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E.coli is the most important 
human bacterial pathogen





Canberra; E.coli Blood Stream Infections 
incidence 28 per 100 000 population per year 

• RESULTS: During the 5-year period, 515 episodes of E. coli bacteraemia 
occurred in Canberra residents, an incidence of 28 per 100 000 population per 
year. The highest rate was in men aged > or = 80 years (463 per 100 000). 
Overall, E. coli bacteraemia occurred in equal numbers in males and females, 
but incidence was higher in males aged < 1 year and > or = 60 years. Most 
episodes occurred in  people aged > or = 60 years (316/511 [62%]) and most 
were community-associated(347/511 [68%]). Half the infections (257/511) 
had a genitourinary focus and 28% (141/511) a gastrointestinal focus. The 7- 
day case-fatality rate was 5%. Prostate biopsies and urinary catheters were 
notable preventable foci of healthcare-associated bacteraemia. Resistance of 
isolates to gentamicin (2.1%),ciprofloxacin (1.8%) and cefotaxime (0.4%) was 
low. 

• CONCLUSIONS: E. coli is the most common cause of bacteraemia in 
Canberra, and incidence increases with age. Most cases have a community 
onset, but many episodes are related to health care procedures. Ongoing 
surveillance is important for identifying risk factors that may be modified to 
reduce disease. 

Kennedy KJ, Roberts JL, Collignon PJ. .Escherichia coli 
bacteraemia in Canberra: incidence and clinical features. .Med J 
Aust. 2008 Feb 18;188(4):209-13. 



EARSS E.coli Blood Stream Infections 
Denmark rate 60.5; Sweden 60.6 per 100,000



Number of Episodes and Incidence of E.coli 
Bacteremia in Residents of Canberra, 2000-2004.
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Resistance is a growing problem

• Some no therapy, for most therapy difficult and 
expensive

• A large proportion animals via food

• E.coli NDM (resistant to just about everything)



BSI ESBL Mortality 26%



Antibiotic resistant bacteria do 
NOT stay quarantined to one 

area. 

Nor do the genes that encode 
this resistance. 









Resistance is proportional to use

• When you use it, you loose it!

• The more you use then the more resistance
– cross resistance an issue
– low dose and topical lead to more resistance

• Need to maintain “last line” 
or “critically important” antibiotics 



Antibiotic Resistance in the Wild 
E.coli - Shirley, Gordon and Collignon;   ANU and The Canberra Hospital 2000

• ampicillin 2.9%    vs 46%
• tetracycline 0.2% 28%
• chloramphenicol 0.4% 14%
• trimethoprim 0.2% 15%

• in man low levels of resistance to
• cefotaxime, meropenem, naladixic acid, 

ciproxin, gentamicin (many restricted use)

• Resistance proportionate with use but 
some nearly always there

Sherley M, Gordon DM, Collignon PJ. Variations in antibiotic resistance profile in Enterobacteriaceae
isolated from wild Australian mammals. Environ Microbiol. 2000 Dec;2(6):620-31.



Antibiotic Resistance of E.coli 
Bacteremia Isolates (Canberra)
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Total Outpatient antibiotic use in 26 
European countries in 2002
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Antibiotic resistance is worse in 
developing countries; China (1)

• E.coli (community)

– 60% resistant to fluoroquinolones
– 56% gentamicin resistant
– 29% ceftriaxone resistant

Li, Weinstein et al.  Beijing 1998- 
1999 Zhonghua Yi  Xue Za Zhi; 2001;   
Li, Yu et al.   Infection. 2001



Antibiotic resistance is worse in 
developing countries; China (2)

• Zhejiang and Anhui; 519 clinical isolates
• E.coli,  community and hospital; 1999-2000

% resist % resist
amp 86% cipro 70%
ceph 85% gent 56%

amp/sal 77% ceftriax 29%
SXT 72% amik 10%

Li, Yu et al.   Infection. 2001



Antimicrobial resistance genes 
E. coli

• Commensal E. coli can be a source of resistance genes for 
human pathogenic strains

