
 

 

 

CARBAPENEM RESISTANT ENTEROBACTERIACEAE (CRE) 

 

“Object to Be Destroyed”1923, (or “Object of Destruction”1933); destroyed 1957.  

Editioned replica (above), as “Indestructible Object”, 1965. Metronome with photograph 

of Lee Miller’s eye, Man Ray, Tate Gallery London and MOMA, New York City. 



“Cut out the eye from a photograph of one who has been loved but is seen no more.  

 

Attach the eye to the pendulum of a metronome and regulate the weight to suit the tempo 

desired.  

 

Keep going to the limit of endurance.  

 

With a hammer well-aimed, try to destroy the whole at a single blow”. 

 

Man Ray, “This Quarter”, 1932. 

 

In Paris in 1923, Emmanuel Radnitzky, better known to history as the Surrealist Artist, 

Man Ray, put together a “readymade” object, in the splendid tradition of Marcel 

Duchamp, and the then recently demised, Dadaist movement. Readymades were simple 

everyday manufactured objects that were chosen by the Artist to be displayed in a new, or 

unusual way, sometimes also altered in a bizarre and nonsensical manner. The important 

thing was that object was displayed in such a way that it had no association with any type 

of Art from the past. The whole point of the Dadaist movement was a rejection of the past 

and of all the contemporary values of a society that had led to the unspeakable savagery 

and brutality of the First World War. 

 

In 1923, Ray procured his everyday object, in this case a metronome, to which he 

attached by paper clip a cut out eye from one of his portrait photographs and viola, a 

readymade object d’art was created! He named it “Object to be Destroyed”. Just 

precisely what this piece was supposed to represent is unclear, but in the best traditions 

of the Dada movement, it probably didn’t “mean” anything much at all, although, Ray 

himself did once record:  

 

“…I had a metronome in my place which I set going when I painted - like the pianist sets 

it going when he starts playing - its ticking noise regulated the frequency and number of 

my brushstrokes. The faster it went, the faster I painted; and if the metronome stopped 

then I knew I had painted too long, I was repeating myself, my painting was no good and 

I would destroy it. A painter needs an audience, so I also clipped a photo of an eye to the 

metronome’s swinging arm to create the illusion of being watched as I painted. One day I 

did not accept the metronome’s verdict, the silence was unbearable and since I had 

called it, with a certain premonition, “Object to be Destroyed”, I smashed it to pieces”. 

 

 But then responding to a series of exhibition requests, he remade it in 1932. Whatever 

the original intention, the readymade, like other readymades of the period, took on a life 

of its own. Indeed more than simply a fossilized record of a remote past, these simple and 

bizarre objects have often continued to have a dynamic existence, continued to grow, to 

multiply and even to evolve, and no better example can we see of this than with Man 

Ray’s enigmatic “Object to be Destroyed” of 1923. 

 

Its original title, perhaps showed that Ray never intended his readymade for a long life, 

or indeed for it to become an iconic symbol not simply of a memory, but as a living and 

evolving cultural meme. In 1929 Man Ray met the Vogue supermodel, Lee Miller, 

quintessential independent minded “flapper” girl of the Twenties, and one of the most 



beautiful women of the Twentieth century. In short time she became his most important 

muse. But Lee was nobody’s muse, she was very much her own woman, indeed as she 

became an accomplished surrealist photographer in her own right, it became unclear just 

who was the Artist, and who was the “muse”. Lee Miller learned everything she could 

from Man Ray, and in so doing evolved from Vogue Diva to high profile socialite 

photographer, hugely in demand of the rich and the famous. 

 

By 1932, she had come to feel restrained and confined by Man Ray. As she would 

eventually with most of her innumerable lovers, she became bored with him and so left 

him. Ray was devastated. It was at this time that he recreated his “object to be 

destroyed”. On the point of suicide, he took one of his photographic portraits of Lee, and 

cut out one of the eyes, and placed her eye on his recreated readymade. In a rage he then 

rechristened it “Object of Destruction”! The piece featured in a 1932 Surrealist 

magazine “The Quarter”, edited by the high priest of Surrealism Andre Breton, complete 

with instructions on just how the object should be destroyed!  

