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E. coli Nissle 1917 
in the Treatment of 
Inflammatory Bowel Disease

INTRODUCTION

E scherichia coli strain Nissle 1917 (EcN) has
come a long way since it was first described. In
1917, during World War I, the German physiolo-

gist, microbiologist and physician Alfred Nissle
(1874–1965) isolated a particular E. coli strain that
appeared to provide some protection against the intesti-
nal disorders that were highly prevalent in southeastern
Europe at that time. Subsequent observations by Nissle,
which included self-experiments, convinced him that
there were no harmful side effects associated with this
“antagonistically strong E. coli strain.” Therefore he
began to fill gelatine capsules with bacteria that he had
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The beneficial effects of E. coli strain Nissle 1917 (EcN) on various gastrointestinal dis-
orders were initially discovered during the First World War. Subsequent studies have
identified characteristics that make EcN an ideal candidate for probiotic therapy
including a range of fitness factors and the lack of significant virulence factors. There
is convincing evidence that EcN is safe to use and equally effective as mesalamine in the
maintenance of remission of ulcerative colitis. Furthermore there is limited evidence
that EcN may be effective in the treatment of irritable bowel syndrome, Crohn’s Dis-
ease and pouchitis. In vitro experiments and animal studies have demonstrated direct
effects of EcN on the intestinal mucosal barrier, the intestinal microbiota and the
immune system. This article critically reviews the clinical uses of E. coli Nissle 1917 in
the treatment of IBD and also highlights some of the mechanisms that may be respon-
sible for the observed probiotic effects.
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Table 1.
Fitness Factors, Probiotic Effects and Mechanisms of the Probiotic E. coli Strain Nissle 1917

Effect Reference

Six different iron-uptake systems for energy generation through ATP (5,8–10)
Lack of virulence factors (4–7)
Antagonismus towards other members of the intestinal microbiotia through microcin production (11–14)
Restoration of a damaged epithelial barrier function by induction of expression of human β-defensin 2 (30–32)
Protection against Salmonella, Candida albicans, Yersinia enterocolitica, Shigella flexneri, Listeria 

monocytogenes and pneumophila, adherent-invasive E. coli (36–39)
Reduced secretion of pro-inflammatory cytokines and upregulation of regulatory cytokines via TLR (33–35)
Detection of viable EcN in feces after oral administration (7,15,16)
Limited amelioration of experimental acute DSS-induced colitis but significant improvement of chronic colitis (20–22)

Table 2.
Escherichia coli Strain Nissle 1917 in the Treatment of Inflammatory Bowel Disease

Diagnosis Study Design Number of Patients per Treatment Group

Crohn’s Disease
Active and Inactive Crohn’s Double-blind, randomized, Group 1 (n = 16): Prednisolone + EcN (5 × 1010 viable bacteria)
Disease Predominantly in placebo-controlled Group 2 (n = 12): Prednisolone + placebo
the Colon (CDAI >150)

Ulcerative Colitis
Inactive Ulcerative Colitis Double-blind, randomized, Group 1 (n = 50): EcN (2.5 × 1010 viable bacteria)
(CAI ≤4) placebo-controlled Group 2 (n = 53): Mesalazine (1.5g/d)

Active and Inactive 
Ulcerative Colitis Double-blind, randomized, All patients received 80 mg gentamycin tds initially for one week and 

placebo-controlled hydrocortisone enemas or oral prednisone 30–60 mg
Group 1 (n = 59): Mesalazine (2.4g/d—reduced to 1.2g/d after 12 weeks)
Group 2 (n = 57): EcN (5 × 1010 viable bacteria—reduced to 
2.5 × 1010 viable bacteria)

Inactive Ulcerative Colitis Double-blind, randomized, Group 1 (n = 162): EcN (initially 2.5 × 1010 viable bacteria, from 
(CAI ≤4) placebo-controlled day five 5 × 1010 viable bacteria)

Group 2 (n = 165): Mesalazine (1.5g/d)

Inactive Ulcerative Colitis Open-label Group 1 (n = 24): EcN (5 × 1010 viable bacteria)
(CAI ≤4) Group 2 (n = 10): Mesalazine (1.5g/d)
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grown on agar plates, and the Mutaflor trademark was
born (1). Since then, beneficial effects of EcN have
been reported in various gastrointestinal disorders,
ranging from childhood diarrhoea to Inflammatory
Bowel Diseases (IBD). More recently, basic research
has identified some of the characteristics of EcN that
promote its survival amongst the hostile intestinal
microbiota and determine some of the underlying
mechanisms mediating the clinical effects of EcN. This
article critically reviews the clinical uses of E. coli
Nissle 1917 in the treatment of IBD and also discusses
some of the mechanisms that are responsible for the
observed probiotic effects of EcN. 

