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Abstract 

Escherichia coli (E. coli) is a versatile bacterium, with the capability to act not only as a commensal 

coloniser but also as a pathogen that can cause invasive disease. Currently, E. coli is the leading cause 

of bloodstream infections in both developed and developing countries, accounting for 25-30% of 

bacteraemia cases globally. E. coli bacteraemia is further exacerbated by the emergence of antimicrobial 

resistance, particularly extended spectrum β-lactamases (ESBLs) and carbapenemases in Gram-

negative bacteria. Understanding the nature and diversity of E. coli causing bloodstream infections is 

crucial for the enhancement of infection control measures, to minimise the further emergence of 

antimicrobial resistant isolates, and for the reduction of morbidity and mortality. 

We used whole-genome sequencing to analyse the population structure of 506 invasive and 159 carriage 

E. coli isolates collected at The Hospital for Tropical Diseases, Vietnam during 2010-2015, and to look 

for genetic signatures that differentiate them from one another. We found substantial diversity therein, 

both in the total number of sequence types present, and in the number of resistant genes carried. Among 

blood isolates, ST131, ST95, ST69, ST1193 and ST73 were dominant STs, while from the rectal swab 

(carriage) isolates, ST131, ST1193 and ST648 were most prevalent. All of these STs from blood and 

rectal swab samples remained dominant over the entire study period, the exception being ST1193. 

Interestingly ST1193 was not present in Vietnam prior to 2011, but once introduced, it quickly emerged 

and replaced other more drug sensitive E. coli clones. From longitudinal sampling and paired E. coli 

isolated from blood and rectal swab from the same patients, we demonstrated that majority of E. coli 

infections (57%) were acquired from the patients’ own gut microbiota. This study shows that several 

genetic factors, including genes that mediate adhesion (fimbriae and pili), iron acquisition 

(siderophores), immune evasion (capsule synthesis) and toxin elaboration (haemolysin and cytotoxic 

necrotizing factor 1) are significantly more common in invasive E. coli than in carriage strains. We 

were also able to begin to explain anomalies in the patterns of antimicrobial resistance of blood and 

rectal swab E. coli isolates using the population structure we defined here. 

Taken together, we have generated a genetic framework for future studies focusing on E. coli BSI at 

HTD. These data also demonstrate that a combination of both virulence genes and antimicrobial 

resistance genes are essential for the success of certain lineages in causing invasive disease in 

Vietnamese patients. Perhaps more importantly we also show that patients who develop bacteraemia in 

hospital did so largely through infection with isolates already present in their intestinal tract and so were 

predominantly community acquired invasive infections rather than hospital acquired infections, 

contrary to our original hypothesis.


