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E.coli sp. characterization

Gram-negative facultatively anaerobic rod (family Enterobacteriaceae)

Sampling

Intestinal/extra-intestinal tissue samples, feces, or rectal swabs



E.coli sp. field characterization

Gram-negative facultatively anaerobic rod (family Enterobacteriaceae)

MALDI-TOF (spectrometry )  Common fast and cheap method. No pathogenic

Bacterial growth (traditional microbiology) – haemolytic? 

Bacterial growth PCR 

Identification of virulence factors (PCR): Pathotypes

Direct PCR  Identification of virulence factors (PCR): Pathotypes  Common fast method

more information

Picking colonies = excluding others!

Relatore
Note di presentazione
MALDITOF: El análisis del perfil proteico del microorganismo en el espectro de los 2-20kD, que es donde se sitúan la mayor parte de las proteínas ribosómicas, ofrece para la gran mayoría de las especies bacterianas un perfil específico, que permite diferenciarlas del resto con una fiabilidad similar a la ofrecida por la secuenciación del ARNr 16S.



E.coli sp. characterization

Classification by pathotypes 

Based on virulence mechanisms (presence of a particular virulent factor)

EPEC

VTEC (STEC)

ETEC

ExPEC

Aero

CNF

LT

STa

STb
East1

VT1 (Stx1)

VT2e (Stx2e)

Eae P

Tsh

F4(K88)

F5

F6

F41
F18

Fimbrial adhesins

AIDA

Enterotoxins

AIDA: Adhesin Involved

in Diffuse Adherence

Diarrhea

Edema disease

Hemorrhagic dysentery

Diarrhea

Newborn

Postweaning

Septicemia

Aerosacculitis

Metritis

Mastitis

Relatore
Note di presentazione
Enteroaggregative Escherichia coli heat-stable enterotoxin 1 (EAST1) is a small protein that was first detected more than a decade ago in an enteroaggregative E. coli (EAEC) strain isolated from the stools of a diarrheic child.
This toxin is often compared to E. coli STa enterotoxin because they share some physical and mechanistic similarities. This review summarizes the various observations on EAST1 since its discovery.
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Why E.coli sp is the king of antimicrobial resistance?

Other bacteriaCommensal E.coliPotentially pathogenic E.coliPathogenic E.coli

Bacterial DNA

Mobile plasmid

Bacterial DNA  plasmids  bacterial DNA

Antimicrobial resistance genes

Zn resistance

Resistance to environment and disinfectant genes

Virulence genes

Relatore
Note di presentazione
E. coli may possess plasmids which can be transmitted between clones and bacteria of other species



Pathogenic E.coli

Why E.coli sp is the king of antimicrobial resistance?

Other bacteriaPathogenic E.coli

Bacterial DNA

Mobile plasmid

Bacterial DNA  plasmids  bacterial DNA

Antimicrobial resistance genes

Zn resistance

Resistance to environment and disinfectant genes

Virulence genes

Increased virulence

Increased persistence in environment

Increased antimicrobial resistance

Pathogenic E.coli



Why E. coli is the king of antimicrobial resistance?

Epidemiological study of 499 E. coli isolates recovered outbreaks of 

enteric colibacillosis (diarrhea) in Spain

Antimicrobial resistance of the isolates
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ETEC: Post Weaning Diarrhea (PWD)

• Presentation: 

• Mild:  aprox. 2% mortality + lower weight gain

• Severe: aprox. 25% mortality + sudden death 

VTEC: Edema Disease (ED)

• Presentation:

• Clinical

• Sudden death

• Eyelid edema, incoordination, respiratory distress, 

recumbency and death

• Mild subcutaneous edema, pruritus and recovery

• Chronic

• Decrease growth rate, nervous signs, muscle atrophy

• Subclinical

• Decrease growth rate

Pathogenicity ETEC and VTEC

• Worldwide problem, may be endemic or occur as outbreaks

• First weeks after weaning >introduction at fattening units (rare)



1. Ingestion of ETEC

Pathogenicity ETEC

2. Colonization small intestine (receptors in jejunum & ileum)
• ETEC:F4  - present from birth 

- cause diarrhea rapidly (after 1-2 days)