• Exchange of resistance genes between bacterial clones has 
been demonstrated experimentally in water, soil, on kitchen 
towels, on cutting boards, and on the surface of food 

• A substantial proportion of resistant E. coli in human 
intestines is derived from food and water

• Human pathogenic E. coli strains resistant to ciprofloxacin 
and 3rd generation cephalosporins (ESBL's) are associated 
with the use of antimicrobials similar to ciprofloxacin and 
ceftriaxone (enrofloxacin and ceftiofur) in food animals and 
especially poultry



ESBL E. coli in chickens in China 
Yuan L. J Med Microbiol 58 (2009), 1449-1453

• 51 non-replicate E. coli isolates from 14 different chicken 
farms in Henan Province in China from December 2007 to 
August 2008. 

• The prevalence of ESBL-producing E. coli, molecular 
characterization of the ESBL-related bla genes, including 
blaTEM, blaSHV and blaCTX-M, and the susceptibilities 
of these bacteria to various antimicrobial agents 
determined. 

• Thirty-one of the 51 isolates (62%) were positive for an 
ESBL phenotype and 29 of these isolates carried one or 
more bla genes. 



Many resistant bacteria are ingested

• A study of tetracycline-resistant E.coli in which 
volunteers were given sterile food for 20 days after a 
control period of 21 days showed that most came from 
food (Corpet 1988, 1993).



EMEA found association with 
animal use



People exposed to resistant E.coli in 
foods on daily basis



ESBL and AmpC genes in foods



Transfer of resistance genes can 
occur in intestine



EMEA Mar 2009 found association with 
animal use BUT…excuse to do nothing









International travel 
Increased risk but loose isolates when return home with time

• Colonisation with Escherichia coli resistant to “critically important” antibiotics: a high 
risk for international travellers. Kennedy and Collignon. Eur J Clin Micro and Inf Dis. 
2010

• Abstract 

Antimicrobial resistance among community-acquired isolates of Escherichia coli is increasing 
globally, with international travel emerging as a risk for colonisation and infection. The aim was to 
determine the rate and duration of colonisation with resistant E. coli following international travel. 
One hundred and two adult hospital staff and contacts from Canberra, Australia, submitted 
perianal/rectal swabs before and following international travel. Swabs were cultured selectively to 
identify E. coli resistant to gentamicin, ciprofloxacin and/or third-generation cephalosporins. Those 
with resistant E. coli post-travel were tested monthly for persistent colonisation. Colonisation with 
antibiotic-resistant E. coli increased significantly from 7.8% (95% confidence interval [CI] 3.8–14.9) 
pre-travel to 49% (95% CI 39.5–58.6) post-travel. Those colonised were more likely to have taken 
antibiotics whilst travelling; however, travel remained a risk independent of antibiotic use. 
Colonisation with resistant E. coli occurred most frequently following travel to Asia. While over half 
of those carrying resistant E. coli post-travel had no detectable resistant strains two months after their 
return, at least 18% remained colonised at six months. Colonisation with antibiotic-resistant E. coli 
occurs commonly after international travel, and can be persistent. Medical practitioners should be 
aware of this risk, particularly when managing patients with suspected Gram-negative sepsis. 





Use of antibiotics in animals

• therapeutic
• sick animals

• prophylaxis
• prevent infection
• metaphylaxis

• growth promotion
• weight gain
• feed efficiency



Mass injection of Ceftiofur



Mass exposure of poultry



3rd generation cephalosporin resistance

• Extended-spectrum beta-lactamase (eg CMY-2)  are increasingly 
isolated from humans, animals, foods, and environmental sources

• The conjugative plasmid containing the cmy-2 gene can be transferred 
not only from the donor E. coli to Salmonella but also to other E. coli 
present in the intestinal tract. 

• A nationwide surveillance for antimicrobial susceptibility in 
Escherichia coli strains isolated from food-producing animals in Japan 
was conducted from 1999 to 2002. CTX-M-type producing, and CMY- 
2 producing.

• Identification and expression of cephamycinase bla(CMY) genes in 
Escherichia coli and Salmonella isolates from food animals and ground 
meat.

