the

site of infection10,11. Plasma clearance of antimicrobials may be

increased in critically ill patients as a result of enhanced renal

excretion (burn patients, sepsis, inotropic drugs), changes in renal

clearance or glomerular hyperfiltration, increased drugmetabolism

induced by concomitant administration of other drugs or increased

drug extraction by the use of different extrarenal depuration tech-

niques12.Hydrophilic drugs suchasb-lactamsexperience thehigher

pharmacokinetic changes. In fact, b-lactams generally demonstrate

a low volume of distribution and, in the critical care setting, strat-

egies such as loading doses and extended or continuous infusions

are used to achieve PK/PD targets that are not possible with

conventional dosing strategies13. In these patients a timed urinary

creatinine clearance (e.g. collection over 8 h) seems to be the most

usefulmeasure of renal function and is useful to guide antimicrobial

dosage14.

In conclusion, a better understanding of PK/PD relationships and

intrinsic PD characteristics of drugs (e.g. lipophilic vs hydrophilic),

aswell asmodifying antibiotic dosageand selecting theproper agent

on the basis of the site of infection are determinants of outcome.

Until now, only a few studies have evaluated the impact of antimi-

crobial stewardship in ICU patients. A recent study conducted in a

medical ICU in North Carolina evaluated an intervention period

when an infectious disease specialist discussed antimicrobial use

with the ICU team. The authors found significant reductions

in extended-spectrum penicillin, carbapenem, vancomycin and
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Figure1.Commonstrategies to reduce the trendof antimicrobial resistance.BSI, bloodstream infection;CVC,central venouscatheter;MIC,minimum
inhibitory concentration; MRSA, methicillin-resistant Staphylococcus aureus; PK/PD, pharmacokinetic/pharmacodynamic; SSI, surgical site
infection; VAP, ventilator-associated pneumonia.
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metronidazole consumption and an increase in the use of narrow-

spectrum penicillins after the intervention. Moreover, use was

registered. There also was a reduction in mechanical

ventilation days, length of stay and hospital mortality, thus demon-

strating a clinical impact15. Another study conducted in Canada

evaluated the effect of introducing an antimicrobial stewardship

program (ASP) in a medical-surgical ICU16. The authors found a

significant increase in the treatment of sterile-site cultures after

ASP and a reduction in inappropriate treatment of non-sterile-site

cultures. Moreover, an overall reduction in cost and mean defined

daily doses were observed.

Another recent prospective study in the ICU of a public hospital in

Atlanta on critically ill adults receiving empiric imipenem or piper-

acillin-tazobactam compared three periods: the first was baseline;

the second with partial participation of an infectious diseases

physician; and the third with a direct participation in interdisciplin-

ary rounds with the medical ICU team. Almost 700 patients were

evaluated and the results showed that the second and third periods

were associated with appropriate antimicrobial selection and with

lower rates of resistance17.

These results demonstrate that active communication with an

infectious disease practitioner significantly reduces ICU antibiotic

overuse through early modification or cessation of antibiotics with

no increase inmortality.Moreover, the introduction of an ASP in the

ICU is associated with improved microbiologically targeted therapy

based on sterile-site cultures and improved documentation of

antimicrobial use in the medical record. Audit and feedback had

an influence on antimicrobial prescription patterns in the ICUwith a

favorable impact in the emergence of resistance.

Antimicrobial stewardship should be multidisciplinary, taking ad-

vantage of expertise from intensivists, infectious disease specialists,

microbiologists and pharmacists. Infection control and antimicro-

bial stewardship represent the last attempt to ‘defend the fort’while

waiting for new antimicrobials and innovative strategies of interna-

tional surveillance and antimicrobial policy.
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ASM Antimicrobial Special Interest Group update

Dr John Merlino, on
behalf of ASIG

National Chair/Convenor
Email: jmerlino@med.
usyd.edu.au

TheAntimicrobial Special InterestGroup (ASIG) isoneof the

largest special interest groupswithin the ASM. In 2012 there

were over 923 ASIG members. In 2013 there were over 721

members listed under ASIG. Some of our members have

retired but still keep in touch. In 2012–13 ASM ASIG mem-

bers were actively involved with local and national ASM

Branch meetings in various states, usually in the form of

communication and newsletters. The committee actively

communicates via emails and the website www.asig.org.au

on emerging issues, methodology on susceptibility testing,

standards on antimicrobials and antimicrobial resistance.

Members of the committee actively take part in planningworkshops

and selecting speakers for Annual ASM ScientificMeetings – this has

been the focus for many years. Discussions take place at these

meetings and in workshops.

The 2012 ASIG Workshop was titled ‘Antimicrobial and Antifungal

Resistance: Susceptibility Testing: Supplementary and Molecular

Testing for Multi-Drug Resistance’. In Brisbane we had to limit the

intake for this workshop to 77 ASM members. The workshop

was sponsored by BioMerieux for morning tea and lunch. The

BioMerieux Identifying Resistance Award in 2012 went to Narelle

George.

The 2013 ASIGWorkshopwas titled ‘MALDI-TOF and Susceptibility

Testing: What’s in a name? Impact of MALDI-TOF and Susceptibility

Testing in Microbiology’. The workshop focused on bacterial and

fungal species identification and early antimicrobial susceptibility

determination of bacterial strains recovered from infected patients

significantly decreases morbidity, mortality patients and aids in

infection control practices. The use of MALDI-TOF system(s) with

current automated susceptibility testing methods (such as Vitek,

Phoneix) or discs susceptibility impacts laboratories by providing

more accuracy in bacterial identification and a faster turnaround

time. Fast and accurate diagnostic identification and AST methods

are an important part in guiding treatment for infections and

infection control practices (Figure 1).

