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Non-pathogenic Escherichia coli (Ec) strains K12 (EcK12) and Nissle 1917 (EcN) are used for gene technology and probiotic treat-
ment of intestinal inflammation, respectively. We investigated intestinal colonization and potential pro-inflammatory properties of 
EcK12, EcN, and commensal E. coli (EcCo) strains in Toxoplasma (T.) gondii-induced acute ileitis. Whereas gnotobiotic animals 
generated by quintuple antibiotic treatment were protected from ileitis, mice replenished with conventional microbiota suffered 
from small intestinal necrosis 7 days post-T. gondii infection (p.i.). Irrespective of the Ec strain, recolonized mice revealed mild to 
moderate histopathological changes in their ileal mucosa. Upon stable recolonization with EcK12, EcN, or EcCo, development of 
inflammation was accompanied by pro-inflammatory responses at day 7 p.i., including increased ileal T lymphocyte and apoptotic 
cell numbers compared to T. gondii-infected gnotobiotic controls. Strikingly, either Ec strain was capable to translocate to extra-
intestinal locations, such as MLN, spleen, and liver. Taken together, Ec strains used in gene technology and probiotic treatment are 
able to exert inflammatory responses in a murine model of small intestinal inflammation. In conclusion, the therapeutic use of Ec 
strains in patients with broad-spectrum antibiotic treatment and/or intestinal inflammation should be considered with caution.
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Toxoplasma gondii, ileitis, acute intestinal infl ammation, Th1-type immunopathology, T lymphocytes, bacterial translocation, mes-
enteric lymph nodes, liver, spleen, apoptosis, pro-infl ammatory potential

Introduction

Over the past decades, Escherichia (E.) coli K12 (EcK12), 
originally detected in 1922, was extensively used in mo-
lecular biological laboratories for genetic cloning, such as 
recombination by conjugation and transformation [1, 2, 3]. 
EcK12 is considered an apathogenic “security” strain given 
that inherent genetic defi cits prevent EcK12 from adhesion 
to intestinal epithelial cells and thus from colonization of 
the vertebrate intestinal tract [4–6]. In contrast to EcK12, 
E. coli Nissle 1917 (EcN) strain is capable to colonize the 
intestinal tract of vertebrates [7–9]. In 1917, Dr. Alfred 
Nissle isolated EcN from a fecal sample of a soldier dur-
ing the fi rst world war staying unaffected during a severe 
outbreak of shigellosis [10]. The well-characterized strain 
belongs to the heterogeneous serogroup O6 including 
pathogenic variants [11], is considered safe, and is recom-
mended as a probiotic treatment option in acute enteritis 
in children [12] and infl ammatory bowel diseases (IBD), 
such as ulcerative colitis [13] and Crohn’s disease [14]. We 
have recently shown that following oral high dose infection 

with Toxoplasma (T.) gondii, susceptible C57BL/6 mice 
harboring a conventional gut microbiota develop acute 
terminal ileitis within 7 days post-infection (p.i.) [15–17]. 
This immunopathology is mediated by a strong Th1-type 
immune response with a subsequent storm of pro-infl am-
matory cytokines such as IL-12, IL-18, IFN-γ, TNF-α, 
and nitric oxide (NO), but also involves IL-23 and IL-22 
[15, 18–23]. Furthermore, acute ileitis is accompanied by 
characteristic shifts in ileal microbiota composition with a 
loss in species diversity and a luminal overgrowth of the 
infl amed ileum with Gram-negative commensals such as 
E. coli [17, 22, 24, 25]. Taken together, the Th1-type im-
munopathology together with the characteristic intestinal 
microbiota changes in the T. gondii-mediated ileitis model 
resemble immunological key features of acute episodes in 
human Crohn’s disease (ileitis terminalis).

Given that overgrowing intestinal commensal E. coli 
were shown to induce and further perpetuate this infl am-
matory scenario via TLR-4-dependent lipopolysaccharide 
(LPS) signaling [24, 25], we were hypothesizing that LPS 
from E. coli strains considered safe and probiotic might 
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also exert pro-infl ammatory actions in murine T. gondii-
induced ileitis. We here for the fi rst time investigated the 
pro-infl ammatory potential of EcK12 and EcN strains in 
an acute ileitis model following selective reassociation of 
gnotobiotic mice with the respective E. coli strain before 
ileitis induction by oral T. gondii infection.

