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PURPOSE AND OBJECTIVES

Escherichia coli is a highly adaptable bacterium with a commensal role in the intestines of humans and

animals. However, certain strains have evolved into pathogenic variants, known as pathotypes, each

characterized by specific virulence factors. These pathotypes include Enteropathogenic E. coli (EPEC),
Enterotoxigenic E. coli (ETEC), Shiga toxin-producing E. coli (STEC), and Enteroaggregative E. coli

(EAEC). Additionally, Extraintestinal Pathogenic E. coli (ExPEC), encompassing Uropathogenic E. coli

(UPEC), are distinguished by their ability to cause diseases beyond the intestinal tract. All these
pathotypes are primarily associated with infantile and traveller's diarrhoea as well as in the case of EAEC

enhanced ability to cause infections outside of the intestine (ExPEC) like causing of urinary tract infection
(UTI) associated with UPEC pathotype. The dissemination of pathogenic E. coli strains within the

environment constitutes a significant public health challenge.

The main objectives were to thoroughly investigate the pathotypes of primary clinical significance

detected in both livestock and wildlife. In vitro studies followed by a phylogenomic approach was

employed to examine the genetic frameworks involved in the mobilization of clinically relevant resistance
genes that have not previously been considered, as well as the associated virulence factors.

MATERIAL & METHODS

RESULTS
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RESULTS

Bacterial strains. Thirty-six isolates from wild birds (n=22), poultry (n=3), pigs (n=7), and chicken meat

(n=4) previously characterized by Whole-Genome Sequencing (WGS) and analysed with tools from the

Centre of Genomic Epidemiology were included.

Biofilm. An abiotic solid surface biofilm formation essay was performed for all strains using an overnight

culture diluted 1:100 in Luria-Bertani broth (∼7.5 log CFU/ml) in 96 well flat-bottom microplates and
incubated 24 h at 37ºC. Biofilm was stained with crystal violet 0.4% (v/v) and quantified at 580 nm after

solubilization with ethanol 95%.

Bacterial adherence and invasion in cell culture. Bacterial adherence and invasion assays in A293

cell cultures were carried out with all the strains. To measure the number of adherent bacteria, cells were
infected using a 1:1000 dilution of the overnight culture (∼6.5 log10 CFU/ml) during 2 h and, after washing

five times with PBS 200 µl of trypsin-EDTA was added for 10 min at 37ºC. Then, 200 µl of 0.5% Triton X-

100 was added for 2 min. The invasion protocol had a 2 h-infection and a treatment with gentamicin 256
µg/ml for 1 h before the addition of trypsin-EDTA. Serial dilutions were plated on sheep blood agar plated

to determine the attached and internalized bacteria by A293 cells. All in vitro studies described were
performed thrice in different days.

Surface motility essays. Overnight cultures of each strain were adjusted to an optic density (O.D.) at
600 nm of 0.6 in PBS. Three µL of the bacterial suspension were placed in the centre of a LB plate

containing 0.3%agarose. Plates were incubated at 37 ºC with 80% of humidity, and the radius of surface

extension was measured at 24 hours of incubation.

Statistical analysis. Variations in bacterial adherence, invasion, biofilm formation, and motility were

assessed utilizing the Mann–Whitney U test provided by the software package SPSS (Version 26.0;
Armonk, NY: IBM Corp.). The graphical representations depicted were produced using GraphPad Prism

10. All P-values less than 0.05 were regarded as statistically significant.
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ExPEC and UPEC strains exhibited the highest colonization rates in adherence and invasion

assays, with UPEC displaying significantly greater invasiveness, potentially due to additional

virulence factors such as iron acquisition systems and toxins. Moreover, a strong correlation was
observed between the ST117 lineage and elevated invasive capacity, reinforcing its pathogenic

potential, consistent with similar findings for the ST131 lineage.
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Figure 2. ST117 E. coli strains analysed in this study associated with ExPEC+UPEC or UPEC pathotypes to compare the

genetic lineage with pathotypes in a) adherence to cells and b) internalization into cells A293.
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Figure 4. a) Statistical analysis of the distribution within the virulence profiles encoding the different pathotypes detected in our

study. b) Overview among pathogenic E. coli of the additional virulence determinants encountered and their correlation between
the different pathotypes analysed.
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We identified 47 virulence-related genes, of which 13 were primarily associated with relevant pathotypes.

Within the EAEC strains, we observed the pathotypes ExPEC (n=8; pap, sfa/focDE, afa/draBC, kpsMII,

iutA), UPEC (n=9; chuA, fyuA, vat or yfcV), and a combination of ExPEC and UPEC (n=10; characterized
by a minimum of two of the previously described pathotypes) (Table 1).

In vitro adherence and invasion assays demonstrated that the pathotypes exhibiting the highest
colonization rates corresponded to strains carrying genes associated with ExPEC and UPEC (Figure

1a). Furthermore, significant differences were noted in both adherence and invasion when comparing
ExPEC with UPEC, as well as the comparison between STEC and EPEC, among other pathotypes

(Figure 1b).

Due to the elevated incidence of ExPEC+UPEC and their potential chromosomal localization of the

encoding genes, we decided to compare our results regarding genetic lineages:

• ST117 exhibited significant differences in their capacity for cellular invasion, with UPEC demonstrating

a higher level of invasiveness (Figure 2b). Secondly, in reference to the comparison of pathotypes and
genetic lineages, within the ExPEC and UPEC pathotypes, the high-risk genetic lineages identified in

ST117 and ST131 exhibited significant differences in their invasiveness (Figure 2 and Figure 3).

Consequently, the insights derived from the genomic data enabled us to establish a correlation between

the in vitro results and specific virulence factors. Our approach involved: i) identifying which genes

associated with each pathotype were evidently linked based on our findings, and ii) investigating
statistically significant relationships between virulence genes and bacterial pathotypes, particularly

emphasizing those genes that displayed an exclusive correlation with a single pathotype.

The outcomes of this investigation are encapsulated in a heat map, wherein the associations between

pathotypes and genes are illustrated; exclusivity is denoted in pink, while genes detected across multiple
pathotypes are highlighted in yellow. Initially, it was observed that the chuA gene exhibited a significant

association with the UPEC pathotype. Additionally, the kpsMII and pap genes were linked to both ExPEC

and UPEC, the eae gene was associated with EPEC, while the stx1/2 genes corresponded to STEC and
the toxins eltAB-4 and stap-STa1 were related to ETEC, as it was well described previously (Figure 4a).

Regarding the complementary virulence factors identified, it has been observed that the ExPEC

pathotype exhibited a notable specificity for the hra gene. In contrast, UPEC demonstrated specificity for
the tsh gene, both of which play significant roles in cell adhesion. Additionally, the tia gene in UPEC is

implicated in cell invasion (Figure 4b).

The lack of significant associations for certain pathotypes (EPEC/STEC/ETEC) in this analysis may

primarily be attributed to the minimal sample sizes, with totals of only 3/1/1, respectively.

Figure 3. Statistical analysis of Ec isolates using the Mann-Whitney U Test grouped by genetic lineage across ExPEC+UPEC
pathotype according to a) adherence to cells and b) internalization into cells A293.

Figure 1. Mann-Whitney U analysis for the 38 E. coli isolates grouped by pathotypes for the interpretation of adherence and 
invasion to epithelial kidney cells (HEK-293 line). 
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