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What is Gut health?

"The absence of digestive 

pathologies that reduce the 

development of the animal in 

question"

Veterinary

"State of the animal in which the 

digestive functions develop 

normally"

Nutricionst

"More knowledge is needed to 

narrow the terms well"

Scientist

"Let the piglets eat and fatten well"

Farmer



What is Gut Health?

"A steady state where the microbiome and intestinal tract exist in 

symbiotic balance and where animal welfare and performance are not 

limited by gut dysfunction"

Pietro Celi



GUT

HostMicrobiome

Environment

Schokker et al., 2015



Escherichia coli 

Clostridium perfringens tipo C

Clostridium perfringens tipo A

Clostridioides difficile

Rotavirus

Coronavirus (PED / TGE)

Seneca virus

Coccidiosis

Bacteria

Virus
Parasite



ETEC: Post-weaning diarrhoea

• Clinical signs: 
• Low:  < 3% mortality + ↓ weight gain
• Severe: > 25% mortality + ↓ ↓ weight gain

VTEC: Oedema disease

• Signs:
• Clinical

• Sudden death
• Eyelid oedema, incordination, breathing

problems, death
• Mild subcutaneous oedema, pruritus and 

recovery
• Cronhical

• ↓ weight gain, neurological clinical signs, 
muscular atrophy

• Subclinical
• ↓ weight gain, secondary problems

Enterotoxigenic E.coli (ETEC) and Verotoxigenic E.coli (VTEC)

• Worldwide problems, endemic manifestation or outbreaks

• Appearance: First days after weaning > introduction to fattening (rare)



1. Ingestion of VTEC

2. Small bowel colonization (receptors in jejunum & 
ileum)

• ETEC:F18 – depends on the age (+15 days) → 3 weeks ↑
- Slow progession of the disease (5-7 días)
- End of lactation and post-weaning

3. Verotoxin replication & production (Vt2e/Stx2e)

5. Capillary involvement: degenerative angiopathy→ increases 
vascular permeability and epithelial necrosis

4. Transport of toxins into blood stream

6. Oedema, ataxia and death

VTEC pathogenesis
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Mixed infections are common

ETEC + VTEC (or ETEC with VTEC in the same bacterium)

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

Samples %

ETEC 277 57,5 %

aEPEC 156 32,4 %

VTEC/ETEC 33 6,8 %

VTEC 15 3,2 %

Increased
pathogenesis

Epidemiological study of 499 E. coli isolated from 
outbreaks of enteric colibacillosis with diarrhea in 
Spain

Pathogenesis ETEC and VTEC



Risk factors



Aetiology Risk factors

Disease E. coli patotipo Host Environment

Oedema

Disease VTEC/STEC:F18  Some resistant piglets 

lack F18 (ED + PWD) or 

F4 (PWD) receptor

 Stress

 Loss of calostral

antibodies

 Early weaning

 High growth animals (ED)

 Transport

 Mixing of animals

 Dietary changes

 Low level of milk or other animal 

products

 Some ingredients (ex: soy)

 Presence of other infections such 

as PRRSv, rotavirus, Salmonella

Post-weaning
diarrhoea

ETEC:F4, F18, 

ETEC:AIDA, EPEC, 

different pathotypes E. 

coli

Adapted from Diseases of Swine 11th Ed. 

ED and PWD Risk Factors



ZnO ban in 2022 

Intestinal balance should 

be more precise



Control strategies



Reduce pathogenic E. coli Protect against infection

Diagnosis

Control strategies



Reduce pathogenic E. coli Protect against infection

Nutrition Management/Facilities Immunity

Multifactorial approach

Control strategies



Nutrition Immunity

Multifactorial approach

Management/Facilities

Protect against infectionReduce pathogenic E. coli

Control strategies



Nutrition vs. ETEC and VTEC

Water
• Additives: Organic and inorganic

Ingredients (diet)
• Highly digestive
• Milk proteins
• Protein reduction (<18%)
• Intake restriction
• Fiber increase
• Flour vs pellets
• Calcium reduction 10% (buffer capacity)

Reduction of pathogenic E.coli and increase of resistance

Additives
• Organic and inorganic acids
• Essential oils
• ZnO boosted
• Anitmicrobial peptides
• Hydrolyzed plasma
• Beta-glucans
• Probiotics
• Prebiotics
• Oligosaccharides
• Enzymes



Nutrition against ETEC and VTEC

Effects
• Reduction of proteolytic bacteria

How?
• Use highly digestible proteins: plasma, 

lactic proteins
• Complement with syntetic amino acids

following the ideal AA 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

Redution of protein (<18% / <180g/kg)



2023



Live micro-organism
that when

administered in 
adequate amounts

confer benefits to the
host (FAO/WHO 2001)

Probiotics

A lot of research on
reducing ETEC, VTEC 

and other
pathogens

Barba-Vidal et al. 2018

Benefits?
Nutrition against ETEC and VTEC



Conclusions: 
• Effects: more articles describing beneficial effects with

probiotics (>80%) compared to negative.

• Against pathogens: 
• In most of the cases, the effects are positive, although they are quite “dicreet”
• Potential risks: some probiotics in animals with intestinal damage can suffer translocation pressure. 
• High variability: probiotics may have a positive effect in some trials and not in others. Differences in 

diets, dosajes, genetics or management can influence

TAKE-AWAY
Probiotics can help BUT…

“Do not look to probiotics as a replacement for antibiotics, combine them with
other nutritional solutions, management or vaccination strategies” 

Probiotics Benefits?

