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Pathogenicity and virulence
factors of Escherichia coli
discovered using next
generation sequencing
technologies and proteomics
Khuthadzo L. Mudau*, Lesoka R. Ntobeng , Chimdi M. Kalu
and Memory Tekere

Department of Environmental Science, College of Agriculture and Environmental Sciences, University
of South Africa, Florida, South Africa
Escherichia coli is a gastrointestinal bacterium previously known for its

commensal activities in the human digestive systems. Their occurrence in

drinking water and natural water sources has been used as a faecal pollution

footprint or marker to determine the extent of pollution. However, their ability to

cause diseases as an opportunistic bacterium is a global concern. Hence,

unveiling their diverse virulence factors and pathogenicity through diverse

technologies becomes pertinent. The advent of next-generation sequencing

technologies and proteomics have significantly propelled these studies forward.

Utilizing next-generation sequencing and proteomics, scientists have unveiled a

multitude of pathogenicity and virulence factors linked to E. coli. This review

underscores the advancements made in uncovering E. coli’s pathogenicity,

virulence factors, and specific attributes through next-generation sequencing

and selected proteomics investigations. The review presents and describes

discovered pathogenicity and virulence factors. It concludes that while

significant progress has been made, there is still much work to be done that

can utilize next-generation sequencing and proteomics in this area of research

fully. The in-depth study of E. coli’s virulence factors and pathogenicity could

provide preventive/curative insight into a pattern or technologies that could be

adopted to minimize the outbreak of disease associated with the bacterium even

at their opportunistic level.
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1 Introduction

Theodor Escherich first described Escherichia coli in 1885

(Escherich, 1885; Mueller and Tainter, 2023). There are hundreds

of strains of the bacterium E. coli (Berthe et al., 2013; Mueller and

Tainter, 2023). Many of the strains are typically benign and

proliferate in human the digestive tracts. However, due to its

virulence, E. coli can elude the host’s immune system and become

resistant to commonly prescribed antibiotics (CDC, 2016; Jang

et al., 2017). Attributed to extensive characterization of its

phenotypes and genotypes, E. coli has served as a valuable model

organism for research and education since the 1940s.

Nine identified pathovars of E. coli strains isolated from

humans can cause diarrheagenic and extraintestinal diseases

(Donnenberg, 2013; Yang et al., 2017). Seven of these pathotypes

are enteric pathogenic E. coli, including Enteropathogenic E. coli

(EPEC), Enterohaemorrhagic E. coli (EHEC), Enterotoxigenic E.

coli (ETEC), Enteroinvasive E. coli (EIEC), Enteroaggregative E. coli

(EAEC), Diffusely adherent E. coli (DAEC), and a recently

discovered pathotype, Adherent-Invasive E. coli (AIEC) (Herzog

et al., 2019; Mandomando et al., 2020). These particular pathotypes

are mainly responsible for triggering diarrhea and various intestinal

disorders. For instance, Enterohemorrhagic E. coli (EHEC)

pathotypes pose significant public health concerns as they are

known foodborne pathogens and have been linked to fatal

outbreaks in both developed and developing countries (Kaper

et al., 2004; Donnenberg, 2013; Foster et al. 2015). These

pathotypes cause diseases by expressing genes that encode

virulence factors, and recent studies have emphasized their

potential impact on a range of disorders (Jangid et al., 2024;

Palmela et al., 2018; Desvaux et al., 2020).

Pathogenic microorganisms produce specialized molecules,

predominantly proteins, known as virulence factorscontrolled by

specific genes (Lewis et al., 2015; Tenaillon et al., 2023). Each type of

pathogenic E. coli has its distinct pathogenicity mechanisms and

virulence factor profile, which is determined by specific gene

clusters. It is interesting to note that various enteric and

extraintestinal pathotypes of E. coli share common virulence

factors and strategies (Tenaillon et al., 2010; Habibi et al., 2017;

Peng et al., 2024). The most common virulence factors and

strategies shared by enteric and extraintestinal pathogenic E. coli

includes iron acquisition systems (siderophores), adhesins, fimbriae

(including P fimbriae), lipopolysaccharides (LPS), capsules,

secretory IgA proteases and various toxins (such as hemolysin

and cytotoxic necrotizing factor) (Clements et al., 2012; Lindstedt

et al., 2018; Potgieter et al., 2018).

