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Chapter

Prologue: Escherichia coli, Listeria, 
and Salmonella
Maria Teresa Mascellino

1. Introduction

The present book deals with the following microorganisms: E. coli, Salmonella, 
and Listeria. The first two are Gram-negative bacteria belonging to the group of 
Enterobacteriaceae with the characteristic of becoming resistant to the most com-
mon antibiotics; whereas, the last one is a Gram-positive bacterium belonging to 
Corynebacterium, Erysipelothrix, and other Gram-positive microorganisms showing 
an involvement in pathologies as newborn meningitis and gynecological infec-
tion which may interfere with the pregnancy outcome. The peculiarity of all these 
bacteria is that they can be transmitted by contaminated food.

2. E. coli

Scientific classification
Domain: Prokaryota
Kingdom: Bacteria
Phylum: Proteobacteria
Class: Gamma Proteobacteria
Order: Enterobacteriales
Family: Enterobacteriaceae
Species: E. coli
The bacteria, in fact, can be found in the gastrointestinal tract (GI) of humans 

and animals, but they are mainly considered as ubiquitous microorganisms.
This bacterium includes a single species (E. coli) and is divided into 171 sero-

types, aerobic-anaerobic Gram-negative rods with flagella fimbriae, and able to 
ferment glucose and lactose.

The most important serotype is Escherichia coli O157:H7 or enterohemorrhagic 
Escherichia coli (EHEC), which often leads to enterohemorrhagic diarrhea and is 
also able to induce hemolytic uremic syndrome (HUS) which is characterized by 
acute renal failure, hemolytic anemia, and thrombocytopenia that are more com-
mon in children and in elderly people [1].

Serotype O157-H7 causes numerous outbreaks and sporadic cases of bloody 
diarrhea. Foodborne pathogenic E. coli contamination, such as that with E. coli O157 
and O104, is very common even in developed countries. Bacterial contamination may 
occur from environmental, animal, or human sources and cause foodborne illness [2].

The three main diseases, depending on each particular serotype involved, are 
urinary tract infections, intestinal diseases, and neonatal meningitis [3].

Many different mechanisms of action are reported regarding the virulence of  
E. coli. Although most strains are saprophytic colonizing the large bowel, some 
types of them are involved in different pathologies such as traveler’s and childhood 
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diarrhea (ETEC and EPEC also in Mexico and North Africa EAEC), hemorrhagic 
colitis (EHEH), and a Shiga-like disease (EIEC). As far as this last point is concerned, 
it is reported that the differentiation between Shigella and E. coli is quite more com-
plicated when we consider enteroinvasive E. coli (EIEC). In fact, EIEC are strains that 
are similar to E. coli but are able to cause dysentery using the same method of inva-
sion as Shigella. In fact, in this specific situation, EIEC is more related to Shigella than 
to non-invasive E. coli [4]. This strain is among the most common cause of foodborne 
diseases other than of neurological and renal complications, especially in children.

Escherichia coli K1 strains are major causative agents of invasive disease of new-
born infants. Colonization of the small intestine following oral administration of K1 
bacteria leads rapidly to blood stream infections (BSI). Indeed, these microorgan-
isms are the cause of life-threatening infections that are acquired from the mother 
at birth thus colonizing the small intestine, from where they invade the blood and 
central nervous system.

E. coli is increasingly present as a MDR (multi-drug resistant) bacterium, in 
fact its genomic outfit has acquired various antibiotic resistances through the 
production of ESBL [5] and carbapenemases as well as metallo-beta lactamases 
(NDM = New Delhi metallo-beta lactamases) making the infections of this bacte-
rium extremely worrying [6] (Figures 1 and 2).

3. Listeria monocytogenes

Class: Bacilli
Kingdom: Bacteria
Family: Listeriaceae
Classification: Listeria
Listeria monocytogenes is a Gram-positive, mobile, rod-shaped bacterium that is 

ubiquitous in the environment. It can be isolated in soil and wood and decays in the 
natural environment; however, the principal acquisition of Listeria is through the 
ingestion of contaminated food products. Listeria is a foodborne pathogen that con-
taminates food-processing environments and persists within biofilms in the surround-
ings. The peculiar characteristic of this microorganism is its ability to grow even in 
extreme situations, such as under high salt conditions and refrigeration temperatures, 
maintaining its vitality in various food products [7]. Even though the incidence of 
listeriosis is lower than other enteric illnesses, infections caused by  
L. monocytogenes are more serious and may lead to hospitalizations and fatali-
ties. These infections mainly affect women and children who acquire the disease 