 

But Man Ray could never actually bring himself to destroy this second incarnation of his 

metronome.. He never could, in his mind at least, let go of Lee. However matters would 

be taken out of his hands. At a 1957 Dada retrospective, that featured his “Object of 

Destruction”, a group of young reactionary Artists who called themselves “Jarivistes” 

and who probably came from the Académie des Beaux Arts, decided to take literally, the 

Dadaist instructions that accompanied the work! They grabbed the piece and dashed out 

into the street whereupon they proceeded to smash it to pieces. Man Ray was outraged 

and responded to the young Artists by saying “These things were done 40 years ago. You 

are demonstrating against history!”. But Ray was wrong. His object had become more 

than history, it had taken on a life of its own. An article on the incident appeared in Time 

Magazine in April 1957. It asked the opinion of Tristan Tzara, one of the grand old 

masters of the Dadaist movement of the 20s. Nostalgically recalling those revolutionary 

and irreverent days he exclaimed simply, “….Yes, isn’t it wonderful?”     

 

But Man Ray did not think that the destruction of his last link to Lee Miller was 

wonderful and immediately filed a claim with his insurance company. His agent, 

apparently by way of consolation, suggested that he could buy up an unlimited number of 

metronomes with his reimbursement money. Man Ray did just that and created a set of 

“limited editions” to be dispensed to various prestigious galleries around the world. 

However he gave these daughter objects yet another rechristening - “Indestructible 

Object”!         

 

We see the Enterobacteriaceae as “objects to be destroyed”. Our instructions are 

generally to destroy these organisms at all cost, and yet despite our best efforts, like a 

Dadaist meme they constantly reincarnate in ever greater numbers. These new offspring 

are numerous and assume new names such as CRE or the Carbapenem Resistant 

Enterobacteriaceae. And as if this was not enough we find these new entities are virtually 

indestructible!  

 

 

 

 



CARBAPENEM RESISTANT ENTEROBACTERIACEAE (CRE) 

 

Introduction 

 

Multi-drug resistant Gram-negative bacteria are a significant global public health 

threat that can disrupt health systems and involves potentially untreatable 

infections. 

 

 CRE are one such example. 

 

CRE strains are universally resistant to all beta-lactam antibiotics, including the 

penicillins (including the beta-lactam/beta-lactamase inhibitor combinations), 

cephalosporins and carbapenems.  

 

They are may also be resistant to most aminoglycosides and fluoroquinolones. 

 

Infections with CRE can carry a mortality rate of up to 50 per cent 

 

Carbapenem Resistant Enterobacteriaceae (CRE) does not refer to a specific 

Enterobacteriaceae, but rather to any Enterobacteriaceae that has acquired carbapenem 

resistance.  
 

The Enterobacteriaceae are a family of gram-negative bacilli that occur naturally in the 

gastro-intestinal tract, but can also cause disease. 

 

The occurrence of antimicrobial resistance in these (and other gram-negative 

bacteria) is increasingly reported world-wide and has become a major threat to the 

provision of healthcare. 

 

Patients can be colonized and/or or infected with these bacteria. 

 

Recently in Australia, a number of cases of carbapenemase producing 

Enterobacteriaceae have been reported in people who acquired the organism overseas.  

 

Transmission to other patients in Australian health care facilities at the present time is 

fortunately rare. 

 

The strict adherence to standard precautions and the adoption of transmission-based 

contact precautions when CRE colonization or infection is identified is essential to 

prevent these organisms causing outbreaks and becoming endemic in Australia. 

 

A high degree of suspicion must be held for: 

 

● Any patient who has been admitted overnight to any overseas hospital or 

 overseas residential aged care facility within the last 12 months. 

 

● Any patient who is identified as a CRE contact during any hospitalization in 

 the past AND where there is no evidence of post-contact negative cultures. 