In recent years, research has identified several virulence factors

associated with enteric E. coli pathotypes, which are implicated in

intestinal and extraintestinal disorders (Lo et al., 2015; Pakbin et al.,

2021). The use of NGS has significantly aided in the identification of

E. coli virulence factors, allowing for improved diagnosis of clinical
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specimens, the distinction between different infections causing

diseases, identification of the sources of illness, and the

implementation of disease control measures to prevent further

spread of diseases.
2 Pathogenicity and virulence factors
of E. coli

E. coli naturally resides in the gastrointestinal tract (GIT) of

humans and animals. Pathogenic E. coli can be classified into two

main groups: diarrheagenic E. coli (DEC) and extra-intestinal

pathogenic E. coli (ExPEC) (Desvaux et al., 2020). ExPEC is

responsible for a variety of infections such as sepsis, neonatal

meningitis, and urinary tract infections (UTI) due to the release

of toxins (Daga et al., 2019; Paramita et al., 2020). According to

Garcia et al. (2013), ExPEC secretes toxins such as hemolysin A

(HlyA), cytotoxic necrotizing factor 1 (CNF 1), and cytolethal

distending toxin (CDT). HlyA forms membrane pores to lyse

erythrocytes and effector immune cells (Lerm et al., 1999;

Hofman et al., 2000) and can also induce Ca2+ oscillations in

renal epithelial cells, resulting in increased production of IL-6 and

IL-8 (Uhlen et al., 2000).

There are six well-recognized pathotypes of DEC, including

enterotoxigenic E. coli (ETEC), enteropathogenic E. coli (EPEC),

enteroaggregative E. coli (EAEC), Shiga toxin (Stx)-producing E.

coli (STEC), enteroinvasive E. coli (EIEC), and diffusely adherent E.

coli (DAEC) (Martins et al., 2015; Tourret and Denamur, 2016;

Clermont et al., 2019). These pathotypes are known as the primary

causative agents of childhood and traveler’s diarrhea (Martins et al.,

2015; Tourret and Denamur, 2016; Clermont et al., 2019). EAEC

has been traditionally recognized as an intestinal pathogen and is

unlikely to cause disease in individuals outside of the intestinal

environment (Mandomando et al., 2020; Meza-Segura et al., 2020).

Additionally, EAEC produces various toxins, including the

enteroaggregative heat-stable toxin 1 (EAST1) encoded by the

heat-stable enterotoxins (ast) A gene, which is located adjacent to

the plasmid-encoded toxin gene (Eichhorn et al., 2015). This toxin

has been compared to the heat-stable E. coli STa enterotoxin,

suggesting its role in causing secretory diarrhea. According to

Dadonaite et al. (2018) and Roser and Ritchie (2021), diarrhea led

to the deaths of at least 370,000 children in 2019, with

800,000fatalities per year based on 2013 data. While diarrhea is a

global issue, its prevalence and impact are most pronounced in low-

income countries. Many outbreaks are attributed to intestinal

pathogenic E. coli strains, which exhibit distinct virulence traits,

different O: H serotypes, and characteristic clinical syndromes

(LeJeune et al., 2008; Rojas-Lopez et al., 2021). Nonetheless, these

E. coli strains also share certain steps in the pathogenesis

mechanism, including attachment to the intestinal mucosa and

the possession of plasmids that encode virulence factors (Potgieter
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and Pinto, 2019; Rojas-Lopez et al., 2021). A table summarising the

virulence factors, the discovery methods, associated E. coli strains,

the diseases they case, and their modes of action is presented in

Supplementary Table 1.
3 Comparative genomics and
molecular basis of pathogenicity and
virulence in E. coli