Antimicrob Agents Chemother. 2001 Dec;45(12):3647-50. 

Appl Environ Microbiol. 2005 Mar;71(3):1184-92 . 
Antimicrob Agents Chemother. 2005 Aug;49(8):3533-7. 







CIPARS 2009 (Canada)







Quinolone resistance
• In Australia fluoroquinolones NOT approved for livestock 

use
• <1% resistance in human E.coli (1998, 863 isolates, AGAR) , 2007 4 

to 5%
• nil in food isolates
• restricted human use of these antibiotics
• Australia is a “negative” control in worldwide experiment

• In Spain
• in children, 22% ciprofloxacin resistant
• in chickens,  90% resistant

• USA FDA tried to stop use 
• but ended up in court for years, with Bayer fighting poultry ban



Escherichia coli
• Multidrug-resistant increasingly frequent problem, 

particularly in developing countries (e.g. China, 
Mexico)

• Main reservoir is gastrointestinal tract. Large 
turnover of E. coli each day. 

• Food is important source and food animals likely 
contribute a substantial proportion of the E. coli in 
the human gastrointestinal tract. 



But are E. coli host specific?
• Most strains relatively host specific, but resistant strains of 

animal origin (e.g. fluoroquinolone-resistant E. coli from 
chickens) can both colonize and cause infections in people

• Resistance to 3rd generation cephalosporins, 
fluoroquinolones and/or aminoglycosides in bacteria 
infecting people is now widespread and rapidly rising in 
many countries.

• Increasing frequency of community-acquired infections by 
strains producing extended-spectrum ß-lactamases (ESBL), 
despite the relative infrequency of 3rd and 4th generation 
injectable cephalosporins use in treating people in the 
community



Multi-drug resistant E. coli
• Rising numbers of community-acquired ESBL-producing 

E. coli are carried by the population.

• increasing frequencies of resistant isolates in foods around 
the world.  

• In Spain similar bacteria found in humans, food, animal 
farms and sewage. 

• 3rd and 4th generation cephalosporins in food animals select 
for resistant bacteria, including ESBL-producing strains

• Worldwide spread of resistant bacteria and their 
transferable genes (eg CTX-M and CMY ß-lactamases).   



Similar E.coli in humans, animals 
and food  



EMEA Frequent ESBL



EMEA



Australia is relatively unique

• Quarantine,  so NO fresh meats imported

• NO fluoroquinolones in food animals

• NO 3rd Generation cephalosporins in 
poultry 



2001





Retail poultry Australia





Imported chicken meat as a potential source of 
quinolone-resistant Escherichia coli producing 

extended-spectrum β-lactamases in the UK

Journal of Antimicrobial Chemotherapy, JAC Advance Access published online on 
January 25, 2008 .R. E. Warren1,*, V. M. Ensor2, P. O'Neill1, V. Butler1, J. 
Taylor1, K. Nye3, M. Harvey3, D. M. Livermore4, N. Woodford4 and P. M. 
Hawkey2,3

• Results: The country of rearing was identified from the 
packaging for 89 of 129 purchased samples. Only one of 
the 62 UK-reared chicken samples carried E. coli 
producing a CTX-M-1 enzyme, whereas 10 of 27 samples 
reared overseas had E. coli with CTX-M enzymes. 
Specifically, 4/10 Brazilian, 3/4 Brazilian/Polish/French, 
and 2/2 Dutch samples had E. coli with CTX-M-2 
enzymes. Six of 40 samples for which the country of 
rearing was not known had producers of CTX-M enzymes, 
5 of them with CTX-M-14.











Antimicrobial resistance E. coli

• Commensal E. coli can be a source of resistance genes for 
human pathogenic strains and cause disease

• Human pathogenic E. coli strains resistant to ciprofloxacin 
and 3rd generation cephalosporins (ESBL's) are associated 
with the use of antimicrobials similar to ciprofloxacin and 
ceftriaxone (enrofloxacin and ceftiofur) in food animals and 
especially poultry

• Exchange of resistance genes occurs

• A substantial proportion of E. coli in human intestines is 
derived from food and water including resistant strains
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