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Demystifying Escherichia coli pathovars
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This month’s Genome Watch compares 
and contrasts two studies that used 
a common genomic approach to 
understand different pathogenic forms  
of Escherichia coli.

Escherichia coli is a Gram-negative bac-
terium that can be a harmless commen-
sal in the intestine or cause a variety of 
pathological infections. The diverse disease 
types caused by E. coli have resulted in their 
classification into distinct pathovars such 
as entero haemmorrhagic E.  coli (EHEC), 
uropathogenic E.  coli (UPEC) and entero-
invasive E.  coli (EIEC)1. The evolutionary  
relationships between and within these  
different pathovars can elucidate how they 
have emerged and how they behave epi-
demiologically. Furthermore, understanding 
the molecular mechanisms underpinning the 
pathogenesis of the different pathovars helps  
to predict clinical pheno types and in dis-
ease control. In two new studies, researchers 
sequenced whole genomes of clinical isolates 
on the Illumina HiSeq 2000 platform to deter-
mine the population structure of E. coli patho-
vars and to investigate genes important for 
their pathogenic profiles.

Salipante et  al.2 sequenced more than 
300 clinical isolates of extraintestinal patho-
genic E. coli (ExPEC), which are an impor-
tant cause of sporadic infectious pathology 
outside of the intestine. Isolates from urinary 
tract (n = 277) and bloodstream (n = 92) infec-
tions, including serial sampling of individu-
als, were collected over 3 years from a single 
North American hospital system and the 
population structure was defined 
by mapping the sequences from the 
clinical isolates to an E. coli refer-
ence genome. This showed that 
serial samples from urinary 
tract infections in a single 
patient were often genetically  
distinct, whereas sequential 

blood infection isolates were typically almost 
identical. However, no phylogenetic cluster-
ing of isolates according to the site of infection 
was observed, suggesting that specific ExPEC 
lineages are not restricted to the bloodstream 
or the urinary tract. Nonetheless, several genes 
encoding virulence factors correlated with 
blood infection, including genes involved in 
invasion (traJ) and adhesion (papA and papG), 
and the toxin-encoding genes sat and tosA. 
The authors also did a gene association study 
to identify genes responsible for antimicrobial 
resistance phenotypes and, although known 
antimicrobial resistance genes were recovered, 
no novel resistance genes were identified.

von Mentzer et al.3 sequenced 362 clinical 
isolates of globally sourced enterotoxigenic 
E. coli (ETEC) collected between 1980 and 
2011. ETEC causes nearly 400,000 deaths 
each year in low-income nations and is char-
acterized by the production of entero toxins 
and other colonization factors, which are 
mostly located on plasmids that are usu-
ally horizontally transmitted and thought 
to be sufficient for the ETEC phenotype3,4. 
The authors determined the phylogenetic 
relationships of the collection (based on 
1,429 gene sequences) and found that ETEC  
lineages were interspersed among other E. coli 
reference genomes. Using Bayesian clustering, 
the authors defined 21 ETEC lineages, which 
frequently contained strains from disparate  
global regions, indicating the presence  
of multiple distinct, globally distributed 
ETEC lineages. By doing gene comple-
ment analysis, the authors also showed 

that most of the lineages had stable 
colonization factor and toxin pro-

files, suggesting that these factors  
may be less mobile than 
previously thought.

Although isolates from 
distinct pathovars collected 
with different sampling 
strategies were investigated 

in these studies, a similar genomic approach 
was applied. Both studies determined the 
phylogenetic population structure and cor-
related this with isolate metadata. In this way, 
the ETEC analysis identified recently evolved 
lineages that were globally disseminated, and 
the ExPEC study determined that there was 
no correlation of phylogeny with infection 
site. Similarly, both studies examined spe-
cific genes that are important for determin-
ing the disease phenotype and correlated 
this with phylogeny. In doing so, the ExPEC 
study determined that although virulence 
factors were highly correlated with popula-
tion structure, some were independently 
associated with the site of infection, and 
the ETEC analysis revealed lineage-specific 
colonization factor and enterotoxin profiles. 
Additionally, both studies explored other 
relevant gene content in the data, inclu-
ding antibiotic resistance determinants in 
the ExPEC study and plasmids in the ETEC 
analysis. In each case, a genomic approach 
furthered the understanding of important 
disease pathovars and demonstrated the 
importance of studying both vertically and 
horizontally transmitted genetic traits in  
pathogenic bacteria.
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