The comparative genomics approach aims to systematically

organize the major virulence factors in E. coli, providing a

comprehensive and comparative understanding across different

pathotypes, phylogroups, and virulence factor categories (Desvaux

et al., 2020; Clark and Maresso, 2021). This organization offers

valuable insights into vaccine targets categorized by phylogroup and

also identifies alternative strategies to effectively counteract this

pathogen from multiple perspectives (Kaper et al., 2004; Rojas-

Lopez et al., 2018; Paramita et al., 2020). Currently, this is made

possible through genome sequencing technologies, which generate

extensive datasets revealing the genome structure and diverse genes

present in E. coli (Clermont et al., 2019; Tenaillon et al., 2023). The

information derived from genome sequencing and RNA sequencing

projects enables a deeper understanding of the mechanisms utilized

by E. coli to cause diseases in humans and facilitates the

classification of pathogenic variants (pathovars) based on their

virulence gene content (Hazen et al., 2017; Geurtsen et al., 2022).

These projects have significantly advanced our understanding of the

pathogenicity and virulence of E. coli in recent years. In a study by

Pakbin et al. (2021), the virulence factors of enteric pathogenic E.

coli were reviewed to gain insight into the diverse virulence factors

associated with encoding genes used by different pathotypes of

enteric pathogenic E. coli to cause intestinal and extraintestinal

diseases in humans. The most notable outbreak involving a hybrid

isolate of E. coli O104:H4 was discovered in 2011 in Europe (Beutin

and Martin, 2012). For example, an E. coli outbreak in Germany in

2011, which affected over 3,400 people and led to 39 deaths, was

attributed to a hybrid pathogenic E. coli (Bielaszewska et al., 2011).

Through a combination of comparative genomics, transcriptomics,

and functional characterization of virulence mechanisms, it was

highlighted that four EPEC/ETEC isolates are likely from EPEC

isolates that have acquired ETEC virulence genes via mobile genetic

elements, most likely divergent plasmids.

For instance, human and cattle studies have identified E. coli

isolates containing combinations of EPEC/ETEC and STEC/ETEC

virulence genes (Dutta et al., 2015; Li et al., 2018). Previous reports

have characterized hybrid E. coli isolates with a combination of

canonical virulence genes from different E. coli pathovars. Among

these isolates, three contained genes encoding the Shiga toxin of

STEC and the heat-stable enterotoxin (ST) of ETEC (Franz et al.,

2014; Li et al., 2018). Another study found an isolate containing the

LEE region of EPEC and the LT genes of ETEC (Dutta et al., 2015).

These findings underscore the limitations of simplistic pathovar

definitions and indicate the presence of numerous circulating

hybrid isolates. Phylogenomic comparisons have shown that E. coli
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isolates with identical virulence gene content can be found in different

locations within the species’ phylogenomic framework. While these

phylogroups often consist of isolates from a single pathovar, they may

also contain isolates from different pathovars, such as EPEC and

ETEC (Franzin and Sircili, 2015; Iqbal et al., 2016). As a result, there

is a growing need for greater utilization of next-generation

sequencing (NGS) approaches and proteomic techniques to gain

deeper insights and address the limitations associated with identifying

diverse E. coli pathovars and understanding the connection between

genes and associated pathogenicity and virulence.
4 Pathogenicity and virulence factors
of E. coli discovered Using NGS
technologies

Understanding and defining pathogenic microorganisms is

crucial for effective disease treatment, recovery, and ensuring

patient safety. Next-Generation Sequencing (NGS) has

significantly contributed to the generation of extensive datasets of

genomes and transcriptomes. With NGS, the complete DNA

sequence of a bacterial genome can be determined in a single

sequence run, providing valuable information on resistance,

virulence, and typing, which is especially useful for outbreak

investigations (Deurenberg et al., 2017). The availability of whole

genome sequencing (WGS) from bacterial pathogens was hastened

by notable infectious disease events, such as the cholera epidemic in

Haiti following the 2010 earthquake (Barzilay et al., 2013) and the

international E. coli 0104:H4 outbreak linked to fenugreek sprout

consumption (Mellmann et al., 2011; King et al., 2012). NGS

technologies allow for the sequencing of entire genomes of

multiple pathogens in a single sequence run, whether from

bacterial isolates of different patients or various species in patient

material from a single individual (metagenomics). Although E. coli

strains are typically non-harmful and part of the normal intestinal

microflora, certain pathogenic groups like DEC and ExPEC can

cause illness in humans and animals beyond the GI tract (Wang et

al., 2022).