- peak excretion after 3-5 days

- neonatal and PWD

• ETEC:F18 - age dependant (+10 days?/+20 days?)  3 weeks ↑
- cause diarrhea slowly (after 5-7 days)

- late-lactation and PWD

• AIDA

3. Production of enterotoxins

5. Diarrhea, weight loss and death

1

2

receptors

4. Water and electrolyte loss

3

4

5

Relatore
Note di presentazione
When ingested in sufficient numbers, E. coli causing PWD and/or ED colonize and then proliferate rapidly to attain massive numbers to the order of 109/g of contents.



1. Ingestion of VTEC

Pathogenicity VTEC (STEC)

2. Colonization small intestine (receptors in jejunum & ileum)
• ETEC:F4

• ETEC:F18 - age dependant (+10 days?/+20 days?)  3 weeks ↑
- cause disase slowly (after 5-7 days)

- late-lactation and PWD

• AIDA?

3. Production of verotoxins (Vt2e/Stx2e)

5. Affection blood vessels: degenerative angiopathy small arteries  increase 

vascular permeability + epithelial necrosis

1

2

receptors

4. Transport of toxins to circulation

3

4

6

6. Edema, ataxia and death

5

When disease occurs VTEC 

may not be present in the 
intestine!

Relatore
Note di presentazione
Strains of EDEC may pass from the intestine to the mesenteric lymph nodes and produce Stx2e toxin there, providing another mechanism for absorption of toxin into the blood.




Pathogenicity ETEC and VTEC (STEC)

Mixed infections are common 

• ETEC + VTEC (or ETEC and VTEC in one bacteria)

• ETEC + other pathogens (Clostridium, Salmonella, Lawsonia, Brachyspira,…) 

Samples %

ETEC 277 57,5 %

aEPEC 156 32,4 %

STEC/ETEC 33 6,8 %

STEC 15 3,2 %

Increased pathogenicity 

Epidemiological study of 499 E. coli isolates recovered outbreaks 

of enteric colibacillosis with diarrhea in Spain
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Risk factors Edema Disease and PWD

Adapted from Diseases of Swine 11th Ed. 

Etiology Risk factors

Disease E. coli pathotype Host
Environment

Edema disease
STEC:F18

STEC: AIDA?

Some pigs resistant to F18 

due to lack of receptor

Stress

Loss of specific antibodies 

from milk

Up to 50% pigs may be 

resistant to F4 due to lack 

of receptor

Earlier weaning age 
more likely diarrhea

Rapidly growing pigs (ED)

Transportation

Mixing of pigs

Diet changes

Diet constituents

▫Low level of milk and other 

products of animal source

▫Certain ingredients such as soy 

beans

▫High protein diet 

Presence of other infections, such 

as PRRSv rotavirus, Salmonella

Post-weaning 

diarrhea

ETEC:F4, F18, ETEC:AIDA, 

EPEC, mixed E. coli 

pathotypes



Risk factors Edema Disease and PWD

ZnO ban in 2022 

Need for alternatives to control enteric 
disorders 
(mainly colibacilosis)
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Relatore
Note di presentazione
Ahora que conocemos cómo actúa la bacteria, la problemática de la utilización de los antibióticos para tratar estas patologías y los factores de riesgo de nuestras granjas… iremos a ver qué soluciones tenemos para afrontar esta problemática en nuestras explotaciones



Strategies against ETEC and VTEC

Diagnostic



Strategies against ETEC and VTEC

Reduce number of pathogenic E. coli Increase resistance of animals to infection

Nutrition Management

Facilities

Immunity



Strategies against ETEC and VTEC

Reduce number of pathogenic E. coli Increase resistance of animals to infection

Nutrition Management
Facilities

Immunity



Nutrition against ETEC and VTEC

Water

• Additives: Organic and inorganic acids

Ingredients (diet)

• Highly digestible

• Milk-based protein

• Reduced protein (<18%)

• Restricted feed intake

• Increase fibre

• Mash vs pelleted feed

• Reduce calcium levels 10% (buffer capacity) 