 

Terminology 

 

It is important to appreciate the standard terminology when considering Carbapenem 

Resistant Enterobacteriaceae: 

 

β-lactam antibiotics: 

 

● Antibiotics that have a four-carbon β-lactam ring as part of their active structure; 

 includes penicillins and their derivatives, cephalosporins, monobactams and 

 carbapenems.  

 

β-lactamase:  

 

● An enzyme that can cleave β-lactam ring structures in certain antibiotics; 

 produced by bacteria that carry the necessary genetic code.  

 

Metallo-β-lactamase:  

 

● A carbapenemase that uses zinc in the hydrolysis of a broad range of β-lactam 

 antibiotics. 

 

ESBL:  

 

● Extended-spectrum β-lactamase enzyme, usually produced by an enteric Gram 

 negative bacillus. The term is also used as a descriptor in a clinical setting to refer 

 to an Enterobacteriaceae that is resistant to third-generation cephalosporins. 

 

Carbapenem:  

 

● A class of broad-spectrum antibiotics that possess a β-lactam ring, with a structure 

 that renders them highly resistant to most β-lactamase enzymes; includes 

 imipenem, meropenem, ertapenem, doripenem. 

 

Enterobacteriaceae: 

  

● A family of Gram-negative bacteria that includes commensal and pathogenic 

 enteric microorganisms found in humans, animals and the environment; includes 

 Escherichia, Enterobacter, Klebsiella, Proteus, Salmonella, Serratia, Shigella 

 species. 

 

Carbapenem-resistant Enterobacteriaceae (CRE):  

 

● These are Enterobacteriaceae that are resistant to carbapenem antibiotics.  

 

● This is usually, but not always, via the production of the enzyme carbapenemase 

 

Carbapenemases:  



 

● These are a class of enzymes that inactivate carbapenem antibiotics.  

 

Carbapenemase-producing Enterobacteriaceae (CPE):  

 

● These are Enterobacteriaceae that are resistant to carbapenem via production of a 

 carbapenemase enzyme.  

 

Colonisation:  

 

● This is the presence, growth and multiplication of microorganisms without 

 observable clinical signs or symptoms of infection.  

 

Infection:  

 

● This is the invasion of bacteria into tissues with replication of the organism.  

 

● Infection is characterized by isolation of the organism accompanied by clinical 

 signs of illness such as fever, inflammation or pus formation. 

 

Decolonisation:  

 

● This refers to the use of topical and / or systemic antibiotics to eradicate 

 colonisation of bacteria.  

 

CRE-contact:  

 

● This is any patient who has had close contact with a CRE -positive patient  

 

 This can be: 

 

A patient who has shared the same room for more than 24 hours with a patient 

colonized or infected with CRE. 

 

Or 

  

A patient who stayed overnight in an area designated by the department as a risk 

area for transmission of CRE.  

 

CRE-positive patient:  

 

● This is any patient who has had CRE isolated from any body site.  

 

Endemic:  

 

● This is the constant presence of a disease or infectious agent in a defined area.  

 



Epidemiology 

 

Sporadic cases of carbapenem-resistant Enterobacteriaceae have been reported in 

Australia, though they have most often been acquired overseas.  

 

Since 2012 there has been an increase in detection of one type of CRE, Klebsiella 

pneumoniae carbapenemase-producing bacteria (KPC) in the state of Victoria. 

 

Local transmission of CRE in Australia represents a serious threat to public health 

 

Pathology 

 

Organism: 

 

The Enterobacteriaceae are a family of gram negative bacilli that occur naturally in the 

gastro-intestinal tract.  

 

These organisms can spread outside the gastro-intestinal tract and cause serious 

infections such as:  

 

● Bacteremia 

 

● Pneumonia 

 

● Urinary tract  infection 

 

● Wound infection. 

 

Clinically important genera include:  

 

● Escherichia 

 

● Klebsiella 

 

● Enterobacter 

 

● Serratia 

 

● Citrobacter 

 

● Proteus  

 

● Morganella.  

 

The occurrence of antimicrobial resistance in these (and other gram-negative bacteria) is 

increasingly reported world-wide and has become a major threat to the provision of 

healthcare. 