The different pathotypes of E. coli each have unique pathogenicity

mechanisms and a specific set of virulence factors encoded by specific

gene clusters. These genes may be involved in activities such as

adhesion, invasion, attachment, iron acquisition, motility, and toxin

activity (Sarowska et al., 2019). E. coli pathotypes can be categorized

into four main virulence classes: colonization, fitness, toxins, and

effectors, each containing specific virulence factors with distinct

functions (Pakbin et al., 2021). It’s worth noting that various

enteric and extraintestinal pathotypes of E. coli share common

virulence factors and strategies (Mainil, 2013). In recent years,

many virulence factors associated with E. coli pathotypes linked to

intestinal and extraintestinal disorders have been identified (Gomes

et al., 2016; Clermont et al., 2019). Studying these virulence factors

and their associated genes can provide valuable insights into the

interactions between these factors in E. coli pathotypes and host

proteins at the molecular level, shedding light on how they cause
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diseases and enabling the development of preventive strategies (Songe

et al., 2016). The extensive use of NGS holds promise in overcoming

the limitations in identifying these virulence factors and

associated genes.

Virulence genes have the potential to enhance the pathogenicity

of E. coli by inhibiting or evading the host’s immune system and

deriving nutrients from the host, consequently depriving the host of

essential nutrients (Wijetunge et al., 2015; Clermont et al., 2019). In

recent years, much attention has been given to the analysis of the

phylogenetic affiliation of pathogenic E. coli strains, to understand

the sources of such ExPEC and to limit the spread of multidrug

resistance among such strains. E. coli strains mainly fall into four

phylogenetic groups (A, B1, B2, and D) and those virulent extra-

intestinal strains mainly belong to groups B2 and D (Carlos et al.,

2010; Alfinete et al., 2021). It has been found that pathogenic E. coli

strains causing extraintestinal infections mainly belong to group B2

and, to a lesser extent, group D. In contrast, commensal strains

belong to groups A and B1 (Chakraborty et al., 2015; Cordoni et al.,

2016). In a study by Lyhs et al. (2012), 207 E. coli isolates from

poultry meat products were characterized using the polymerase

chain reaction (PCR) method. The findings revealed the presence of

a virulent gene in each isolate. The majority of the isolates were

categorized into phylogenetic group D, followed by groups A and

B2 (Lyhs et al., 2012). Based on virulence factor gene PCR, 23.2

percent of the strains were classified as ExPEC strains, containing

avian pathogenic, uropathogenic, and neonatal meningitis-causing

E. coli (Johnson et al., 2008; Zhao et al., 2018). Furthermore, all E.

coli strains obtained from raw meat and shellfish contained at least

one of the 16 virulence genes detected (Van et al., 2008; Bradshaw,

2024). It is imperative to identify such virulence genes in the food

industry using NGS as their presence in the identified E. coli strains

raises significant concerns for human health.