CHARACTERISTICS OF THE PROBIOTIC 
E. COLI STRAIN NISSLE 1917 (TABLE 1)
EcN, a gram negative bacterium of the Enterobacteri-
aceae family, belongs to the common O6 serogroup
(serotype O6:K5:H1) (2) which is very heterogeneous
and includes non-pathogenic commensals as well as
pathogenic variants (mainly diarrhoeagenic and
uropathogenic) (3). However, in contrast to many
other members of this group, EcN lacks prominent vir-
ulence factors (e.g. E. coli α-haemolysin, P-fimbrial
adhesins) (4–7). Furthermore, the sequencing of the
EcN has indicated that this strain, unlike other non-
pathogenic strains, exhibits a specific pattern of fitness
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Duration Aim of Study Outcome Adverse Events Reference

1 year • Steroid sparing effect Improved maintenance of remission No data given (1)
• Maintenance of Remission and steroid sparing effect 

(non-significant finding)

12 weeks Equivalence of EcN and No significant difference between EcN: 8.6% (2)
mesalazine EcN and mesalazine Mesalazine: 13.3%

1 year Time to relapse, rate of relapse, EcN is as effective as mesalazine in EcN: 11 patients (3)
steroid sparing effect maintaining remission Mesalazine: 8 patients

1 year Equivalence of EcN and EcN is as effective as mesalazine in EcN: 7 serious adverse events, (4)
mesalazine maintaining remission (significant 42% adverse events

equivalence) Mesalazine: 6 serious adverse 
events, 35.2% adverse events

1 year Equivalence of EcN and EcN is as effective as mesalazine in No serious adverse events (5)
mesalazine maintaining remission recorded
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factors that promote its survival in the competitive
environment of the intestine. For example, EcN
exhibits at least six different iron-uptake systems for
the generation of energy through ATP (5,8–10) and
through the production of microcins it antagonises the
development of other members of the intestinal micro-
biota (11–14). Passage of live EcN can reliably be
demonstrated in animals and humans following oral
administration (7,15,16). 

E. COLI NISSLE 1917 IN THE TREATMENT OF
INFLAMMATORY BOWEL DISEASE (TABLE 2)
Inflammatory Bowel Diseases, such as Crohn’s Dis-
ease (CD) and Ulcerative colitis (UC), are chronic
recurrent diseases characterised by inflammation,
ulceration and in the case of CD structuring and fis-
tulising of the gastrointestinal tract. IBD affects
mainly young patients with a 2nd peak later in life and
therefore it has a significant impact on the quality of
life (17). The incidence and prevalence of IBD is rela-
tively stable in western societies but continue to rise in
low-incidence areas such as southern Europe, Asia,
and much of the developing world (18). The exact
causes of IBD have yet to be fully elucidated, but it is
generally agreed that it involves an inappropriate
immune response to the normal intestinal bacteria in
genetically susceptible individuals (19). This lack in
the understanding of the underlying pathogenesis of
IBD significantly limits our ability to treat IBD and the
drugs that are normally used, including broad-spec-
trum antibiotics (metronidazole, ciprofloxacin),
aminosalicylates (5-aminosalicylic acid; 5-ASA), glu-
cocorticosteroids, immunosuppressants (azathio-
prine/6-mercaptopurine, cyclosporine) and biologicals
(e.g. TNF-α antibodies) work in a symptomatic fash-
ion only, merely suppressing the overly aggressive
immune response. Most of these medications either
have no long-term value (antibiotics, glucocorticos-
teroids), are vastly expensive (biologicals), come with
significant and sometimes intolerable side effects (e.g.
malignancies) or so far have uncertain long-term effi-
cacy (immunosuppressants, biologicals). Clearly there
is a need for alternative therapies and there is evidence
that probiotics such as EcN could, under well-defined
conditions, provide an alternative mode of treatment.

