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Power et al, Brit J Nutr 2013 

Microbiota: beneficial functions in health 



Drugs Disease 

Diet  
(enteral formula) 

Factors influencing the gut microbiome in EN: 
The 3 Ds 



Patients receiving EN have altered gut 
microbiome 

McDonald, mSphere 1: e00199-16 



Patients receiving EN have altered gut 
microbiome 

McDonald, mSphere 1: e00199-16 



Alterations in gut microbiome 
in EN are important 

Whelan et al. Am J Clin Nutr. 2009; 89: 240-247 



Diarrhoea 

Clostridium difficile 
Antibiotics 

Abnormal colonic 
water secretion 

Whelan et al. Proc Nutr Soc. 2007; 66: 299-306 

Microbiome, enteral nutrition and diarrhoea: 
Mechanisms 
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Do enteral formulas impact gut microbiome? 



Prebiotics 

A selectively fermented ingredient that 
results in specific changes in the 
composition and/or activity of 

the gastrointestinal microbiota, thus 
conferring benefit(s) upon 

host health (ISAPP, 2008) 
 

Fructans (e.g. oligofructose, inulin, FOS) 
Galacto-oligosaccharides) 
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Do enteral formulas impact gut microbiome? 



Standard formulas reduce butyrate and 
Faecalbacterium prausnitzii 

Benus  et al.  Brit J Nutr.  2010; 104: 693–700 



Fibre / prebiotic formulas can “beneficially” impact 
gut microbiome (in healthy volunteers) 
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Whelan et al,  J Nutrition  2005; 135: 1896-1902 



Majid et al. J Hum Nutr Diet. 2011; 24: 260-268 

Fibre / prebiotic formulas in acute in-patients 
receiving EN 



Fibre / prebiotic formulas in long term EN 

15 patients on long term EN (3.5 years) 
Randomised cross-over trial (14 d) 

Schneider et al, Clin Nutr 2006; 25: 82–90 



Fibre / prebiotic formulas in long term EN 

15 patients on long term EN (3.5 years) 
Randomised cross-over trial (14 d) 

Schneider et al, Clin Nutr 2006; 25: 82–90 



Add-FOS: RCT of 7 g/d additional prebiotics 
in enteral nutrition in patients on ICU 

Majid et al,  Clinical Nutrition,  2014; 33: 966-972 



Majid et al,  Clinical Nutrition,  2014; 33: 966-972 

Add-FOS: additional prebiotics actually 
lowered F. prausnitzii in patients on ICU 



Probiotics 

Live microorganisms that when administered in adequate amounts confer a 
health benefit on the host 

(FAO/WHO, 2002) 



(Some) probiotics may be beneficial 

Meta-analyses 

Necrotizing enterocolitis 24 RCTs RR 0.43 (0.33-0.56) Cochrane Database 
2014, CD005496 

Antibiotic-associated 
diarrhoea 63 RCTs RR 0.58 (0.50-0.68) J Am Med Assoc 

2012; 307:1959-69 

Clostridium diffficile-
associated diarrhoea 20 RCTs RR 0.34 (0.24–0.49) Ann Intern Med  

2012; 157: 878-888 

Post-operative infections 7 RCTs OR 0.26 (0.12-0.55)  Eur J Clin Pharmacol 
2009; 65: 561-70 

RCTs 
Ventilator-associated 
pneumonia n 146 Lacto GG        19.1%  

Placebo          40.0% 
Am J Resp Crit Care 
2010; 182: 1058-64 

Enteral diarrhoea n 128 S. boulardii    14.2% 
Placebo          18.9% 

Intensive Care Med 
1997; 23: 517-23 



Probiotics in enteral nutrition: safety 

Total citations retrieved through all 
search strategies (n=1966) 

Citations excluded on basis of 
title or abstract (n=1832) 

Complete reference obtained (n=138) 

Citations excluded on basis of 
complete reference (n=62) 

Case reports 
(n=20, in 32 pts) 

Safety trials 
(n=3) 

Non-safety trials 
(n=50) 