Materials and methods

Ethics statement

All animal experiments were conducted according to the 
European Guidelines for animal welfare (2010/63/EU) 
with approval of the commission for animal experiments 
headed by the “Landesamt für Gesundheit und Soziales” 
(LaGeSo, Berlin; Reg. no.: G0170/04). Animal welfare 
was monitored twice daily by assessment of clinical con-
ditions and weight loss of mice.

Generation of gnotobiotic mice

Female C57BL/6j (wildtype) mice were bred and housed 
under specifi c pathogen-free (SPF) conditions in the For-
schungsinstitut für Experimentelle Medizin (Charité, 
Berlin, Germany). To eradicate the commensal gut mi-
crobiota, conventionally colonized mice were transferred 
to sterile cages and treated by adding ampicillin (1 g/L; 
Ratiopharm), vancomycin (500 mg/L; Cell Pharm), cip-
rofl oxacin (200 mg/L; Bayer Vital), imipenem (250 mg/L; 
MSD), and metronidazole (1 g/L; Fresenius) to the drink-
ing water ad libitum for 8–10 weeks as described earlier 
[17] starting at 8 weeks of age.

E. coli strains

E. coli K12 (EcK12) MG1655 and E. coli Nissle 1917 
(EcN) strains were kindly provided by Dr. Sya Ukena 
(Helmholtz Center for Infection Research, Braunschweig, 
Germany). Furthermore, a commensal E. coli control 
strain (EcCo) was isolated from naïve, healthy 3-month-
old C57BL/6 mice by culture on MacConkey media as de-
scribed previously (characterized and named “EcM” strain 
[17, 24, 26]). PCR-based detection revealed that this strain 
does not contain known virulence factors of pathogenic 
E. coli, such as stx 1 and 2, catA, hlyA, cspA, katP, and 
astA [17, 24, 26].

Recolonization of gnotobiotic mice

Recolonization experiments of gnotobiotic mice were 
performed as described earlier [17]. In brief, 2 days prior 
to recolonization experiments, the antibiotic cocktail was 
withheld and substituted by sterilized tap water. E. coli 
strains were grown in supplemented brain heart infu-

sion broth to a turbidity equivalent of 6 McFarland units 
(a bacterial load of approximately 109–1010 per milliliter), 
harvested by centrifugation, washed once, resuspended in 
5 mL PBS, and administered by gavage in a fi nal volume 
of 0.3 mL for 3 consecutive days. Bacterial loads of oral 
suspensions were determined by cultivation of serial di-
lutions on solid media (Columbia and MacConkey Agar; 
Oxoid). To assure stable establishment of the respective 
E. coli strain within the entire gastrointestinal (GI) tract, 
recolonized animals were kept for 4 days before acute il-
eitis induction.

Parasites and ileitis induction

Four days following the fi nal of three consecutive oral 
E. coli recolonizations, mice were infected perorally with 
100 T. gondii cysts (ME49 strain) from homogenized 
brains of intraperitoneally infected NMRI mice in a vol-
ume of 0.3 mL phosphate-buffered saline (PBS, pH 7.4) by 
gavage in order to induce acute ileitis, as described previ-
ously [17].

Sampling procedures

In ileitis experiments, mice were sacrifi ced by isofl urane 
(Abbott) 7 days following T. gondii infection. Mesenteric 
lymph nodes, spleen and liver, as well as luminal samples 
taken from the terminal ileum of each mouse, were re-
moved under sterile conditions for culture. In parallel, ileal 
tissue samples were collected in parallel for histopatho-
logical and immunohistochemical analyses.

