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INTRODUCTION

ABSTRACT

The gut microbiome has a significant role in overall well-being. Various probiotics are currently used
for the improvement of the gut microbiome; the current scoping review aimed to critically examine the
effectiveness of Bifidobacterium longum W11 in healthy and disease states. A thorough search of the
literature was done in three scientific databases (PubMed, ScienceDirect, and Google Scholar) to identify
21 articles that evaluated the effect of B. longum W11 probiotic. Data suggest that B. longum W11 can
withstand the harsh GI environment and colonize the intestinal epithelial cells. Due to the presence of a
specific EPS cluster gene, B. longum W11 is capable of producing unique exopolysaccharides that might
be responsible for the adhesion and functional capabilities. Additionally, the specific mutation in the rpoB
gene confers the B. longum W11 resistance to all rifamycin derivatives (including rifaximin). B. longum
W11 has been clinically evaluated in various GI disease conditions including constipation, irritable
bowel syndrome, minimal hepatic encephalopathy, active celiac disease, and uncomplicated diverticular
disease conditions. All this evidence suggests that B. longum W11 is a promising probiotic with potential
applications in various functional and inflammatory Gl-related complications.

The human gut microbiome is composed of several
microbial niches that play an important role in the overall
maintenance and healthy well-being of the gastrointestinal
tract (GIT).[Y! Dysbiosis, defined as the imbalance
between microbial communities leading to an increase
in pathogenic microbial count, is known to have a central
role in various acute and chronic GIT disease conditions.[?!
Probiotics are living microorganisms with a variety of
health advantages, and prebiotics are defined as the agents
that promote the growth of probiotics and are the most
widely studied and clinically accepted therapeutic options
for the treatment of dysbiosis.[!
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Currently, the probiotics family includes members from
the Bacillus, Saccharomyces, Lactobacillus, Leuconostoc,
Bifidobacterium, Enterococcus, Streptococcus, Pediococcus,
and Escherichia genera.™ The Bifidobacterium family is one
of the first microorganisms to colonize human GIT and is
considered fundamental for newborn well-being.>®! The
use of various Bifidobacterium species is well-documented
in numerous disease conditions (including inflammatory
bowel disease (IBD), irritable bowel syndrome (IBS),
diarrhea, and constipation).[7'8] Among them, the use
of Bifidobacterium longum W11 is one of the emerging
probiotic strains.[!
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The current systematic scoping review was aimed at
evaluating the scientific data regarding the effect of B.
longum W11 on overall health promotion and disease
conditions. A complete literature search was conducted
using the PubMed, ScienceDirect, and Google Scholar
databases, and articles were selected for the review based
on a pre-designed eligibility criterion. The eligibility
criteria were research papers reporting in-vitro, pre-
clinical, and clinical study evidence; available as full-text
articles; available in English or any other language that can
be converted to English language using online language
conversion tools; articles published between the years
2000 to May 2023. Two independent reviewers (DK and
VS) conducted the search process, while two other review
authors (SD and VD) validated the search result. After
duplicate removal, all articles were primarily screened
using the abstract and title of the study. Full-text articles
of deemed eligible studies were screened for eligibility.
The two reviewers (DK and VD) retrieved data separately
from the eligible studies, while three independent
reviewers (VS, SD, and JK) validated the extracted data.
Any discrepancies were solved between the reviewers
using the full-text articles. The complete process of study
identification, selection, and inclusion in the study was
according to the guidelines stated by Peters et al. (2015).°]

B. longum W11: Current Literature Available

A literature search using the online databases revealed
663 articles and after the initial screening process and
duplicate removal, 211 articles were screened for their
eligibility. From 211 articles, 21 articles were considered
in the complete review process. The complete process of
study selection is depicted in Fig. 1.

B. longum W11: Pre-clinical Evidences

B. longum W11 (accession strain number LMG P-21586)
was first isolated from the human. The complete
genome was sequenced and characterised thoroughly
(deposited in DDBJ/EMBL/GenBank with access number:
MRBG00000000).[1%

The Gl survivability of B. longum W11 was validated using
stimulated GI conditions.*Y! B. longum W11 showed 84%
survivability in an acidic environment (pH 2) with around

Records identified through database
search (PubMed, Google Scholar, Additional records identified
Science Direct) through other sources

(n=663) (n=0)
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(n=452)
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articles, book section)
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[ inctusion | [ Esigibitity Screening

Fig. 1: Preferred reporting items for systematic reviews and meta-
analyses (prisma) flowchart of study inclusion
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55% growth capacity, while the growth rate was around
55% in stimulated-bile conditions (3% bile). These data
suggest that B. longum W11 can survive the Gl transit,
can tolerate the low gastric pH, and can resist the harsh
bile environment.'™) The mucin adherence ability of B.
longum W11 was also evaluated using the porcine stomach
mucin layer, which showed that B. longum W11 was capable
to adhere the stomach mucin layer.'!] Another study
evaluated the adhesion capacity of B. longum W11 in the
cell line (HT-29 cell line)."?! Scanning electron microscopy
(SEM) revealed that B. longum W11 can adhere to the
intestinal epithelium within 30 minutes of incubation,
and the rate of adhesion increased with time. The cellular
adhesion was evident even after 120 minutes of incubation.
The SEM analysis revealed the production of a special
biopolymer (exopolysaccharide) layer by the B. longum
W11, which was extracted, purified, and analyzed for its
molecular identification. The exopolysaccharide was found
to be composed of different types of sugars along with
other non-carbohydrate constituents.™'?