Whelan & Myers,  Am J Clin Nutr  2010; 91: 687-703 



52 papers reporting 53 trials 
Probiotics (4131 pts) vs placebo (3643) 
ICU, premature, surgical, transplant etc 
Probiotics: Lactobacilli, Bifidobacteria, S. boulardii, 
Mixtures (e.g. VSL#3) 

Safety trials (n 3) 
       L. plantarum, B. breve, L. casei Shirota 
       No adverse events 
       No bacterial colonisation   

Non-safety trials (n 50) 
No increase in any negative outcomes (47) 
Significant increase in negative outcome (3) 
Generally “non-infectious” 
       Liver transplant  (stenosis) 
       Neonatal ICU 
       Pancreatitis (ischaemia, mortality) 

Probiotics in enteral nutrition: safety 

Whelan & Myers,  Am J Clin Nutr  2010; 91: 687-703 



PRObiotics in PAncreatitis TRIAl (PROPATRIA) 

Besselink et al Lancet, 2008; 651-659 

296 patients with 
Severe Acute Pancreatitis 

Ecologic 641 
L. acidophilus, L. casei, 
L. salivarius, L. lactis, 
B. bifidum, B. lactis 

 
10¹⁰ cells/d via NJ for 28 d 

(n=152 patients) 

Placebo 
Cornstarch, maltodextrin 

 
 

via NJ for 28 d 
(n=144 patients) 



Besselink et al Lancet, 2008; 651-659 



Benefit 
Many RCTs show no adverse 

events or improved outcome 
 

NEC, AAD, CDAD 
 

Risk 
Small number of case reports 

and RCTs of adverse events 
 

(1) Probiotic-related 
(2) Administration-related 
(3) Host-related 

 
 

Ray, Nature Gastro Hep. 2013; 10: 381 



Fermentable 

Oligosaccharides (inulin-type fructans) 

                 (α-galacto-oligosaccharides) 

Disaccharides (lactose) 

Monosaccharides (fructose) 

And 

PolyolS  (sorbitol, mannitol) 



Marciani et al, Gastro 2010; 138: 469-477 

Mannitol increases small intestinal water 



16 healthy people 
Normal diet 
Challenges (40 g of each) 

Fructose also 
increases 
small intestinal  
water 

Murray et al, Am J Gastro 2014; 109: 110-9 



Staudacher et al 
Nature Reviews Gastro Hep  
2014; 11: 256–266 



Staudacher et al 
Nature Reviews Gastro Hep  
2014; 11: 256–266 



Staudacher et al 
Nature Reviews Gastro Hep  
2014; 11: 256–266 



Staudacher, J Nutrition 2012; 142: 1510-8      Bennet 
Halmos, Gut, 2015, 64: 93-100      UEGW, 2016 
 

Low FODMAP diet impacts microbiota (in IBS!) 

            Baseline            LFD 



Low FODMAP formulas and diarrhoea: 
Retrospective case note review 

Halmos et al, Alim Pharm Ther  2010; 32: 925–933 
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Halmos et al, Alim Pharm Ther  2010; 32: 925–933 

Low FODMAP formulas and diarrhoea: 
Retrospective case note review 



Low FODMAP formulas and diarrhoea: RCT 

Yoon et al, Nutrition J.  2015; 14: 116 



Yoon et al, Nutrition J.  2015; 14: 116 

Low FODMAP formulas and diarrhoea: RCT 



Halmos et al, J Parent Ent Nutr. 2016 (in press) 

But… problems in measuring FODMAPs in 
enteral formulas 



Halmos et al, J Parent Ent Nutr. 2016 (in press) 

But… problems in measuring FODMAPs in 
enteral formulas 



Summary 

The microbiome is impacted by disease, drugs and diet 
 
Enteral formulas without fibre impact the gut microbiome, which is 
partially prevented by addition of fibre and prebiotics, although this 
is not necessarily the case in patients with disease and on drugs 
 
Probiotics also modify the microbiota in EN and may have beneficial 
effects 
 
Low FODMAP formulas were shown to prevent diarrhoea, but 
previous studies in this area must be re-analysed due to problems of 
analysing FODMAPs in enteral formulas 
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