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Background
Commensal in the human gut

• Consistent with lower gut physiology

Discovered by Theodore Escherich in 1885
• German Paediatrician

• Coli meaning ‘from the gut’

Most well studied and scientifically used bacteria
• Strain K12 model organism for scientific study

Jumpstarted the Biotechnology Industry
• Production of pharmaceuticals and foods

» Insulin, HGH, IFN-γ, peptides

» Rennin

» Biofuels

Serotype descriptions (O,H,K)
• Species and strains



E. coli in Biotechnology



E. coli in the Human Gut
• Gut commensal E. coli (Average 5) 

• Most abundantly in the colon
• Harmless and often beneficial

• E. coli ferments complex sugars and 
facilitates colonic motility

• E. coli produces important short chain fatty 
acids like acetate, lactate and succinate 
that stimulate colonocyte activity

• E. coli produces and modulates 
neurotransmitters like norepinephrine, 
serotonin and dopamine 

• Commensal E. coli can become harmful by 
sharing or taking in pathogenic DNA via 
plasmids, from exposure to bad E. coli and 
other bacterial, yeast or viral pathogens



Pathogenic E. coli

• Diarrhoeagenic E. coli
• Most common in foodborne outbreaks

» Enterohaemorrhagic E. coli (EHEC)
» Shiga toxin-producing E. coli (STEC)
» Verocytotoxin-producing E. coli (VTEC)

• Enterotoxigenic E. coli (ETEC)
• Enteropathogenic E. coli (EPEC)
• Enteroaggregative E. coli (EAEC)
• Enteroinvasive E. coli (EIEC)
• Diffusely adherent E. coli (DAEC)

• Extraintestinal Pathogenic E. coli (ExPEC)
• Uropathogenic E. coli (UPEC)
• Meningitis-associated E. coli (MNEC)
• Septicemic E. coli (SPEC)



Food-based Outbreaks

• 0157:H7 
• O104:H4
• O121
• O145
• O26

• In Asia, clinical outbreaks common (ETEC) and 
often associated with traveller’s diarrhoea -
nicknamed after the countries of first 
association
• ‘Delhi’ Belly condition associated with 

travellers to India
• ‘Bali’ Belly condition associated with 

travellers to Indonesia



Significant Other Gut Pathogens

• Vibrio cholerae

• Salmonella typhimurium

• Listeria monocytogenes

• Klebsiella pneumoniae

• Candida albicans



Good E. coli

• Nissle 1917 strain
• Discovered by German military 

surgeon Alfred Nissle during World 
War I, from the stools of a soldier 
who did not develop any form of 
severe diarrhoea despite being in a 
high cholera and dysentery 
environment despite his fellow 
soldiers becoming severely ill

• After the war, Prof Nissle’s work on 
the strain continued to yield 
substantial results that showed it 
effective and safe in protecting 
humans and livestock from a variety 
of gut-related conditions

• Today, the strain is produced and 
branded Mutaflor® by Ardeypharma, 
based in Herdecke, Germany



Nissle 1917 Characteristics



Nissle 1917 Biofilms

• ECN is the best natural E. coli strain 
colonizer in the lower gut, through 
optimal biofilm formation at 37 degC

• ECN biofilms effectively 
• protect colonocyte mucus layers
• improve tight junctions integrity
• starve off pathogens



Nissle 1917 Outcompetes Pathogens



Nissle 1917 Limits Pathogen Growth



E. coli in Early Life



Nissle 1917 Protective Effects
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Nissle 1917 Anti-Inflammatory



Nissle 1917 may protect against Colon Cancer



Nissle 1917 Repairs Leaky Gut



Nissle 1917 in a Quality Product



Clinical Experience



Diarrhoea (Infants/Toddlers)
Acute Diarrhoea
• 113 children (aged 2 – 47 months)
• >3 water/loose stools in 24h
• ECN superior to placebo, safe & 

well-tolerated 

Prolonged Diarrhoea
• 151 children (aged 1 – 47 months)
• >3 water/loose stools in 24h
• > 4 consecutive days, < 14 days
• ECN higher 7-day, 14-day, 21-day 

response rates, safe & well-tolerated



Chronic Constipation (Adults)
• 2 controlled clinical studies (n = 178)

• 8-week study showed significantly more bowel movements with ECN vs placebo
• 12-week study showed comparable efficacy between ECN and lactulose

• Frequency and facility of bowel movement, normal consistence and side 
effects all better with ECN than lactulose



Ulcerative Colitis

• 3 gold-standard comparisons for 
maintenance of remission of adults in 
UC showed ECN equivalent to 
Mesalazine

• Open pilot study (Henker et al. 2008) 
comparing maintenance in children 
and adolescents with changeover from 
Mesalazine to ECN – no significant diff 
in recurrence rate

• European Crohn’s & Colitis 
Organization (ECCO) recognizes ECN as 
the evidence-based probiotic drug for 
maintaining remission



Irritable Bowel Syndrome
• Multicenter trial (Keller et al. 