The potential clinical relevance of EcN in the treat-
ment of IBD was first demonstrated in several animal
models where treatment with EcN resulted in a signifi-
cant reduction in the secretion of pro-inflammatory
cytokines and other markers of intestinal inflammation
as well as improved histological findings (20–22). In
general the results from these animal studies suggested
that EcN was more effective in maintenance of remis-
sion rather than the treatment of an acute flare-up (21).
Subsequent clinical trials supported the suggestion that
EcN is more effective in the maintenance of remission
than treatment of the active disease.

For example, an early pilot study suggested that
EcN was able to maintain remission in Crohn’s disease
(23). In this study 28 patients with active colonic
Crohn’s disease (CDAI >150) were enrolled and
remission was induced with a tapering regime of glu-
cocorticosteroids. In a double-blind fashion patients
received overlapping with steroids either EcN or
placebo for one year. Steroid treatment induced remis-
sion in 85.7% and 91.7% of the EcN and placebo
group, respectively. However, within the EcN group,
only 33.3% of patients had a relapse during the one-
year study period, whereas 63.6% in the placebo group
experienced a relapse. Of the patients who stopped
taking steroids before the relapse, only 30% of the
EcN group, but 70% of the placebo group experienced
a relapse. Unfortunately, due to the small number of
patients in this trial none of the apparent differences
were statistically significant.

Other trials have focussed on the treatment of UC
and suggest that EcN is as effective as conventional
treatment in the maintenance of remission. One trial
involving 103 patients with inactive UC (colitis activ-
ity score; CAI ≤4), compared the efficacy of
mesalazine and EcN in preventing relapse of the dis-
ease (24). In this trial all patients received either
mesalazine or EcN for twelve weeks before an inten-
tion-to-treat analysis (ITT) was performed on the two
treatment groups. Significantly, the relapse rate in the
EcN group (16%) was comparable to that in the
mesalazine group (11.3%) and the CAI start and end
scores were not significantly different in both groups.
The extension of the two treatments for 12 weeks in a
small subset of the study population (EcN: n = 7;

(continued on page 17)



mesalazine: n = 8) had no impact on the overall find-
ings of the study and the results of a per-protocol
analysis (PP) were similar to the findings of the ITT
analysis. 8.6% in the EcN group and 13.3% in the
mesalazine group reported adverse events and three
patients had to be withdrawn from the study. These
promising initial findings were supported by a subse-
quent trial (n = 116) in active ulcerative colitis (CAI
>4) (25). According to a complex study design all
patients received a 1-week course of oral gentamycin
to suppress their native E. coli flora and, based on the
severity and extent of their disease, either hydrocorti-
sone acetate enemas twice daily, or prednisolone 30
mg or 60 mg daily. Patients were then randomized to
receive either mesalazine (2.4g) or EcN (5 × 1010

viable bacteria). Patients not in remission after a max-
imum of 12 weeks treatment were withdrawn from the
trial while patients in remission received reduced
doses of mesalazine (1.2 g) and EcN (2.5 × 1010 viable
bacteria). Also hydrocortisone enemas were reduced
and eventually stopped after 2 weeks in remission, and
oral prednisolone was slowly withdrawn over a 4
months period. While the proportion of patients
achieving remission, (68% of EcN patients and 75% in
the mesalazine patients) and the time to remission was
comparable in the two groups, the time in remission
was significantly longer in the EcN group. In the
mesalazine group 8 patients versus 11 patients in the
EcN group experienced non-serious adverse events. 

A larger study has subsequently been carried out to
confirm that probiotic therapy with EcN is as effective
as standard mesalazine in preventing relapse of UC
(26). In this instance a total of 327 patients with inac-
tive ulcerative colitis (CAI d” 4 and endoscopic index
(EI) d” 4) received either EcN (n = 162) or mesalazine
(n = 165) for 12 months. 110 patients in the EcN group
and 112 patients in the mesalazine were included in the
PP analysis. Relapse occurred in 36.4% in the EcN
group compared to 33.9% in the mesalazine group,
resulting in a significant equivalence between the
groups. Adverse events ranging from bloody diarrhea
to viral infections, nausea, and headache occurred in
42% of the EcN group and 35.2% of the mesalazine
group and in 1.9% (EcN) and 3.6% (mesalazine) expe-
rienced adverse events that led to premature discontin-
uation of the study in these patients.

Recently, the effect of EcN in the maintenance of
remission of UC in children and adolescents was
reported. 34 patients between 11 and 18 years of age
with quiescent disease on mesalamine were enrolled in
this open-label trial. Patients were either continued on
mesalamine or ‘crossed over’ to EcN for one year. At
the end of the study period 25% of patients in the EcN
group had relapsed compared to 30% in the
mesalamine arm. No serious adverse events were
reported (27). 