Histological scores and determination of parasite load

Histological scores of ileitis and parasite loads were de-
termined in tissue samples from terminal ileum immedi-
ately fi xed in 5% formalin and embedded in paraffi n as 
described earlier [17, 24]. Sections (5 μm) were stained 
with hematoxylin and eosin (HE) and examined by light 
microscopy. Our standardized “acute ileitis” score rang-
ing from 0 to 6 was used for blinded duplicate evalua-
tion (by M.M.H. and A.A.K.): 0, normal; 1, minimal fo-
cal infl ammation, edematous blubbing, intact epithelium; 
2, mild infl ammation of mucosa and submucosa, cell-free 
exudate into the lumen, but intact epithelium; 3, moder-
ate infl ammation of mucosa and submucosa, erosions 
and/or ulcerations, cryptitis or crypt abscesses, cellular 
shedding into the lumen; 4, severe infl ammation of mu-
cosa and submucosa, ulcerations, fi brosis, distortion of 
villous architecture, beginning epithelial disintegration; 
5, severe infl ammation, mucosal destruction < 50% of 
small intestine length; 6, severe infl ammation, complete 
destruction > 50% of small intestine length, severe necro-
ses [17]. Numbers of parasitophorous vacuoles contain-
ing tachyzoites or tachyzoite antigens were determined by 
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immunohistology using a rabbit anti-T. gondii-IgG anti-
serum and counted in the terminal ileum, as previously 
described [21]. In addition, T. gondii DNA in ileal biopsies 
was quantifi ed as described earlier [22].

Immunohistochemistry

In situ immunohistochemical analysis of ileal paraffi n 
sections was performed as described previously [27–30]. 
Primary antibodies against CD3 (#N1580, Dako, Den-
mark, dilution 1:10) and cleaved caspase-3 (Asp175; Cell 
Signaling, USA, 1:200) were used. For each animal, the 
average number of positive stained cells within at least six 
independent high power fi elds (HPF, 400× magnifi cation) 
were determined microscopically by two independent in-
vestigators (M.M.H. and A.A.K.) and subjected to statisti-
cal analysis as indicated.

Cultural analysis of the intestinal microbiota
and bacterial translocation

Cultural analyses of feces and luminal ileal contents were 
performed in serial dilutions on solid media such as Co-
lumbia and MacConkey (Oxoid) under aerobic conditions 
(2 days incubation at 37 °C), and the bacterial species 
identifi ed morphologically and biochemically as described 
earlier [17]. For assessment of bacterial translocation, 
homogenates of MLN, spleen, and liver (in sterile PBS) 
were plated onto respective solid media and cultured as 
described above.

Statistical analysis

Mean values, medians, standard deviations (SD), and lev-
els of signifi cance were determined using appropriate tests 
as indicated (Mann–Whitney U-test or Student’s t-test). 
Two-sided probability (p) values ≤0.05 were considered 
signifi cant. All experiments were repeated at least twice.

Results

E. coli Nissle 1917 and E. coli K12 stably colonize
conventional mice following antibiotic treatment

We were fi rst investigating whether the E. coli strains Nissle 
1917 and K12 (MG1655), the latter supposed to be incapa-
ble of colonizing the vertebrate GI tract [4–6], were able to 
establish within the murine intestines. We therefore gener-
ated gnotobiotic mice lacking any GI bacteria following an 
8- to 10-week course of quintuple antibiotic therapy thereby 
abrogating physiological colonization resistance and thus 
facilitating colonization of the respective strains. Gnoto-
biotic mice were perorally challenged on 3 consecutive 
days with approximately 109 CFU EcK12, EcN, or EcCo, 
a commensal E. coli control strain previously isolated from 
our healthy conventionally colonized C57BL/6 wildtype 
mice (Fig. 1a). Four days thereafter (and right before ileitis 
induction), E. coli strains had stably colonized the intestinal 
tract as indicated by comparably high fecal loads of approx-
imately 109 CFU per gram feces, irrespective of the E. coli 
strain used (Fig. 1b), indicating that even the EcK12 strain 
was able to establish within gnotobiotic animals.

Fig. 1. Intestinal E. coli loads following oral recolonization of gnotobiotic mice. (A) Gnotobiotic mice generated by 
quintuple antibiotic treatment were perorally recolonized with E. coli Nissle 1917 (EcN), E. coli K12 (EcK12) or a 
commensal E. coli (EcCo) strain on 3 consecutive days as described in methods. Indicated are individual bacterial 
concentrations (CFU, colony forming units per mL; black squares) in suspensions used for gavage and medians 
(black bars). Data shown are representative for three independent experiments. (B) Four days following the latest of 
three consecutive oral recolonization of gnotobiotic mice (and thus right before ileitis induction), E. coli loads were 
determined in fecal samples by culture (CFU, colony forming units; black squares). Numbers of recolonized mice are 
given in parentheses and medians (black bars) indicated. Data shown were pooled from three independent experi-
ments.
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E. coli Nissle 1917 and E. coli K12 stably establish in 
mono-associated gnotobiotic mice following induction
of acute ileitis

