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Mucosal immunity 
Intestines 

Brown et al 2013 

Microbiota driven health effect 
via fermentation Direct interactions with immune cells 

Food / bacterial 
antigens 



Entero-pathogen Salmonella 
Oral vaccination has low efficacy 

Anna Fàbrega, and Jordi Vila Clin. Microbiol. Rev. 2013;26:308-341 

Salmonellosis = 90 million people yearly 
  12% food poisoning in Europe  



Selected pre- and probiotics 

Long-chain inulin type fructan 
 
TLR-2 stimulating effect (Vogt, 2014) 

Downregulates the Treg function and enhances Th1/Th17 activation (Fransen, 2017) 
Enhances hepatitis B vaccination in young adults via Th1 stimulation (Vogt, 2017) 

 

Lactobacilli 
L. brevis W63, L. casei W56, L. acidophilus W37 
 
Active in the ileum 
Strain-dependent effects 
Protects against pathogen adhesion (Perdigon, 2002) 



In vitro selection of Lactobacilli 
Comparing effects on gut barrier function 

Compound 

Trans-epithelial electric resistance 



L. acidophilus W37 has strongest effect 
1. Gut barrier function 
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L. acidophilus W37 prevents Salmonella 
induced damage to gut barrier 
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L. acidophilus W37 reduces pathogenic stress 
Gut barrier function and signalling 

W63 W37 W56
1001_at 1.00579 1.092729 CDH3
24146_at 1.09223 1.070162 CLDN15
10686_at 1.000478 CLDN16
1364_at 1.033953 1.041106 CLDN4
1500_at 1.072475 1.10187 CTNND1
1832_at 1.019119 1.021409 DSP
667_at 1.070007 1.089455 DST
50848_at 1.020454 1.031106 F11R
10207_at 1.049111 1.050814 INADL
3655_at 1.008546 1.055726 ITGA6
3909_at 1.03141 1.04786 LAMA3
3914_at 1.048114 1.063313 LAMB3
3918_at 1.107414 LAMC2
64398_at 1.004793 -1.03065 MPP5
84612_at 1.010895 1.006955 PARD6B
8502_at 1.039673 1.056929 PKP4
5339_at 1.094043 1.087516 PLEC
5584_at -1.05106 -1.07897 PRKCI
5872_at -1.0157 -1.01514 RAB13
51762_at 1.004224 1.020754 RAB8B
4088_at 1.031409 1.060132 SMAD3
6615_at 1.002074 1.126937 SNAI1
6801_at -1.00638 1.052325 STRN
7040_at -1.00519 1.031594 TGFB1
7481_at -1.01354 1.0083 WNT11
5566_at -1.07712 -1.09378 PRKACA
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In vitro selection of lactobacilli 
Immune Toll-like receptors (TLRs) 



long-chain inulin/L. acidophilus W37 synergistically 
activate and inhibit Toll-like receptors 

Activation TLR
2 

TLR3	 TLR4 TLR
5 

TLR7	 TLR8	 TLR
9 

L. brevis W63 (+)	 (+)	 -	 -	 -	 (+)	 (+)	

L. casei W56 -	 -	 -	 -	 -	

L. acidophilus W37 ++	 +	 -	 -	 -	 -	 -	

Long-chain inulin ++	 +	 (+)	 ++	 (+)	 (+)	 (+)	

Long-chain inulin 
/L. acidophilus W37 

++	 ++	 (+)	 +	 -	 -	 -	

Inhibition TLR
2 

TLR3	 TLR
4 

TLR
5 

TLR7	 TLR8	 TLR
9 

L. brevis W63 -	 -	 -	 -	 - - - 

L. casei W56 -	 -	 -	 -	 -	 -	 -	

L. acidophilus W37 -	 -	 -	 -	 -	 -	 -	

Long-chain inulin ++	 -	 -	 -	 -	 -	 -	

Long-chain inulin 
/L. acidophilus W37 

++	 -	 -	 ++	 -	 ++	 -	



Testing selected ingredients for enhancing vaccination 
Salmonella vaccination and challenge 

Day 2 after birth 
Start daily food intervention 

Day 24 
Weaning 

Day 55 
Sacrifice 

Daily challenge 
Salmonella Typhimurium 

Day 25  
Oral vaccination Salmoporc 

Day 55 
Sacrifice 

Day 55 
Sacrifice 

Day 55 
Sacrifice 

n = 29 



No adverse effects of daily intervention in neonates 
Diarrhea post-weaning decreased by inulin 

Days after birth 

Long-chain inulin vaccinated 

Long-chain inulin +  
L. acidophilus W37 vaccinated 
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Long-chain inulin/L. acidophilus W37 supports  
oral vaccination efficacy in piglets 

Days after birth 

Vaccination Start Salmonella challenge 

Vaccinated + long-chain inulin 
and L. acidophilus W37 

Vaccinated + long-chain inulin 

Vaccinated + placebo 

Non-vaccinated + placebo 

* 

Weaning 

23 26 44 52 55 



Microbiota correlates with enhanced antibody titer 
in long-chain inulin + L. acidophilus W37 



Pre- and probiotics have very specific effects 
Overview of the results 

Long-chain	inulin	alone	increased	feed	efficiency		
	
Long-chain	inulin	alone	and	combined	with	L.	acidophilus	
W37	reduced	diarrhea	
	
Long-chain	inulin	combined	with	L.	acidophilus	W37	
supports	oral	vaccina<on	efficacy	against	Salmonella	

L.	acidophilus	W37	increased	barrier	func<on	via	
upregula>on	of	<ght-junc<on	protein	
	
L.	acidophilus	W37	protected	epithelial	cells	against	
Salmonella	Typhimurium	
	
Long-chain	inulin	combined	with	L.	acidophilus	W37	
synergis<cally	ac<vated/inhibited	TLRs	



Conclusions 
Future perspectives 

Long-chain inulin/L. acidophilus W37 improves 
vaccination 
 
Instrumental in the fight against STM  
 
Limit spreading in humans via food consumption. 	



Thank you for your attention! 