Figure 1. 
Morphology of E. coli. http://www.lacolonscopia.it/colonscopia/escherichia-coli-come-prevenirlo-e-curarlo/
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through vertical transmission from mother to infant during pregnancy or childbirth. 
Nosocomial infections between children are rare but anyhow they were reported. The 
most important disease for the newborns is the neonatal meningitis, which shows a 
high degree of mortality (higher in the developing countries which can reach 40–58% 
of cases). Listeriosis requires rapid treatment with antibiotics and most drugs suit-
able for Gram-positive bacteria are effective against L. monocytogenes. Generally, 
the Listeria clinical strains are susceptible to the common antibiotics because only a 
minority results as being resistant to antimicrobial agents. In the same way, several 

Figure 2. 
Slide from “New Delhi metallo-beta-lactamase (NDM-1). Facts, controversies, solutions. An update” T.V. Rao 
(Powerpoint 2016). https://www.slideshare.net/doctorrao/new-delhi-metallobetalactamse

Figure 3. 
Phagocytosis of Listeria. Legenda: (internalins InlA and InlB), phagosome lysis (listeriolysin O (LLO)), 
phosphatidylinositol-specific phospholipase C (PI-PLC) and phosphatidylcholine ((PC)-PLC), cell-to-cell 
spread (actin assembly-inducing protein (ActA)), intracellular growth (hexose-6-phosphate transporter 
(Hpt)) [10].

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.

If you do not have it, you can download it here.
You can freely access the chapter at the Web Viewer here.

Securing Connection...Acrobat is blocking documentloading.com

or

File cannot be found.

https://get.adobe.com/reader/
https://documentloading.com/viewer/c6e4f2a7c4424684912268d3274b77b7
https://helpx.adobe.com/acrobat/using/allow-or-block-links-internet.html


New Insight into Brucella Infection and Foodborne Diseases

4

strains detected from food exhibited resistance to antimicrobials not suitable against 
listeriosis [8]. Pregnant women can carry Listeria asymptomatically in their gastro-
intestinal tract or vagina and the risk of transmitting this infection to their babies is 
high. The consequence of listeriosis to human health is a very important issue due to 
its virulence mainly in children with an underlying immunodeficiency. Symptoms 
include fever, headache, abdominal pain, diarrhea, vomiting, and convulsions. The 
complications can be appendicitis and Meckel’s diverticulitis [9].

Listeria which is saprophyte in the environments such as water, soil, and food, 
once internalizes into the mammalian host, shows its virulence through the expres-
sion of many gene products reported in Figure 3 [10].

4. Salmonella

Domain: Prokaryota
Kingdom: Bacteria
Phylum: Proteobacteria
Class: Gammaproteobacteria
Order: Enterobacteriales
Family: Enterobacteriaceae
Genre: Salmonella
Salmonella is the most commonly isolated bacterial agent of foodborne and 

epidemic infections. It was reported for the first time in 1886, in a case of swine 
fever by the American doctor Daniel Elmer Salmon.

The genus Salmonella is characterized by Gram-negative facultative anaerobic 
bacilli without spores. They are mobile through peritrichous flagella with the excep-
tion of S. gallinarum and S. pullorum. The serotypes are diversified according to 
the somatic antigen “O,” the flagellar antigen “H” and the surface antigen “Vi.” The 
Vi antigen is exclusively expressed by S. typhi and is able to circumvent the innate 
immune response by repressing flagellin and LPS expression [11]. The “O” antigens 
are distinguished in the serogroups A, B, C1, C2, D, and E.

Salmonella is present in the environment and can be either commensal or 
pathogen for men and various animals; some serotypes are exclusively pathogen 
for humans (i.e., S. typhi and S. paratyphi A and C), others infect both humans and 
animals such as S. typhimurium [12].

In humans, there are two kind of infectious diseases:

1. typhoid and paratyphoid fever [13]

2. minor salmonellosis [14]

Salmonella infection is transmitted through fecal route by the ingestion of 
contaminated food and drink. Salmonella typhi is responsible for typhoid fever, and 
its transmission can occur, especially in developing countries, by water and food 
infected or with direct contact among people, especially in poor hygienic condi-
tions. The minimum infectious dose can be less than 15–20 cells. Individual sensi-
tivity depends on the patients’ age and on the nature of Salmonella strains.