 



Carbapenemase: 

 

The carbapenem group of antibiotics (imipenem, meropenem, doripenem, ertapenem) are 

considered last resort antibiotics as they offer broad spectrum antibiotic cover, enabling 

safe and effective treatment for severe infections.  

 

Carbapenem-resistant Enterobacteriaceae (CRE) occur due to the acquisition of 

carbapenemase enzymes (i.e. carbapenemase-producing Enterobacteriaceae or CPE) or 

less commonly arise via other mechanisms (e.g. porin loss).  

 

Within the Enterobacteriaceae family, carbapenemases have been found most commonly 

in: 

 

● Escherichia coli  

 

● Klebsiella pneumoniae 

 

The carbapenemase-producing Enterobacteriaceae are a particular infection prevention 

and control risk to health care facilities compared to the remainder (i.e. non-

carbapenemase mediated) of CRE for two main reasons:  

 

● The genes encoding carbapenemase production are found on mobile genetic 

 elements (plasmids) together with genes that code for resistance to other classes 

 of antibiotics, such as the fluoroquinolones (such as ciprofloxacin) and the 

 aminoglycosides (such as gentamicin).  

 

 This makes Carbapenemase-producing Enterobacteriaceae very difficult to treat.  

 

● Carbapenemase producing Enterobacteriaceae are more efficiently transmitted 

 between patients within a health care facility and have caused a number of 

 outbreaks overseas.  

 

There are a number of different types carbapenemases found in Carbapenemase-

producing Enterobacteriaceae, each having a three letter acronym.  

 

The five most currently important carbapenemases globally are: 

 

1. KPC:  Klebsiella pneumoniae carbapenemase  

 

2. NDM: New-Delhi metallo-β-lactamase  

 

3. VIM: Verona integron-encoded metallo-β-lactamase  

 

4. OXA: Oxacillinases  

 

5. IMP: Imipenemase  

 



Note that CRE strains are universally resistant to all beta-lactam antibiotics, 

including the penicillins (including beta-lactam/beta-lactamase inhibitor 

combinations), cephalosporins and carbapenems. They are may also be resistant to 

most aminoglycosides and fluoroquinolones. 

 

Risk factors 

 

Risk Factors for Acquisition (i.e colonisation or infection): 

 

1. In Australia the major risk factor for acquiring CRE is recent hospitalization in a 

 healthcare setting overseas in a location endemic for CRE.  

 

Hospitalization in the Indian subcontinent, Israel, Greece, Eastern Europe, 

China, North America, and South East Asia currently appears to confer the 

greatest risk. 

 

2. Within health care facilities in countries where CRE are endemic, risk factors 

 include: 

 

● Prior antimicrobial use: 

 

♥ A number of classes of antibiotics have been associated with 

 colonisation of, or infection by, CRE, including cephalosporins, 

 fluoroquinolones and carbapenems.  

 

All control strategies should include antimicrobial stewardship 

measures that aim to minimise overall antimicrobial use and ensure 

that use of key Gram-negative antibiotics, such as cephalosporins, 

fluoroquinolones and carbapenems, is appropriate. 

 

● Length of hospital stay 

 

● Severity of illness 

 

● Mechanical ventilation/ intensive care 

 

● Surgical related factors: 

 

 ♥ The presence of wounds 

 

 ♥ Prior surgery 

 

 ♥ Recent transplantation. 

 

♥ An indwelling medical device, such as a central venous catheter, 

 urinary catheter, biliary catheter or wound drainage.  

 

Risk Factors for Transmission:  



 

1 Certain CRE-positive patients are more likely to contaminate the environment and 

 hands of healthcare worker (HCWs).  

 

 These include:  

 

● Patients with diarrhoea or faecal incontinence  

 

● Patients with enterostomies  

 

● Patients with discharging wounds  

 

● Catheterized patients with CRE colonisation of the urinary tract  

 

● Patients who are incapable of maintaining their own personal hygiene.  