We then investigated whether (i) E. coli Nissle 1917 and 
E. coli K12 stably establish during acute intestinal infl am-

mation, (ii) translocate to extra-intestinal tissues, or (iii) are 
involved in intestinal immunopathology despite their secure 
and probiotic properties. Seven days following ileitis in-
duction using T. gondii, the terminal ileal lumen of E. coli 
mono-associated gnotobiotic mice harbored approximately 
1010 CFU EcN, EcK12, or EcCo (Fig. 2). Interestingly, these 
bacterial loads were similar to commensal E. coli loads in 
control mice replenished with a conventional (SPF) micro-
biota, whereas gnotobiotic mice were still lacking any bac-
teria at day 7 p.i. (Fig. 2). Thus, under conditions of acute 
small intestinal infl ammation, the respective E. coli strains 
are able to stably colonize the small intestines at high loads.

E. coli Nissle 1917 and E. coli K12 translocate to extra-
intestinal tissue sites following acute ileitis induction

We next assessed whether the respective E. coli strains 
were capable of translocating to extra-intestinal tissue sites 
during induced acute ileitis. At day 7 following T. gondii 
infection, live EcN could be detected in 33.3% of mesen-
teric lymph nodes (MLN) of recolonized mice, whereas 
E. coli translocation rates in mice harboring EcK12, EcCo, 
or a replenished complex microbiota were up to 2.5 times 
higher (77.8%, 84.6% and 77.8%, respectively; Fig. 3a). 
In 44.4% of spleens derived from control mice harboring a 
complex microbiota, commensal E. coli could be cultured, 
whereas translocation rates were approximately 50% low-
er in EcK12 and EcCo and another 50% lower in EcN re-
colonized mice at day 7 p.i. (Fig. 3b). Interestingly, trans-
location into livers occurred at comparable frequencies in 
EcN and EcK12 (11.1% each) recolonized mice and four 
times more frequently in EcCo and SPF controls (46.2% 
and 44.4%, respectively; Fig. 3c). Taken together, EcK12 
– supposed to be a non-colonizer – was not only capable 
of stably establishing within the intestinal tract of gnoto-
biotic mice but also translocated to extra-intestinal loca-
tions upon ileitis induction. Furthermore, extra-intestinal 

Fig. 2. Ileal E. coli loads in recolonized gnotobiotic mice follow-
ing ileitis induction. Gnotobiotic mice generated by quintuple an-
tibiotic treatment were perorally recolonized with E. coli Nissle 
1917 (EcN), E. coli K12 (EcK12), or a commensal E. coli (EcCo) 
strain as described in methods. Four days thereafter, E. coli recol-
onized mice (grey circles) were perorally infected with 100 cysts 
of Toxoplasma gondii in order to induce acute  ileitis. With con-
ventional microbiota recolonized (SPF; black circles) and gnoto-
biotic (GB; white circles) animals served as positive and negative 
controls, respectively. Indicated are E. coli loads within the ileal 
lumen at day 7 following ileitis induction determined by culture 
(CFU, colony forming units). Numbers of animals harboring E. 
coli out of the total number of analyzed animals are given in pa-
rentheses. Medians (black bars) and significance levels (p values) 
determined by the Mann–Whitney U test are indicated. Data 
shown were pooled from three independent experiments.

Fig. 3. Translocation of E. coli in recolonized gnotobiotic mice following ileitis induction. Gnotobiotic mice generated by quintuple 
antibiotic treatment were perorally recolonized with E. coli Nissle 1917 (EcN), E. coli K12 (EcK12) or a commensal E. coli (EcCo) 
strain as described in methods. Four days thereafter, E. coli recolonized mice (grey bars) were perorally infected with 100 cysts of 
Toxoplasma gondii in order to induce acute ileitis. With conventional microbiota recolonized (SPF; black bars) and gnotobiotic (GB; 
white bars) animals served as positive and negative controls, respectively. Indicated are E. coli translocation rates into (a) mesenteric 
lymphnodes (MLN), (b) spleen, and (c) liver at day 7 following ileitis induction determined by culture of organ homogenates. Relative 
percentages of translocation frequencies are indicated, and absolute numbers of animals harboring the respective E. coli strain out of 
the total number of analyzed animals are given in parentheses. Data shown were pooled from three independent experiments.
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translocation frequencies into MLN, spleen, and liver were 
lowest in EcN-colonized mice and highest in control ani-
mals replenished with a complex  microbiota at day 7 p.i.