In most cases, Salmonella infection occurs in mild form and resolves on its own 
within a few days. In these situations, the advice is not to consider the diarrheal 
phenomenon, since it is the natural defense mechanism used by the organism to 
expel germs. Normally, for Salmonella, it should be enough to adopt a supportive 
therapy: administration of oral rehydration solutions (which are used to compensate 
for water and salts lost with vomiting and diarrhea), lactic ferments, and probiotics.
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Although salmonellosis is a bacterial infection, the use of antibiotics is not 
recommended as it could lengthen the persistence time of Salmonella in feces or 
induce antimicrobials resistance [15]. Hospitalization and the use of antibiotics are 
indicated only in severe cases (with extra-intestinal symptoms), in infants under 
3 months and in subjects with chronic-degenerative diseases.

In recent times, Salmonella has changed its characteristics worldwide, becoming 
the etiologic agent of many peculiar pathological processes such as cancer develop-
ment, inflammatory process, and immune-pathogenesis [16, 17] (Figure 4).
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Figure 4. 
Salmonella infection pathogenesis. The ingestion of contaminated food or water begins the infective processes 
(gastroenteritis or systemic infection) depending on the species of Salmonella involved (minor and major 
Salmonellae). The microorganisms reach the intestinal epithelial cells and migrate to the lamina propria 
invading the liver from where Salmonella reaches the gall bladder and can cause chronic carriage which gives 
rise to healthy carriers [18].

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.

If you do not have it, you can download it here.
You can freely access the chapter at the Web Viewer here.

Securing Connection...Acrobat is blocking documentloading.com

or

File cannot be found.

https://get.adobe.com/reader/
https://documentloading.com/viewer/c6e4f2a7c4424684912268d3274b77b7
https://helpx.adobe.com/acrobat/using/allow-or-block-links-internet.html


6

New Insight into Brucella Infection and Foodborne Diseases

[1] Tapader R, Bose D, Pal A. YghJ, the 
secreted metalloprotease of pathogenic 
E. coli induces hemorrhagic fluid 
accumulation in mouse ileal loop. 
Microbial Pathogenesis. 2017;105:96-99. 
DOI: 10.1016/j.micpath.2017.02.020. 
Epub: February 16, 2017

[2] Yang SC, Lin CH, Aljuffali IA, 
Fang JY. Current pathogenic Escherichia 
coli foodborne outbreak cases and 
therapy development. Archives of 
Microbiology. 2017;199(6):811-825. 
DOI: 10.1007/s00203-017-1393-y. [Epub: 
June 9, 2017]

[3] Daga AP, Koga VL, 
Soncini JGM, de Matos CM, 
Perugini MRE, Pelisson M, et al. 
Escherichia coli bloodstream infections 
in patients at a University Hospital: 
Virulence factors and clinical 
characteristics. Frontiers in Cellular and 
Infection Microbiology. 2019;9:191-201. 
DOI: 10.3389/fcimb.2019

[4] van den Beld MJC, Reubsaet FAG. 
Differentiation between Shigella, 
enteroinvasive, Escherichia coli (EIEC) 
and noninvasive Escherichia coli. European 
Journal of Clinical Microbiology & 
Infectious Diseases. 2012;31:899. DOI: 
10.1007/s10096-011-1395-7

[5] Picozzi CM, Casellato S, 
Rossini M, Paola G, Tejada M, 
Costa E, et al. Extended-spectrum 
beta-lactamase-positive Escherichia coli 
causing complicated upper urinary tract 
infection: Urologist should act in time. 
Urology Annals. 2014;6(2):107-112. 
DOI: 10.4103/0974-7796.130536

[6] Solé M, Pitart C, Roca I, 
Fàbrega A, Salvador P, Muñoz L, et al. 
First description of an Escherichia 
coli strain producing NDM-1 
Carbapenemase in Spain. Antimicrobial 
Agents and Chemotherapy. 
2011;55(9):4402-4404. DOI: 10.1128/
AAC.00642-11

[7] Camargo AC, Woodward JJ, Call DR, 
Nero LA. Listeria monocytogenes in food-
processing facilities, food contamination, 
and human listeriosis: The Brazilian 
scenario. Foodborne Pathogens and 
Disease. 2017;14(11):623-636. DOI: 
10.1089/fpd.2016.2274. Epub: 2017