Nutrition against ETEC and VTEC



Reduce pathogenic E. coli Protect against infection

Nutrition Management / facilities Inmunity

Multifactorial approach

Control strategies



Water
• Quality control (regularly)

Hygiene
• Washing, desinfection and drying

• Pen
• Feeders and drinkers
• Others: farm boots? toys?

• Sanitary break (+4 days)
• Lactation (animales menos contaminados)

Facilites and environment
• Walls and floors (avoid wind zones, humidity zones, etc.) 

• Temperture
• Humidity
• Feeder and drinker space

Management
• All in/All out
• Late weaning
• Transport
• Group size (preaferable smaller groups)
• Density
• Stress
• Health control (vaccination)

Management against ETEC and VTEC

Reduction of pathogenic E.coli patogénicos and increase of resistance



23.5 ± 3°C 23.5 ± 0,5°C

High DAW Low DAW

Temperature

Low temperature

Reduces intestinal peristaltic activity and 
consequently increases bacterial colonization

Low temperaturas at weaning→more diarrhoea
Diseases of Swine. Fairbrother & Nadeau 2019.

Automatic temperature control reduces risk of post-
weaning diarrhea

Variable P-value

Temperature control: Automatic vs. Manual 0.03

Number of sows 0.02

Only 1 feeder 0.08

TºC fluctuations

High fluctuation of TºC increases diarrohea

Management ETEC and VTEC



Reduce pathogenic E. colis Protect against infection

Inmunity

Multifactorial approach

Management/Facilites

Strategies against ETEC and VTEC

Nutrition



Vaccination
• Vaccination of sows (for neonatal diarrhoea. ex. F4(K88
• Oral vaccines E.coli non-virulent F4(K88) and F18 → Post-weaning diarrhea
• Toxoid vaccines against Vt2e (Stx2e) → Edema disease
•

Oral antibodies
• Oral egg yolk powder with hens immunized against F4(K88) and F18

Genetic selection
• Animals resistant to F4(K88) and F18

Immunity against ETEC and VTEC

Reduction of pathogenic E.coli and increase of resistance



5. Antibodies neutralize the toxin

2

receptors

4

6. Healthy piglets, WITHOUT edema or ataxias

Inmunity against VTEC

Vaccination to increase the resistance of the animals

6. NO capillary damage

6

1. Ingestion of VTEC

2. Small bowel colonization (receptors in jejunum & 
ileum)

• ETEC:F18 – depends on age (+10 days?/+20 days?) 3 weeks. ↑
• - cause disease slowly (after 5-7 days)
• - end-lactation and post-weaning
•

3. Verotoxin production (Vt2e/Stx2e)

4. Transport of toxins into circulation

6
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1 ml / IM – One dose

From day 2 of life

Proction until slaughterhouse

Prevention of mortality

Reduction of clinical signs

PURIFICATION



Intestinal integrity

Maintaining intestinal integrity is key to 

avoiding possible primary or 

secondary processes that disrupt the 

intestinal balance

Post-weaning diarrhea

Streptococcus suis problems

Oedema problems





3 different ages 2 different ages

Nursery Fattening

Sampling moment

5 VEROCHECKS IN A PACK



1st

inoculation
2nd

inoculation
Dry for 1 hour at room 

temperature

Put into the plastic 

bag with the silica 

gel

10 seg. 1 hour

1

4

32

CRITICAL!

FTA INOCULATION



RESULTS



Prevalence of Verotoxin in 

Europe



MONITORING VEROCHECK PCRs
3 785 farms
19 633 samples





% OF POSITIVE FARMS
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The verotoxin effect is dose-dependent

Clinical signs Subclinical

Low growth, Strepto problems, 

post-weaning diarrhoea 



0%

2%

4%

6%

8%

Clinical Signs Mortality

Placebo VEPURED

vs PLACEBO

Trial on 4 commercial farms with oedema problems

Mortality

Clinical signs

Inmunity against VTEC
Vaccination to increase the resistance against VTEC 

-87% -95%



vs PLACEBO

102

104

106

108

110

Weights end of fattening (kg)

Placebo VEPURED

Wight increase

Immunity against VTEC

+4,1 Kg

Vaccination to increase the resistance against VTEC 

Trial on 4 commercial farms with oedema problems



Streptococcus suis

It has been reported that coinfections with other pathogens can 

influence the severity of Streptococcus suis problems1

1. Obradovic et al. 2021. Vet Res Mar. 20;52(1):49. doi:10.1186/s13567-021-00918-w

On a farm with S.suis problems and positive to 

Verotoxin:

vs

350 mg/kg amoxicillin
in feed after weaning

The production cost per piglet at 36.6 kg was reduced 

by € 1.32 in the VEPURED® group



Subclinical disease

Farm from South Korea (850 sows)

VT2e rtPCR (Verocheck)→ Positive

Without clinical signs or high mortality

March 2020 March 2021 March 2022June 2021

AfterBefore Onset of 

immunity



Subclinical disease

Even on a farm without clinical signs of oedema, production costs were lower after 

vaccination, especially because of the reduction of injectable antibiotics

Results



Nutrition InmunityManagement/Facilities

Conclusions

Reduce the number of pathogenic E. coli Protect against infection and
secondary diseases

Multifactorial approach



Vaccines

Oral antibodies

Genetic selection

Hygiene

Facilities & 
environment

Management 
(calostration)

Temperature

Water

Ingredients

Additives

Nutrition Immunity

Conclusions

Management/facilities

Reduce the number of pathogenic E. coli Protect against infection