E. coli K12 and E. coli Nissle 1917 induce intestinal
inflammatory responses in mono-associated gnotobiotic 
mice following T. gondii infection

Given that commensal E. coli exacerbate T. gondii- induced 
acute ileitis in mice [17, 24], we investigated the pro- 
infl ammatory potential of E. coli “security” strains used in 
this study. As expected, control mice harboring a complex 
microbiota suffered from acute ileitis with severe trans-
mural necroses (as indicated by maximal histopathological 
scores of 5.7 ± 0.5; p < 0.001 vs. all other groups; Fig. 4) 
and succumbed to death, whereas gnotobiotic mice lacking 
any bacteria were clinically uncompromised and displayed 
an intact epithelial layer with corresponding histopatho-
logical scores of less than 1 (0.3 ± 0.3; Fig. 4). Interest-
ingly as compared to gnotobiotic controls, mice recolo-
nized with EcN, EcK12, or EcCo displayed signifi cantly 
higher histopathological score (1.4 ± 1.2; 1.0 ± 0.3; 2.4 
± 1.5, respectively; p < 0.001; Fig. 4). Within the EcK12 

group, mild to moderate infl ammatory foci in the ileal mu-
cosa and submucosa with intact epithelium were detected 
(range of histopathological scores between 0.5 and 1.5; 
relatively low SD) with signifi cantly lower histopathologi-
cal score as compared to EcCo mono-associated mice (p < 
0.05; Fig. 4). A substantial variability of histopathologi-
cal aspects, however, could be observed in EcN and EcCo 
mono-associated mice at day 7 following ileitis induc-
tion. Whereas single mice displayed an almost unaffected 
mucosa, others exhibited mild to moderate infl ammatory 
changes with an intact epithelial layer, villous edema, and 
cell-free exudate into the lumen. In some mice, however, 
more severe histopathological changes such as erosions or 
ulceration, cryptitis or crypt abscesses, fi brosis, cellular 
shedding into the lumen or even epithelial disintegration 
and distortion of the villous architecture could be observed 
(Fig. 4). Furthermore, in ileal biopsies taken at day 7 p.i., 
T. gondii DNA and numbers of parasitophorous vacuoles 
containing tachyzoites or tachyzoite antigens were compa-
rable in either group (data not shown). Thus, EcN, EcK12, 
and EcCo considered as “security,” probiotic, or apatho-
genic commensal strains, respectively, contribute to mild 
to moderate small intestinal infl ammation upon T. gondii 
infection.

Pro-inflammatory immune responses in E. coli Nissle 
1917 and K12 mono-associated gnotobiotic mice
following ileitis induction

Given that the underlying immunopathogenesis of T. gon-
dii-induced acute ileitis is due to an exaggerated T cell 
response, we next quantitatively assessed T lymphocyte 
numbers within the ileal mucosa and lamina propria ap-
plying in situ immunohistochemistry. Irrespective of the 
E. coli strain, mono-colonized mice displayed signifi cant-
ly higher numbers of ileal CD3+ T lymphocytes at day 7 
following T. gondii infection (p < 0.005) as compared to 
gnotobiotic control animals lacking any bacteria (Fig. 5a). 
These increased T cell numbers were by far exceeded in 
control animals replenished with complex microbiota (p < 
0.001), indicative for an even more pronounced T cell in-
fi ltration of the ileal mucosa and lamina propria during 
acute ileitis (Fig. 5a). Given that apoptosis is a commonly 
used diagnostic marker in the histopathological evalua-
tion and grading of intestinal disease [31], we quantita-
tively assessed apoptotic cells within the ileal mucosa. The 
more pronounced T cell infl ux was accompanied by higher 
numbers of caspase-3+ cells in the ileal mucosa (Fig. 5b; 
p < 0.05–0.001), indicative for more distinct apoptosis in 
the ileal mucosa and thus further underlining results de-
rived from histopathological grading of mucosal changes 
(Fig. 4).

Taken together, the presented data clearly show that 
EcN and EcK12 security as well as commensal intestinal 
E. coli strains bear a pro-infl ammatory potential in acute 
ileitis model following mono-association of gnotobiotic 
mice.