Reduce number of pathogenic E. coli and increase resistance of animals

Feed supplements

• Organic and inorganic acids

• Essential oils

• ZnO

• Antimicrobial peptides

• Spray-dried plasma

• Beta-glucans

• Probiotics

• Prebiotics

• Oligosaccharides: FOS, GOS, MOS

• Enzymes

Relatore
Note di presentazione
The reduction of particle size of feed improves pigs’ performance due to increased specific surface of feed particles allowing better contact with digestive enzymes. In this respect, fine grinding could be recommended in production of pig feed. Additionally, in modern pig production dry feed is predominantly used in pelleted form, which is mainly due to improved (i.e. decreased) feed conversion ratio (FCR) of pigs fed pelleted feed, but also due to other advantages of pelleted over mash feed. Size of feed particles is strongly reduced during pelleting process. Consequently, digestibility of nutrients in pig feed could be improved. On the other hand, presence of high quantities of fine particles in pig feed (both mash and pelleted) negatively affects the health of gastro-intestinal tract (GIT) leading to higher incidence of stomach ulceration and other negative alterations of gastric mucosa (keratization, erosions). Gastric ulcers are one of the most important causes of sudden death on farm that can result in large economic losses in pig production. Concerning that the animal therapy is expensive, labor-intensive, and mostly non-effective due to late recognition of ulceration, prophylactic recommendations are required. Thus, according to literature data, decreasing the quantity of fine particles in pig feed is strongly recommended. Particle size distribution of the pigs’ feed has a strong influence on presence of pathogen bacteria in GIT of pigs. Feeding pigs with coarse mash feed decreases pH value of stomach content compared to pigs fed finely ground mash feed and compared to pigs fed pelleted feed. This can be explained by slower passage rate, increased dry matter, and more dense consistency of stomach content in pigs fed coarse mash diets. Consequently, feed acidification in stomach is better, number of lactic acid bacteria and concentration of organic acids is higher, and pH of stomach content is lower. These conditions create additional “barrier” against pathogen bacteria. According to available data, optimal particle size of diets for pigs is in the range between 500 and 1600 μm, while particles smaller than 400 μm are considered as undesirable with high ulcerogenic capacity.



Nutrition against ETEC and VTEC

Effect 

• Reduce proteolytic bacteria

How?

• Use high valuable proteins: plasma, lactic proteins

• Complement with synthetic aminoacids to achieve ideal 

Aa’s profile

HP = high protein (24,3%)

LP5 = low protein (17,3%) fed for 5 d after weaning

LP7 = low protein (17,3%) fed for 7 d after weaning

LP10 = low protein (17,3%) fed for 10 d after weaning

LP14 = low protein (17,3%) fed for 14 d after weaning

Heo et al. 2008

Reduction of protein (<18% or <180g/kg)

Diets under 18% protein at weaning may fail to achieve 

maximal pig performance (even when supplemented with 

synthetic Aa’s)
Nyachoti et al. 2006

Relatore
Note di presentazione
(i) a high protein diet (HP, 243 g/kg CP) fed
for 14 d after weaning (HP14); (ii) a low protein diet (LP, 173 g CP/kg) fed for 5 d after
weaning (LP5); (iii) LP diet fed for 7 d after weaning (LP7); (iv) LP diet fed for 10 d
after weaning (LP10), and (v) LP diet fed for 14 d after weaning (LP14).



Nutrition against ETEC and VTEC

Live micro-organisms which 

when administered in 

adequate amounts confer a 

health benefit on the host 

(FAO/WHO 2001)

Probiotics

Enormous research to 

reduce ETEC, VTEC and 
other pathogens

Barba-Vidal et al. 2018

Benefits?



Nutrition against ETEC and VTEC

Conclusions: 

• Effects: higher number of articles describing beneficial effects with of probiotics 

(>80%) rather than negative effects.
Barba-Vidal et al. 2018

• Against pathogens: 

• majority of cases probiotic effects are positive, although they tended to be rather discrete.

• potential risks: certain probiotics in animals with damaged gut health or pathogen pressure (translocation).

• High variability: probiotic strains that were not useful in one trial are useful in other ones. Differences in diets, dosing, genetics, 

management… may influence.   