In Adelaide 170 ASM members attended the Antimicrobial SIG

Workshop, with eight distinguished speakers including our over-

seas invited speaker Dr P Murray. Copies of all speakers’ presenta-

tions are available on the ASIG website: www.asig.org.au. The

BioMerieux Identifying Resistance Award in 2013 went to Professor

Iain Gosbell (see his article within this issue).

Members of the ASIG committee actively communicate with other

local and international antimicrobial groups on emerging issues in

antimicrobial resistance, for example, with the MRSA International

Committee and International Society forChemotherapy (ISC). ASIG

members have also been involved in European Congress Clinical

Microbiology and InfectiousDiseases (ECCMIDandESCMID)meet-

ings overseas.

TheASIGCommittee reviewsNPAACandNATAdocumentswith the

ASM Clinical Standing Committee under the chair of Dr Stephen

Graves.

ASIG is involved with key CDS users in establishing antimicrobial

guidelines in Australia. I am happy to report the release of the 7th

edition of their manual, Antibiotic Susceptibility Testing by the CDS

Method – A Manual for Medical and Veterinary Laboratories,

which is available online at http://web.med.unsw.edu.au/cdstest.

In 2014 ASIG continues to review submissions and comments from

other Medical and Antimicrobial Groups in regards to antimicrobial

issues, for example, the Royal College of Pathologists Australasia

Advisory Committee, AIMS,NATA andNPAAC,with the ASMClinical

Standing Committee when required.

ASIG supports teaching and research activities where possible by

seeking speakers for antimicrobial events.

ASIG promotes advanced knowledge on new methodologies by

presenting lectures/visits toUniversities andColleges nationally and

internationally as required.

For the Continuing Education Program, ASIG is involved with the

AIMS APACE Official Certificate of Attendance being given out at all

ASIG workshops at National meetings. These certificates are im-

portant for professional developments and career advancements in

the industry.

ASMAffairs

66 10.1071/MA14019 MICROBIOLOGY AUSTRALIA * MARCH 2014

mailto:jmerlino@med.usyd.edu.au
mailto:jmerlino@med.usyd.edu.au
http://www.asig.org.au
http://www.asig.org.au
http://web.med.unsw.edu.au/cdstest


Morphology
Microscopy,

smell, color etc.

Immunological
Mono- or polyclonal

antibodies

PHENOTYPE

Biochemical
Metabolic capacities

PHENOTYPE
GENOTYPE

Molecular
Specific-PCR, 16S-Seq, RT-PCR
SNP, MLST, RFLP, VNTR, PFGE...

1900 1950 2000

Proteomics & genomics

PROTEOTYPE

Figure 1. Historical representation of identification systems inmicrobiology and new advances with the introduction of proteomics (MALDI-TOF) and
genomics.

The bioMerieux ASM Identifying Resistance Award

This award, sponsored by bioMerieux, is given to an individual on the basis of career achievements
in the field of the identification of bacterial resistance to antimicrobials in a clinical setting.

Closing date for applications: 31 March of any year.

Details of this and numerous other ASM Awards can be found at www.theasm.org.au
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Professor David James Kemp OAM FAA
1945–2013

Alan Cowman and Suzanne Cory

Dave Kemp was an exceptional

and highly respected scientist. An

outstanding molecular biologist,

Dave Kemp was noted for his

technological innovation, which

he used to address signal ques-

tions in both immunology and

parasitology.

Dave Kemp committed to a re-

search career during his PhD

studies on keratin genes with George Rogers FAA, which he com-

pleted in 1973. After a period as a Research Scientist at CSIRO with

Jim Peacock FAA in the Department of Plant Industry, he went to

Stanford University on an Eleanor Roosevelt fellowship for a 2-year

postdoctoral stint with renowned Drosophila geneticist Dave Hog-

ness. During this period he acquired experience in recombinant

DNA technology (then very new) and contributed to the develop-

ment, with George Stark and Jim Alwine, of northern blots to detect

RNA.

Returning to Australia in 1978, he joined the Walter and Eliza Hall

Institute (WEHI) in Melbourne and carried out pioneering studies

on the genetic basis of immunity with Jerry Adams and Suzanne

Cory.

In 1979, David Kemp switched fields to parasitology, especially

malaria. Together with Robin Anders, he developed a method for

screening expression libraries with antibodies and used it to isolate

Plasmodium falciparum genes, particularly those that might be

candidates for vaccinedevelopment. Thiswas amajor breakthrough

and led to the rapid development of the field. In 1984, he initiated

innovative studies separating malaria chromosomes using pulse

field gel electrophoresis and this provided the basis to understand

the structure and arrangement of the genome for this human

pathogen. He was appointed Head of WEHI’s Immunoparasitology

Unit in 1990.

In 1992, hewas appointedDeputyDirector of theMenzies School of

Health inDarwin, where he continued his world-leading research in

malaria genetics and also embarked on new studies attempting to

alleviate the impact of diseases such as scabies on our indigenous

population. During that year he was also appointed as a Howard

Hughes Medical Institute International Research Scholar. In 2000,

he moved to the Queensland Institute of Medical Research in

Brisbane where he headed the Malaria and Arbovirus Unit.

Dave Kemp received many distinguished awards, including the

Boehringer-MannheimMedal of the Australian Biochemical Society

(1981), the Wellcome Prize for diagnostics (1992), a Centenary

Medal (2003) and a Medal in the Order of Australia in the General

Division (OAM) (2008) and he was elected to the Australian Acad-

emy of Science in 1996.

In 2006, Dave and his wife Katherine (now deceased), a highly

committed nurse, moved to tranquil Tallangatta, Victoria, where

they were very happy. They are survived by sons Andrew, Ben and

Daniel and grandchildren Rachael, Jessica and Ryan.
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