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The issue

• Antibiotic Resistance (AbR) is a major concern 
all over the world

• Gut bacteria cause > 50% of severe infections 
in hospitalised patients

• People who have a severe infection with 
antibiotic-resistant bacteria stay longer in 
hospitals and are twice as likely to die than 
those with severe infection due to antibiotic-
sensitive bacteria







The issue
• The steady rise of AbR in Enterobacteriaceae, is particularly so in two pathogens 

seen in common urinary tract infection and lethal sepsis: Escherichia coli and 
Klebsiella pneumoniae.

• The most important vectors of this transmissible AbR are self-transmissible 
(conjugative) plasmids (extrachromosomal circular genetic element), the ‘vessels 
of the communal gene pool’. 

• Plasmid-borne AbR is acquired very quickly and, once acquired, becomes fixed in 
the bacterial accessory genome by ‘addiction systems’ that poison cells from 
which the AbR plasmid is lost.

• As a result of these plasmid addictions, persistence of antibiotic resistance genes 
and their vectors is to be expected in the absence of antibiotic selective 
pressure, and reversibility (of AbR) proceeds slowly that it is unlikely to be of 
practical importance
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The solution

• First-in-human clinical trial
• Evaluate safety and efficacy of a genetically modified (GM) plasmid given to patients 

with antibiotic-resistant infections

• Uses a GM bacteria (E. coli) to deliver a genetically modified plasmid to gut bacteria 
and restore sensitivity to antibiotics

• Displaces AbR plasmids from enteric bacterial populations in vivo without killing the 
populations in which they were present 

• Process has already achieved success in mice (Kamruzzam et al., 2017)



The solution

• First-in-human clinical trial
• Performed in the Prof Iredell Lab at Westmead Institude of Medical Research 

(WIMR)

• Funding via the National Health and Medical Research Council of Australia

• Approved under a licence (DIR-183) to use genetically modified organisms (GMO) 
given by the Office of the Gene Technology Regulator (OGTR). 

• Thorough risk assessment  negligible risk to the health and safety of patients, staff 
and wider population

• Approved by Western Sydney LHD, Human Research Ethics Committee (HREC)



How does Plasmid therapy work?

• Antimicrobial resistance (AMR) in most sepsis pathogens is carried in and 
between bacteria on genetic material called ‘plasmids’

• Plasmid resistance can be acquired very quickly and can persist for 
months

• Genetically engineered ‘curing plasmids’ eradicate AMR plasmids without 
harming normal bacterial flora

• Following treatment, the gut microflora should be free of the AMR and 
susceptible to ‘first-line’ antibiotics such as penicillin. 

• Curing plasmids may have been altered to reduce their ability to persist in 
bacteria.

In mice, the plasmids were 
undetectable 10 days after the 

removal of the antibiotic 
selection 

(Kamruzzaman et al., 2017)
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• Chose two locally endemic plasmids: 
• IncL/M-type plasmid pE11573, endemic in Sydney hospitals and carries blaIMP-4 

carbapenamase gene  confers resistance to most B-lactams including third-gen 
cephalosporins and genes encoding resistance to gentamicin and a single type II 
addiction system (pemIK).

• IncI1 plasmid pJIE512b (type I) addiction system (pndAC) and carries blaCMY-2 AmpC
gene, which is implicated in the spread of  broad-spectrum high-level β-lactam 
resistance, including CTXR

• HREC approval for the other plasmids (CTX C/I1/M/A/X3/L, NDM X3, 
OXA, F2)



How does Plasmid therapy work?

• Constructed low-copy conjugative probiotic plasmid pJIMK46 by replacing the entire 28.5 
kb AbR region (including blaIMP-4) of  pEl1573 (IncL/M rep as in pEl1573) with tetA 
(tetracycline resistance, TET-R) and the pemK toxin gene with fosA3 (fosfomycin resistance, 
FOS-R) and pJIMK56 was constructed by replacing the blaCMY-2 gene and flanking IS of  
pJIE512b with fosA3 and pndA with tetA. 

• Both of  these probiotic plasmids were then tested in curing their respected target plasmids 
in vitro and in mice gut, and in both cases, a complete cure of  AbR plasmids was obtained 
without any adverse effects in mice. 

• Now we need to test this in humans….



What are the risks?
• OGTR conducted a thorough risk review and concluded that the risk to the health and 

safety of staff and carers is negligible based on the following:
• The E. coli Nissle strain used is not pathogenic and is commonly used as a probiotic so there is no 

risk in ingesting small amounts. 
• Acquired antibiotic resistance by persons inadvertently exposed to small amounts of the curing 

plasmid is unlikely, but even if it did occur would be short-lived and would be susceptible to 
antibiotic treatment if needed. 

• In the absence of antibiotic selection, wild-type strains would outcompete the GM bacteria.  
• All bacteria that might carry the GMO are susceptible to the decontamination procedures designed 

for other biohazards such as human biological waste.
• Standard clinical practices and good hygiene are sufficient to protect against possible exposure 

during administration or to any GMO subsequently shed in faeces. 
• The GMO will be administered in the hospital and the patient will remain under the care of 

qualified and trained clinical staff for at least 4 days following the last administration of the GM 
bacteria, or earlier if two consecutive samples are found to be clear of the GMO. 



Patient selection

• Patients need to be carrying of the two targeted antimicrobial resistance 
plasmids following pre-clinical or pre-treatment screening

• Category A: 
• Admitted with life-threatening conductions caused by Enterobacteriaceae to Intensive 

care unit or a screened critical care unit such as Haematology or Transplant

• Scheduled for organ or bone-marrow transplantation, or treatment for leukaemia or 
lymphoma

• Category B: 

• Category C: ‘unapproved’ therapeutic goods deemed by the TGA to have an 
established history of use



Where are we doing this?

• Here!

• Soon…Children’s Hospital Westmead, Royal North Shore, Concord, St 
George



Administration
• The patient will consume two doses of 108 cfu E. coli Nissle strain/day, containing a curing plasmid in 

normal saline for three consecutive days. Either consumed by patient or administered via feeding tube. 
• An antibiotic (Tetracycline or Fosfomycin) will be co-administered with the GM bacteria from day 2. 

Tetracycline would be administered for 3 days and the dosage would be the standard dose (Doxycycline 
50mg bd for 2 days). Fosfomycin will be given as a single dose of 3g. 

• To reduce the stomach acids, Esomeprazole or Lansoprazole (30 mg single dose) will be provided to the 
participants before starting the probiotic plasmid administration.

• Participants will stay at the hospital for at least 4 days following the last administration of GMO. 
• Faecal and/or rectal swabs will be taken at regular intervals and analysed to monitor the success of the treatment. 

• Samples will be taken to the certified PC2 laboratory for analysis. 

• Analysis will include culturing the gut bacteria on media containing various antibiotics and PCR-based analysis for the 
detection, quantification and characterisation of bacteria and the target and GM-curing plasmids. 

• Once discharged, participants will be provided with sample collection containers and instructions for 
collecting samples at home.  Will occur at 2 weeks post-probiotic, 28 days and 90 days. 



Patient samples



Administration



How YOU can help!

• Get Rectal swabs for your patients in ICU (twice weekly) and on 
Haematology/transplant/dialysis wards (weekly)



But we haven’t had much luck recently…

• Get Rectal swabs for your patients in ICU (twice weekly) and on 
Haematology/transplant/dialysis wards (weekly)



However the search goes on…
• 67M HSCT for AML. 

Febrile neutropenia post HSCT
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