Based on the clinical efficacy and documented low
side-effect profile, the current German guidelines for
diagnosis and treatment of ulcerative colitis recom-
mend EcN as an alternative to standard mesalazine
treatment to maintain remission (28).

MECHANISM OF ACTION OF 
E. COLI STRAIN NISSLE 1917 
How EcN maintains remission in IBD is poorly under-
stood. However, there is a growing body of experi-
mental evidence that EcN has a number of beneficial
effects on the mucosal barrier. In the intestine the
mucosal barrier normally limits the movement of bac-
teria from the intestinal lumen into the body.  This bar-
rier is the result of a complex interaction of luminal
factors (e.g. microflora), physical properties (e.g.
mucus, epithelial cell layer, tight junctions (TJ), etc.)
and the intestinal immune system. In many gastroin-
testinal disorders an increase in intestinal permeability
is apparent which results in increased flux of bacteria
and bacterial components into the body. In IBD this
results in an increased exposure of the intestinal
immune system to luminal bacteria, which in geneti-
cally susceptible individuals results in an overly-
aggressive immune response (29). EcN strengthens the
mucosal barrier through a number of mechanisms that
limit the adherence and invasion of bacteria. These
include the induction of epithelial human β-defensin 2
(hBD-2; human antimicrobial peptides), an increase in
expression of zonula occludens-2 (ZO-2), a prominent
member of the TJ, and inhibition of particular PKC
isotypes that regulate the disassembly process through
their action on ZO-2 (30–32). Furthermore, EcN has
potent immunomodulatory and regulatory properties,
resulting in reduced secretion of pro-inflammatory
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cytokines (IL-2, IFN-γ, and TNF-α and upregulation
of regulatory and anti-inflammatory cytokines such as
IL-10, IL-8 and IL-1β (33–35). In addition the
microcins produced by EcN may inhibit the growth of
pathogenic bacteria in the intestine that contribute to
the onset of IBD. Indeed there is both clinical and in
vitro evidence that EcN protects against the
invasion/infection with Salmonella, Candida albicans,
Yersinia enterocolitica, Shigella flexneri, Listeria
pneumophila and L. monocytogenes (36–39). 

SAFETY OF E. COLI NISSLE 1917
Recent reports have highlighted possible risks associ-
ated with probiotic therapy (40). However, the avail-
able evidence suggests that the use of EcN is associated
with limited side effects. In post-marketing-surveil-
lance studies, data from close to 4,500 patients have
been gathered prospectively and analysed for indica-
tion, efficacy and side effects (41,42). In 668 children
aged 11 years or less only 20 cases of suspected side
effects were recorded (2.9%) (42). These included flat-
ulence, bloating, diarrhoea, abdominal pain, nausea and
vomiting. Furthermore, data from 3807 patients
(infants n = 163, children n = 505, teenagers n = 132,
adults n = 3007) gathered in 446 centres in Germany
and Austria (41) indicated that only 2.8% of patients 
(n = 109) experienced side effects as a result of treat-
ment with EcN. Almost all of these were confined to
the gastrointestinal tract (bloating, flatulence, abdomi-
nal pain, nausea and vomiting), although two patients
developed erythema and pruritus.

SUMMARY
Mainly due to the lack of a clear understanding of the
pathogenesis of IBD and therefore the use of sympto-
matic but side effect prone therapy, probiotic treatment
has seen a renewed interest. Unfortunately, large clini-
cal trials testing the effect of probiotics to treat IBD
have largely been disappointing (43). This is in con-
trast to a limited number of recent clinical and experi-
mental studies suggesting that EcN is effective as
conventional treatment in the maintenance of remis-
sion of UC and possibly CD. The efficacy of EcN
probably relates to its lack of virulence factors and

unique pattern of fitness factors plus its ability to
antagonise other members of the intestinal microbiota,
modulation of the intestinal immune system and rein-
forcement of the mucosal barrier. Furthermore, large
post-marketing analyses demonstrated that EcN is a
safe and effective medication. Ongoing basic research
will further unravel the underlying mechanism respon-
sible for the beneficial effects of EcN and initial pilot
trials already indicate further clinical entities such as
Irritable Bowel Syndrome (44), allergic conditions
(45) and pouchitis (46) that could benefit from E. coli
strain Nissle 1917. n
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