Fig. 4. Ileal histopathology in recolonized gnotobiotic mice fol-
lowing ileitis induction. Gnotobiotic mice generated by quintu-
ple antibiotic treatment were perorally recolonized with E. coli 
Nissle 1917 (EcN), E. coli K12 (EcK12) or a commensal E. coli 
(EcCo) strain as described in methods. Four days thereafter, 
E. coli recolonized mice (gray circles) were perorally infected 
with 100 cysts of Toxoplasma gondii in order to induce acute il-
eitis. With conventional microbiota recolonized (SPF; black cir-
cles) and gnotobiotic (GB; white circles) animals served as posi-
tive and negative controls, respectively. Histopathological 
scores of the terminal ileum were assessed at day 7 following il-
eitis induction. Numbers of analyzed animals are given in pa-
rentheses. Mean values and significance levels as determined 
by the Student’s t-test are indicated. Data were pooled from 
three independent experiments.
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Discussion

One week following high-dose oral T. gondii infection, 
susceptible mice harboring a conventional intestinal mi-
crobiota develop acute ileitis accompanied by a tremen-
dous overgrowth of the ileal microbiota with commensal 
E. coli [17, 22, 25]. In the present study, we observed that 
gnotobiotic mice mono-associated with safety and pro-
biotic E. coli strains displayed ileal immunopathology, 
whereas gnotobiotic mice generated by broad-spectrum 
antibiotic treatment were protected from disease upon 
ileitis induction as shown previously [17]. Furthermore, 
we demonstrate that even E. coli strains considered as 
security or benefi cial/therapeutic probiotic strains (i.e., 
EcK12 and EcN, respectively) bear harmful potential in 
themselves by exerting pro-infl ammatory actions in mo-
no-associated gnotobiotic mice upon ileitis induction us-
ing T. gondii.

Our results are of surprise for several reasons. First, 
E. coli K12 (MG1655) strain is considered incapable of 
colonizing vertebrates due to specifi c genetic defects pre-
venting from adhesion to intestinal epithelial cells [4–6] 
and therefore considered an apathogenic security strain 
commonly used in laboratories for cloning purposes. Fol-
lowing mono-association, however, EcK12 not only sta-
bly established within the intestinal tract of gnotobiotic 
mice generated by broad-spectrum antibiotic treatment but 
could also be cultured from the infl amed small intestines 
at high loads following ileitis induction. This was also true 

for E. coli Nissle 1917, a strain exerting benefi cial effects 
when administered as a probiotic drug in infl ammatory 
bowel disease [13, 14, 32]. Remarkably, whereas gnoto-
biotic mice lacking any bacteria were protected from im-
munopathology, both EcK12 and EcN induced signifi cant 
mucosal and submucosal histopathological changes in the 
presented murine acute ileitis model. This fi nding was fur-
ther supported by higher numbers of apoptotic cells and 
increased infl ux of pro-infl ammatory immune cell such as 
T lymphocytes, the “master driving force” in T. gondii-
induced ileitis [15], infi ltrating the ileal lamina propria of 
EcK12 or EcN mono-associated mice. Interestingly, in the 
EcN group, the intestinal histopathological outcome was 
rather heterogenous ranging from almost uncompromised 
epithelium to mild, moderate, and severe changes seen 
in the ileal mucosa and submucosa after ileitis induction. 
For development of the full-blown infl ammatory scenario, 
however, the complex microbiota was necessary as dem-
onstrated here and earlier [17]. Strikingly, either strain was 
not only able to stably colonize the GI tract and induce 
small intestinal infl ammation but also translocated to ex-
tra-intestinal tissue sites such as MLN, spleens, and liv-
ers. Translocation of live E. coli from the intestinal lumen 
to the lamina propria and adjacent lymphoid tissues (i.e., 
the ileum draining MLN) is facilitated by a disrupted epi-
thelial cell barrier. Bacteria subsequently come in contact 
with immune cells thereby exacerbating the vicious cycle 
within the infl ammatory scenario. When translocating, 
bacteria reach the systemic blood stream, dissemination 