TAKE-AWAY
Probiotics may help BUT…

“Stop looking for probiotics as direct replacements for antibiotics.

Combine them with other feed, management or vaccination strategies”

Probiotics Benefits?
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Management against ETEC and VTEC

Hygiene

• Cleaning, disinfection and drying

• Pens

• Feeders and drinkers

• Other: farmer boots? Toys?

• Empty time (+4 days)

• Farrowing stage (less contaminated animals)

Facilities and environment

• Gate and floor design (avoid draughts, dry zone…)

• Temperature

• Humidity

• Feeder and drinker space

Reduce number of pathogenic E. coli and increase resistance of animals

Management

• All-in/all-out

• Increase weaning age

• Transport

• Group sizes

• Densities

• Stress

• Sanitary control

Water

• Quality control



Management against ETEC and VTEC

23.5±3°C 23.5±0,5°C

High PWD Low PWD

Temperature

Low temperature

Chilling reduces intestinal peristaltic activity and consequently 

increases bacterial colonization
• Low temperatures in weaner  more PWD

Diseases of Swine. Fairbrother & Nadeau 2019.

Le Divich et al. 1994
Automatic temperature control in the accommodation of weaners reduced the 

risk of PWD

Variable P-value

Temperature control: Automatic vs. Manual 0.03

Number of sows 0.02

Only 1 feeder 0.08

TºC fluctuation

Higher fluctuation increases PWD occurrence



Strategies against ETEC and VTEC

Reduce number of pathogenic E. coli Increase resistance of animals to infection

Nutrition Management

Facilities

Immunity



Immunity against ETEC and VTEC

Vaccination

• Maternal vaccination (for Neonatal diarrhea ex. F4(K88)

• Live oral nontoxigenic F4(K88) and F18 E.coli vaccines (PWD)

• Vt2e (Stx2e) toxoid vaccines (ED)

Oral antibodies

• Oral powdered egg yolk from F4(K88) and F18 immunized hens

Selection

• Genetic selection of F4(K88) and F18 resistant animals

Reduce number of pathogenic E. coli and increase resistance of animals



1. Ingestion of VTEC

2. Colonization small intestine (receptors in jejunum & ileum)
• ETEC:F4

• ETEC:F18 - age dependant (+10 days?/+20 days?)  3 weeks ↑
- cause disase slowly (after 5-7 days)

- late-lactation and PWD

3. Production of verotoxins (Vt2e/Stx2e)

5. Antibodies neutralize the toxin

1

2

receptors

4. Transport of toxins to circulation

3

4

6

6. Healthy piglets NO edema, ataxia and death

5

Immunity against VTEC
Vaccination to increase resistance of animals

6. NO Affection to blood vessels

6

Relatore
Note di presentazione
Strains of EDEC may pass from the intestine to the mesenteric lymph nodes and produce Stx2e toxin there, providing another mechanism for absorption of toxin into the blood.




Immunity against VTEC

0%

1%

2%

3%

4%

5%

6%

7%

Clinical Signs Mortality

Placebo VEPURED

vs PLACEBO

Vaccination to increase resistance of animals

Trial in 4 commercial farms with ED disease 

Mortality

Clinical signs

+6,5%

+3,7%



Immunity against VTEC

vs PLACEBO

103

104

105

106

107

108

109

110

Weights end of fattening (kg)

Placebo VEPURED

Vaccination to increase resistance of animals

Trial in 4 commercial farms with ED disease 

Productive performance (weight)

+4,1 kg



vs PLACEBO

104

105

106

107

108

109

110

Weights end of fattening (kg)

Placebo VEPURED

+3,8 kg

Immunity against VTEC
Vaccination to increase resistance of animals

Trial in 1 commercial farm with Subclinical Edema Disease 

Productive performance (weight)
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To sum up

Reduce number of pathogenic E. coli Increase resistance of animals to infection

Nutrition Management
Facilities

Immunity

Vaccination

Oral antibodies

Genetic selection 

Hygiene

Facilities & 

environment 

Management

Water

Water 

Ingredients

Feed supplements
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