 

2. Health care working providing direct care to these patients are at increased risk of 

 transient acquisition of CRE on their hands if standard and transmission-based 

 contact precautions are not followed.  

 

Reservoir 

 

Important points include: 

 

● The majority of people who acquire CRE are colonized rather than infected. 

 

● The primary site of colonisation is the lower gastro-intestinal tract. 

 

● The duration of colonisation is unknown, but is possibly life-long. 

 

● CRE can survive on environmental surfaces and equipment. 

 

Transmission 

 

Recently in Australia a number of cases of Carbapenemase-producing 

Enterobacteriaceae have been reported in people who acquired the organism overseas.  

 

Transmission to other patients in Australian health care facilities at the present time is 

fortunately rare. 

 

Clinical features 

 

Patients can be asymptomatic carriers of CRE organisms. Enterobacteriaceae are 

carried in the GIT. 

 

Clinical infection can present as: 

 

● Bacteremia/ septicaemia 



 

● Pneumonia 

 

● UTI 

 

● Wound infections. 

 

Infections with CRE can carry a mortality rate of up to 50 per cent. 

 

Investigations 

 

Following the detection of a CRE by the pathology laboratory, the confirmation of a 

Carbapenemase-producing Enterobacteriaceae requires specialized molecular 

testing in a referral laboratory which may take several days. 

 

Chromogenic agar for early detection of CRE is available 

 

Screening for CRE should be performed on:   

 

● Any person who has been hospitalized in an overseas health care facility or has 

 resided in an overseas residential care facility in the past 12 months  

 

● Any person who is identified as a CRE-contact during their hospitalization 

 

Samples include: 

 

● Stool sample or rectal swab 

 

● Urine 

 

● Sputum or ETT aspirates 

 

● Wound swabs 

 

Note that false negative results from CRE screening tests may occur early after 

acquisition of the CRE, in the presence of certain antimicrobial agents and when the 

organism is present in low numbers. 

 

Management 

 

In all acute and sub-acute health service facilities, patients with CRE colonisation or 

infection should be placed on full contact precautions, isolation and barrier nursing.  

 

A single room, dedicated toilet, cohorted nursing staff, reinforcement of hand hygiene, 

use of gowns and the use of gloves (in accordance with local policy) should be 

implemented. 

 



There should be a management plan for CRE, implementing best practice antimicrobial 

stewardship 

 

CRE strains are universally resistant to penicillins (including beta-lactam/beta-

lactamase inhibitor combinations), cephalosporins and carbapenems. 

 

Antibiotic options for established CRE infection: 

 

The majority of Victorian KPC isolates (where data is available) have been susceptible 

to:  

 

● Gentamicin  

 

● Colistin.  

 

Other susceptibilities that should be tested for include: 

 

● Tigecycline  

 

● Fosfomycin.   

 

Ceftazidime-avibactam, (available on SAS in Australia), may also be a treatment 

option  for KPC producing Enterobacteriaceae. (Avibactam is a novel β-lactamase 

inhibitor).  

 
Patients who are colonized (but not infected) do not need to be treated with antibiotics. 

 

Disposition: 

 

As cases (infected or colonised) are identified, infection control personnel in conjunction 

with management need to ensure appropriate isolation and infection control measures 

are implemented for the affected patient, and guide screening and isolation of contacts as 

directed by infection control guidelines.  

 

Non-essential transfers or admissions should be reviewed carefully. 

 

Urgent referral to: 

 

● Infection Control Unit 

 

● ID Physician 

 

Further Information Resources 

 

For the State of Victoria: 

 

● Communicable Disease Prevention and Control 

 



 Department of Health & Human Services.  

 

 Telephone: 1300 651 160 

 

 Email: infectious.diseases@dhhs.vic.gov.au  

 

● Quality and Safety Unit, 

 

 Sector Performance, Quality and Rural Health, 

 

 Health Service, Performance and Programs, 

 

 Department of Health & Human Services 

 

 Telephone: (03) 9096 7553 
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Lee Miller, silver gelatin black and white photograph, c. 1929, Man Ray 
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