Fig. 5. Ileal pro-inflammatory immune responses in recolonized gnotobiotic mice following ileitis induction. Gnotobiotic mice 
generated by quintuple antibiotic treatment were perorally recolonized with E. coli Nissle 1917 (EcN), E. coli K12 (EcK12) or a 
commensal E. coli (EcCo) strain as described in Materials and methods. Four days thereafter, E. coli recolonized mice (grey circles) 
were perorally infected with 100 cysts of Toxoplasma gondii in order to induce acute ileitis. With conventional microbiota recolo-
nized (SPF; black circles) and gnotobiotic (GB; white circles) animals served as positive and negative controls, respectively. The av-
erage number of cells positive for (a) CD3 (T Lymphocytes), (b) caspase-3 (Casp3, Apoptotic Cells) per animal were determined mi-
croscopically (HPF, 400× magnification) in immunostained ileum sections of mice at day 7 post ileitis induction. Numbers of 
analyzed animals are given in parentheses. Mean values and significance levels as determined by the Student’s t-test are indicated. 
Data are pooled from three independent experiments.
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to extra-intestinal organs, such as spleen and liver, occur 
and fi nally peritonitis, sepsis, and subsequent multiple or-
gan failure might cause fatality [17, 24]. Interestingly, live 
EcK12 translocated more frequently to MLN and spleen 
as compared to EcN despite comparable abundance in the 
intestinal lumen and similar ileal histopathology.

Beyond the non-questionable plethora of benefi cial 
characteristics and effects exerted by EcN, such as modu-
lation of intestinal microbiota, tightening epithelial barrier 
function by interference with tight junction protein expres-
sion, upregulation of anti-infl ammatory cytokines, and 
chemokines, among many others [33–35], another murine 
study revealed adverse, infl ammatory actions exerted by 
EcN in the intestinal tract and extra-intestinal locations 
[36]. Depending on the genetic background, isolator-raised 
germ-free mice became severely sick following EcN, but 
not EcK12 (MG1655) strain infection, and displayed in-
testinal as well as extra-intestinal pyogranulomatous 
changes [36]. The authors concluded that the potentially 
harmful side of EcN might become overt under distinct 
genetic and environmental conditions. In support of this, 
Ukena et al. demonstrated that genes upregulated follow-
ing in vitro host cell–EcN interaction were encoding for 
pro-infl ammatory cytokines or molecules and mediators 
involved in infl ammatory pathways [37]. Interestingly, 
genomic comparisons of EcN and uropathogenic E. coli 
strain CFT073 [38] revealed similarities regarding expres-
sion of pathogenic virulence factors associated with fi tness 
and adaptative properties [39, 40].

We showed previously that TLR-4-dependent signal-
ing of LPS derived from commensal E. coli overgrowing 
the intestinal lumen during ileitis development aggravated 
immunopathology [24, 25]. EcN has been shown to pos-
sess an avirulent semirough chemotype of LPS with a 
shortened 06 side chain responsible for serum resistance 
[39]. Whereas benefi cial in vivo effects exerted by EcN 
have been shown to be TLR-4 mediated [41], it is tempting 
to speculate whether the pro-infl ammatory action of EcN 
in this acute ileitis model was – at least in part – due to 
TLR-4 signaling. We are aware that the gnotobiotic mouse 
model – as any experimental model – does not exactly mir-
ror the (patho-) physiological situation in humans and one 
should be generally very careful to deduce experimental 
data from mice to men. However, potential unwanted im-
munopathological effects exerted by TLR-4-dependent 
signaling of truncated EcN-LPS in humans are even more 
worrisome given that humans are up to 1000 times more 
sensitive to TLR-4 ligands than rodents [42]. Previously, 
a case of severe sepsis in a preterm infant following EcN 
treatment has been reported [43]. Even though EcN is 
known for almost a century and many benefi cial effects 
were elucidated during the past 20 years, many facets of 
EcN–host interaction await further unraveling. In this con-
text, a dichotomy of effects exerted by the same strain (to 
use the metaphor, like “the double-edged sword”) needs to 
be taken into consideration.

In conclusion, results of the present study reveal that 
EcN may have adverse in addition to a plethora of ben-

efi cial effects. Those potentially harmful effects should 
be taken into account before considering use of EcN as 
a treatment option in patients, particularly i n light of 
broad-spectrum antibiotic treatment and/or compromised 
mucosal barrier functions due to acute intestinal infl am-
mation.

Further studies need to be undertaken to establish ap-
propriate risk assessment criteria for use of E. coli strains 
in health and disease.
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