Over the past two decades, molecular diagnostic methods have

made significant advances and have played an increasingly critical

role in medical microbiology laboratories. These methods have

significantly reduced the time from sample collection to obtaining

results and have enabled the detection of non-cultivable pathogens

(Molechan et al., 2019). However, whole-genome sequencing

(WGS) has emerged as the gold standard due to its accessibility

and affordability, revolutionizing outbreak investigations (Nutman

and Marchaim, 2019). In a study on genome-based characterization

of E. coli causing bloodstream infections through NGS by Paramita

et al. (2020), 22 patients were found to have E. coli isolates

exhibiting high diversity in serotypes, sequence types, virulence

genes, and antimicrobial resistance (AMR) genes. Of the 22 E. coli

isolates, 12 different sequence types (STs) were identified. Notably,

five (22.7 percent) of the E. coli samples belonged to ST131, all of

which had serotype O25:H4. Additionally, each of ST38, ST405, and

ST69 were observed in three (13.6 percent) out of the 22 E. coli

isolates. Paramita et al. (2020) provided further explanations

regarding the observed stereotypes, particularly that ST38 had

two stereotypes (086:H18 and an undefined stereotype belonging

to H30). Additionally, ST405 was associated with a particular O102

stereotype, while ST69 comprised numerous diverse stereotypes. It

was noted that strains with the same stereotype and sequence types
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(STs) harbored the same set of virulence genes (Bien et al., 2012;

Lemaitre et al., 2014; Paramita et al., 2020).

Recent studies have provided strong support for the significant

advancements in genomics facilitated by NGS, which has greatly

expanded our understanding of genome structure, function, and

dynamics. NGS technology has empowered extensive research,

allowing scientists to delve into the complexities of genetic

information in unprecedented ways. For instance, in the context

of understanding the pathogenicity and virulence factors of E. coli,

Nafea et al. (2024), emphasized that NGS accurately identifies and

detects a diverse range of pathogens, including viruses, bacteria,

fungi, and parasites, across various sample types, such as clinical

specimens, environmental samples, and vectors. However, the use

of NGS is not without its limitations, particularly in pathogen

detection, which include the need for robust bioinformatics

pipelines, standardized methods, and optimized workflows for

different sample types (Nafea et al., 2024). It’s important to note

that while NGS shows immense potential in pathogen

identification, metagenomic NGS procedures are not yet

approved by the Food and Drug Administration (Kim et al., 2016;

Kong et al., 2024), and its application in clinical pathogen

recognition is still in its early stages. Despite these challenges,

ongoing advancements in sequencing technologies, data analysis

tools, and collaborative efforts among researchers, clinicians, and

public health agencies are expected to further enhance the

application of NGS in identifying various pathogens. These

developments are poised to significantly improve the diagnostics,

surveillance, and control of infectious diseases.
4.1 Notable studies which paved NGS in
the study of E. coli and pathogenicity

Before NGS technologies, researchers relied on real-time PCR,

microarrays, and culture methods to uncover the pathogenicity and

virulence factors of E. coli (Li et al., 2024). These early studies laid

the foundation for subsequent research based on NGS. Some of

these studies involved genetic and genomic characterization using

DNA-DNA hybridization (DDH) procedures (Marmur et al., 1963).

This method classified strains as members of E. coli if they exhibited

at least 70 percent DNA similarity to the reference strains (Brenner

et al., 1972). It’s important to note that DDH percentages do not

precisely reflect the actual DNA identity between strains (Rosselló-

Mora, 2006), but this approach was pivotal in establishing a

threshold-based method for defining bacterial species.

Report from World Health Organization (2022) stipulated

thatalmost 600 million people suffer from illnesses caused by

consuming contaminated food each year, leading to an estimated

420,000 deaths. Among the various pathogenic bacteria associated

with foodborne illnesses, E. coli holds a unique position. This

bacterium exhibits a dual nature, serving as a beneficial resident

of the gut and a harmful pathogen, making it a focal point of

scientific research (Kornacki and Marth, 1982; Liu et al., 2017).

Most of the strains of E. coli possess beneficial attributes essential to

bodily processes such as vitamin K productionwhich aid in the
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prevention of harmful bacterial colonization (Jangid et al., 2024).

Particularly, the O157 strain has garnered attention due to its

involvement in serious foodborne outbreaks. Several research

efforts are currently underway to thoroughly understand the

epidemiology, pathogenesis, transmission dynamics, and

preventive measures associated with E. coli O157 (Carlos et al.,

2010; Schwaiger et al., 2024).