[8] Radoshevich L, Cossart P. Listeria 
monocytogenes: Towards a complete 
picture of its physiology and 
pathogenesis. Nature Reviews. 
Microbiology. 2018;16(1):32-46. DOI: 
10.1038/nrmicro.2017.126. [Epub: 
November 27, 2017]. Review

[9] Li MH, Li YJ, Hu B, Guo LY, Guo X, 
Guan HZ, et al. Clinical characteristics 
and next generation sequencing of 
three cases of Listeria monocytogenes 
meningitis with complications. 
Zhonghua Er Ke Za Zhi. 2019;57(8): 
603-607. DOI: 10.3760/cma.j.i
ssn.0578-1310.2019.08.007

[10] Freitag NE, Port GC, Miner MD. 
Listeria monocytogenes—From saprophyte 
to intracellular pathogen. Nature 
Reviews. Microbiology. 2009;7(9): 
623-628. DOI: 10.1038/nrmicro2171. 
[Epub: August 3, 2009]

[11] de Jong HK, Parry CM, van der 
Poll T, Wiersinga WJ. Host–pathogen 
interaction in invasive salmonellosis. 
PLoS Pathogens. 2012;8(10):e1002933. 
DOI: 10.1371/journal.ppat.1002933. 
[Epub: October 4, 2012]. Review

[12] Johnson R, Ravenhall M, 
Pickard D, Dougan G, Byrne A, 
Frankel G. Comparison of Salmonella 
enterica serovars Typhi and 
Typhimurium reveals typhoidal serovar-
specific responses to bile. Infection and 
Immunity. 2018;86(3):pii: e00490-pii: 
e00417. DOI: 10.1128/IAI.00490-17. 
Print: March 2018

[13] Johnson R, Mylona E, Frankel G. 
Typhoidal Salmonella: Distinctive 

References

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.

If you do not have it, you can download it here.
You can freely access the chapter at the Web Viewer here.

Securing Connection...Acrobat is blocking documentloading.com

or

File cannot be found.

https://get.adobe.com/reader/
https://documentloading.com/viewer/c6e4f2a7c4424684912268d3274b77b7
https://helpx.adobe.com/acrobat/using/allow-or-block-links-internet.html


7

Prologue: Escherichia coli, Listeria, and Salmonella
DOI: http://dx.doi.org/10.5772/intechopen.89654

virulence factors and pathogenesis. 
Cellular Microbiology. 
2018;20(9):e12939. DOI: 10.1111/
cmi.12939. [Epub: August 9, 2018]. 
Review

[14] Fàbrega A. Salmonella enterica 
serovar Typhimurium skills to succeed 
in the host: Virulence and regulation. 
Clinical Microbiology Reviews. 
2013;26(2):308-341. DOI: 10.1128/
CMR.00066-12

[15] Liu S, Kilonzo-Ntheng A. Prevalence 
of multidrug-resistant bacteria from 
US-grown and imported fresh produce 
retailed in chain supermarkets and 
ethnic stores of Davidson County, 
Tennessee. Journal of Food Protection. 
2017;80(3):506-514. DOI: 10.4315/0362-
028X.JFP-16-178

[16] Wang CZ, Kazmierczak RA, 
Eisenstark A. Strains, mechanism, 
and perspective: Salmonella-based 
cancer therapy. International Journal of 
Microbiology. 2016;2016:5678702. DOI: 
10.1155/2016/5678702. Review

[17] Nieto PA, Pardo-Roa C,  
Salazar-Echegarai FJ, Tobar HE, 
Coronado-Arrázola I, Riedel CA, 
et al. New insights about excisable 
pathogenicity islands in Salmonella and 
their contribution to virulence. Microbes 
and Infection. 2016;18(5):302-309. DOI: 
10.1016/j.micinf.2016.02.001. [Epub: 
March 3, 2016]

[18] Urdaneta V, Casadesús J. Interactions 
between bacteria and bile salts in the 
gastrointestinal and hepatobiliary 
tracts. Frontiers in Medicine 
(Lausanne). 2017;4:163. DOI: 10.3389/
fmed.2017.00163. eCollection 2017

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.

If you do not have it, you can download it here.
You can freely access the chapter at the Web Viewer here.

Securing Connection...Acrobat is blocking documentloading.com

or

File cannot be found.

https://get.adobe.com/reader/
https://documentloading.com/viewer/c6e4f2a7c4424684912268d3274b77b7
https://helpx.adobe.com/acrobat/using/allow-or-block-links-internet.html