2010) - 41 subjects on Mutaflor® 
• IBS symptoms improved in 

most patients, particularly 
meteorism and pain 
intensity ameliorated

• 78% stated treatment 
tolerance as good or very 
good

• IBS patients with an infection or 
treated previously with 
antibiotics improved significantly 
with several weeks of Mutaflor® 
therapy (Kruis et al. 2012)

• German Association of Digestive 
and Metabolic Diseases (DGVS) 
guideline recommends ECN for 
IBS management (Layer et al. 
2011)



Clinical Support

• Traveller’s diarrhoea

• Gut flora regrowth

• Antibiotic treatments 

• General Gut Health



Clinical Considerations

• If given with Gram-ve targeting 
antibiotics, separate doses of ECN and 
the antibiotic by 2 - 4 hours

• Natural resistance of ECN makes it a 
good combination with Triple Therapy 
antibiotics in H. pylori eradication 
regimes



Dosing and Side Effects
• Standard dose for Adults and Teenagers is 

1-2 capsules per day
• Best taken with water and the first 

meal of the day
• Up to 4 capsules per day if supporting 

slow bowel movements
• Long-term regular consumption 

necessary in supporting the 
maintenance phase of specific 
medical conditions

• Side effects
• Flatulence (most common)
• Borborygm (rare)
• Meteorism (rare)



Safety
• Tested and produced to pharmaceutical standards

• Apathogenicity
• Viable cell count
• Microbiological purity
• Genetic stability

• Best investigated, therapeutically used E. coli strain in the world
• Fully-sequenced genome (2014)
• Stocked in the German Collection of Microorganisms and Cell 

Cultures (DSM 6601)

• History of close to 100 years of safe, uninterrupted use in medicine 
• Continually studied and consistently validated

• No antibiotic resistance propagation
• Does not share genes

• Suitable for immune compromised
• LPS targeted by the complement cascade if ever it reaches the 

blood (serum sensitive)

• No age restrictions
• Beneficial in pregnancy, full- and pre-term babies through to 

adults



Study examines therapeutic bacteria’s ability to prevent obesity

Thursday, Jul. 17, 2014, 9:16 AM

A probiotic that prevents obesity could be on the horizon. Bacteria that produce a therapeutic compound in the gut inhibit weight 

gain, insulin resistance and other adverse effects of a high-fat diet in mice, Vanderbilt University investigators have discovered.

Regulatory issues must be addressed before moving to human studies, Davies said, but the findings published in the August issue of the Journal 
of Clinical Investigation suggest that it may be possible to manipulate the bacterial residents of the gut – the gut microbiota — to treat obesity 
and other chronic diseases. Davies has a long-standing interest in using probiotic bacteria — “friendly” bacteria like those in yogurt — to deliver 
drugs to the gut in a sustained manner, in order to eliminate the daily drug regimens associated with chronic diseases. In 2007, he received a 
National Institutes of Health Director’s New Innovator Award to develop and test the idea. Other studies have demonstrated that the natural gut 
microbiota plays a role in obesity, diabetes and cardiovascular disease.

To start, the team needed a safe bacterial strain that colonizes the human gut. They selected E. coli Nissle 1917, which has been used as a 

probiotic treatment for diarrhoea since its discovery nearly 100 years ago. They genetically modified the E. coli Nissle strain to produce a lipid 
compound called NAPE, which is normally synthesized in the small intestine in response to feeding. NAPE is rapidly converted to NAE, a 
compound that reduces both food intake and weight gain. Some evidence suggests that NAPE production may be reduced in individuals eating a 
high-fat diet.

The investigators added the NAPE-producing bacteria to the drinking water of mice eating a high-fat diet for eight weeks. Mice that received the 
modified bacteria had dramatically lower food intake, body fat, insulin resistance and fatty liver compared to mice receiving control bacteria. 
They found that these protective effects persisted for at least four weeks after the NAPE-producing bacteria were removed from the drinking 
water. And even 12 weeks after the modified bacteria were removed, the treated mice still had much lower body weight and body fat compared 
to the control mice. Active bacteria no longer persisted after about six weeks.

Davies noted that the researchers also observed effects of the compounds in the liver, suggesting that it may be possible to use modified bacteria 

to deliver therapeutics beyond the gut. This research was supported by the New Innovator Award (OD003137) and by other grants 

from the National Institutes of Health (AT007830, DK059637, DK020593, RR024975, DK092993).



Recommendations

• The right probiotic involves
• Beneficially safe strains
• Reliable, appropriate quantities of ‘viable’ microorganisms
• Targeted delivery mechanism

• Best strains for different aspects of gut health/age/lifestyle
• Beneficial bacteria with good gut clinical applications are mostly 

specific strains of 
» Lactobacillus
» Bifidobacter

• Other key strains can include 
» Streptococcus thermophilus
» Sacchromyces boulardii

• Nissle 1917 - natural colonizer for specific lower gut health 

• Nissle 1917 has a unique ecologically beneficial niche in the 
gut beyond any other commensal gut strain or probiotic