In their 2017 study, Messerer et al. utilized NGS to explore the

horizontal gene transfer of pathogenicity islands in E. coli. The

research findings indicated that pathogenic E. coli (ExPEC) harbors

pathogenicity islands (PAIs), and the mechanisms by which these

PAIs are acquired remain poorly understood. These PAIs equip

ExPEC with the ability to efficiently colonize and invade hosts. The

study also demonstrated that tetracycline-resistant transconjugants

had a higher efficiency in spreading the acquired PAIs through

conjugation (Messerer et al., 2017). This phenomenon potentially

contributes to the widespread dissemination of the E. coli HPI

despite its lack of self-transferability. Notably, the Integrative and

Conjugative Elements (ICEs) type of the HPI, while still mobile, is

less prevalent within the E. coli species (Martin et al., 2013; Jangid

et al., 2024).
4.2 E. coli pathogenesis-related genes
discovered using RNA-seq transcriptomics

NGS is already in use in numerous medical microbiology

laboratories for activities such as outbreak management, molecular

case finding, pathogen characterization, and surveillance. With the

ability to rapidly identify bacteria using the 16S-23S rRNA region,

perform taxonomy and metagenomics approaches on clinical

samples, and determine zoonotic microorganism transmission from

animals to humans, NGS is proving to be highly beneficial

(Deurenberg et al., 2017; Cui et al., 2024).

Another cutting-edge method in the field is RNA sequencing

(RNA-Seq), which offers an unbiased high-throughput sequencing

approach to capture the global transcriptional response of an

organism under specific conditions. This approach enables the

simultaneous analysis of all regions of the genome, which sets it

apart from methods like microarray and quantitative reverse-

transcription PCR (qRT-PCR), which are limited to known

genomic regions as targets. Moreover, RNA-Seq can be used to

analyze isolates with diverse or unknown genomic content, unlike

microarray analysis, which relies on samples exhibiting sequence

similarity to known targets used to develop the microarray probes

(Lyhs et al., 2012; Deurenberg et al., 2017; Clermont et al., 2019).

This passage provides a comprehensive overview of the application

of RNA-Seq in characterizing the transcriptomes of various human

disease-associated bacteria (Servin, 2014; Zhao et al., 2022). The

studies cited showcase the use of RNA-Seq in elucidating differences

in quorum sensing regulons of distinct isolates of Pseudomonas

aeruginosa, as well as in identifying global regulators in

enterotoxigenic E. coli (ETEC). However, the text also highlights

the absence of prior studies utilizing RNA-Seq to delineate the

global transcriptional response of enteropathogenic E. coli (EPEC)
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and the variability in the global virulence regulons of EPEC across

divergent phylogenomic lineages of E. coli.
4.3 E. coli pathogenetic proteins
discovered using proteomics approaches

Proteins serve as macromolecular machines that carry out a

wide range of biochemical functions, such as acting as building

blocks, transporters, and enzymes. These protein functions are

intricately linked with other components of organisms, including

genes, RNA, and metabolites. Proteomics involves the

comprehensive study of the sets of proteins produced by

organisms (Geiger et al., 2010; Aebersold and Mann, 2023). The

entire set of proteins produced by an organism is known as its

proteome, which can vary across cells and is influenced to some

degree by the underlying transcriptome. In the past, proteins were

primarily studied using low-throughput methods that focused on a

relatively small set of proteins, providing qualitative data on their

structure, function, and interactions with other cellular

components. However, these traditional techniques offered only

limited insight into the overall proteome of a cell (Cho, 2007;

Tenaillon et al., 2016). In contrast to gel-based and antibody-based

methods, mass spectrometry (MS) has been employed to generate

extensive datasets on the proteome (Chandramouli and Qian,

2009). The typical workflow in proteomics begins with the

extraction of total proteins from the tissue, followed by trypsin

digestion, chromatographic separation of short peptides, and MS

analysis. This is followed by the identification of proteins in the

sample and the compilation of a protein list. Similar to NGS,

proteomics studies have been advanced by the development of

various instruments that enable peptide separation, mass analysis,

and other downstream applications. These instruments must meet

specific criteria, including high throughput and confidence in

peptide identification, with notable examples being Orbitrap and

time-of-flight mass analyzers (Geiger et al., 2010). A common

approach to improving MS performance has been the

development of hybrid systems, which combine different ion

analyzers in a triple quadrupole instrument, enhancing MS

capacity over a single quadrupole. In the triple quadrupole, data

on m/z values are combined with data on molecule fragmentation

patterns to improve accuracy, made possible by the inclusion of a

second quadrupole acting as a collision cell (Aebersold and Mann,

2023; Geiger et al., 2010). Adhesins of pathogenic E. coli can also

include outer-membrane proteins, such as intimin of uropathogenic

E. coli (UPEC) and enterohemorrhagic E. coli (EHEC), or other

non-fimbrial proteins. Certain surface structures can trigger signal

transduction pathways or cytoskeletal rearrangements leading to

disease. The identification of such proteins has been facilitated by

advanced methods of protein identification.

In a study conducted by Bose et al. (2017), an in silico

investigation was reported on the protein-protein interactions

(PPIs) between human cells and four EHEC strains, namely

EDL933, Sakai, EC4115, and TW14359. The purpose of the study

was to gain insights into the virulence and host-colonization
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strategies of these strains. The research encompassed the intra-

species PPI data from humans and different strains of E. coli, aiming

to infer potential Host Pathogenic Interactions (HPIs) between the

host and the pathogen proteins. The findings revealed that the

invading pathogens have developed mechanisms to evade the host’s

immune defenses, particularly by counteracting the redox stresses

induced by the host. Given the significance of PPIs in bacterial

colonization and survival within the host, it was conjectured that

the abundance of host and bacterial proteins involved in these

interactions would reflect the bacteria’s colonization potential (Bose

et al., 2017). Higher HCI- values of the 0157:H7 strains indicate

their superior ability to colonize the human gut. The identified HPI

is anticipated to contribute to understanding the biological

underpinnings of diseases caused by various bacterial pathogens,

including E. coli (Liang et al., 2005; Bose et al., 2017).
5 Summary and conclusions

A wide variety of pathogenicity mechanisms and virulence factor

profiles are present across enteric E. coli pathotypes, raising significant

concerns for public health and food safety (Han et al., 2020). The

evolution of enteric E. coli pathotypes has led to the emergence of

distinct pathotypes capable of toxin secretion, aggregative

colonization, and survival in the gastrointestinal tract. These

adaptations, driven by key genetic elements, have given rise to new

pathotypes (Beutin and Martin, 2012; Lang et al., 2018). The

emergence of novel E. coli pathotypes, like Shiga toxin-producing E.

coli (STEC), has highlighted the need for robust surveillance systems,

as evidenced by the contamination of raw and pasteurized bulkmilk in

South Africa resulting in fatalities (Ntuli, 2017). To address this,

studies and monitoring systems have been integrated into one-health

approaches and networks, recognizing that enteric pathogenic E. coli

can be transmitted through food, water, animals, and humans (Yang

et al., 2017; Kaczvinsky et al., 2024). It is important to note that enteric

E. coli pathotypes have a significant impact on various functions

within host cells, such as protein synthesis, gene transcription,

secretion of molecules and ions, cytoskeleton rearrangement,

apoptosis, and signal transduction. These pathotypes possess a wide

array of virulence factors which are encoded by specific gene clusters

on the chromosome or mobile genetic elements (Ntuli et al., 2018). To

effectively monitor these pathotypes, it is essential to utilize NGS and

proteomics to obtain accurate information about their virulence

profiles. While numerous pathogenicity and virulence factors have

been identified, there is still a need for further research leveraging NGS

and proteomics technologies. The discovery of additional

pathogenicity and virulence factors could lead to the development

of new control methods, novel treatments, and improved

immunization strategies against E. coli.
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