Various studies have demonstrated that the production of
exopolysaccharides by microbes increases their mucous
adherence ability and also acts as microbial-associated
molecular patterns (MAMP) and further interacts with
the host’s pattern recognition receptors (PRR) causing the
stimulation of both innate and adaptive immunity.[*3-1¢]
The exopolysaccharides-producing ability of B. longum W11
was due to the strain-specific gene cluster (EPS cluster;
24,689 bp) identified to be present in the W11 genome.!*”!
The B. longum W11 strain is the only one that possesses the
EPS cluster containing the genetic components, which is
distinct due to its structural arrangement. This indicates
that the production of W11 exopolysaccharides is strain-
specific, and the W11 exopolysaccharides-mediated
actions are also strain-specific and might not be observed
in other B. longum strains. An investigation was carried
out to try and characterize the exopolysaccharides
that B. longum W11 produces on a molecular level.l'’]
The exopolysaccharides contain significant levels of
D-glucose and D-galactose together with trace amounts of
galacturonicacid and rhamnose. These sugars were found
to form repeating structural units, which were identified
as the main structural unit of the exopolysaccharides
(identified using the 'H-NMR method). Additionally, the
evaluation of GI-survivability in the study revealed that
W11 can survive the GI transit. Also, the W11 adhesion
capacity was evaluated using HT-29 colonocytes,
which revealed an equivalent adhesion capacity of W11
compared to the B. longum BB-12 strain, which might be
due to the production of exopolysaccharides by W11.17]
Additionally, the W11-specific exopolysaccharides were
found to be non-cytotoxic, provided an antioxidant
effect, and improved cellular antioxidant system activity
in-vitro.I'”] Additionally, the immunomodulatory ability of
B. longum W11 was evaluated in a study using peripheral
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blood mononuclear cells (PBMCs) isolated from human
volunteers.!'® The stimulation of PBMCs with W11
significantly increased Th-1 activity and altered cytokines
production, which confirms the immunomodulatory
efficacy of B. longum W11.1181°]

Another group of researchers conducted an in-vitro
study to evaluate the antibiotic susceptibility of B.
longum W11.1?%1 The vulnerability of B. longum W11
was assessed with all rifamycin derivatives (namely
rifaximin, rifampicin, rifapentine, and rifabutin) using
the disc diffusion method and using B. longum BL03
strain as control. While all antibiotics inhibited BLO3 at
the lowest assessed concentration (32 pug/mL), W11 was
not inhibited by rifampicin, rifabutin, and rifaximin at
the resistant concentration range from 32 to 256 ug/mL.
The genomic DNA analysis of B. longum W11 was conducted
to understand the genomic pattern for the observed
antibiotic resistance. The analysis identified a specific
genomic mutation of the rpoB gene (the beta subunit of
DNA-mediated RNA polymerase) which was responsible
for the antibiotic resistance of B. longum W11. This
particular genetic mutation was confirmed to be strain-
specific and is not transposable or flanked using mobile
genetic elements.2”

B. longum W11: Clinical Evidences

Constipation and irritable bowel syndrome

A clinical trial evaluated the effect of B. longum W11
supplementation for 60 days on 297 subjects with chronic
constipation.?!l While there was significant improvement
in all subjects after B. longum W11 supplementation, the
effect was more significant in subjects who had good
adherence to the therapy. Also, there was a notable rise
in the number of subjects who did not use laxatives for
overall improvement. Additionally, after B. longum W11
supplementation there was an improvement in physical
activity level, while the difference did not achieve
significance. The study concluded that B. longum W11
supplementation improved overall bowel movements and
improved overall physical activity levels.[?!l In a similar
open-label study involving IBS patients with pre-dominant
constipation (IBS-C) were treated with a combination of
B. longum W11 with FOS for 36 days.!??! Data from 636
subjects revealed that B. longum W11 supplementation
significantly improved symptoms of abdominal pain and
bloating. The mean stool frequency was also significantly
increased by the end of therapy (Fig. 2).1??! Similar open-
label trials with 129 IBS-C individuals showed that
treating B. longum W11 and FOS significantly improved
the frequency of stools and decreased the intensity of
symptoms related to bloating and stomach pain (Fig. 3).
These data suggestthat the use of B. longum W11 is effective
in improving bowel movements and reducing symptoms
in subjects with IBS-C and chronic constipation.!?3]
Subjects with constipation and IBS from a mean duration
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Fig. 2: Change in stool frequency after B. longum W11 supplementation.
*p <0.001 vs baseline

of 2.3 years were included in an open-label study.**! The
supplementation of B. longum W11 for 8 weeks resulted in
significant rise in number of evacuations and number of
satisfactory evacuations compared to baseline (Fig.4). The
change in bristol stool score significantly improved from
baseline (1.9 to 4.0; p <0.001) indicating improvement in
stool consistency, while there was significant reduction in
severity of various symptoms like abdominal distension,
meteorism, abdominal pain/discomfort, and global
abdominal discomfort compared to baseline values (p
<0.0001 for all symptoms). No treatment-related side
effects hindered the overall effectiveness of B. longum
W11 therapy.!?4!

Rifaximin is widely used to treat various Gl-related
conditions including IBS.[?°-2”] A randomized open-label
study involving 70 IBS subjects was conducted.?® Subjects
were randomized to either receive 400 mg of rifaximin
for 10 days every month or rifaximin therapy followed by
B. longum W11 supplementation for the following 6 days
on alternative weeks for two months. While rifaximin
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Fig. 3: Change in severity of (A) Abdominal pain and (B) Bloating in
subjects with IBS-C.
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Fig. 4: Improvement in number of evacuations and number of
satisfactory evacuations after B. longum W11 supplementation. *p
<0.05 vs respective baseline values

supplementation significantly improved the overall health
status of subjects (assessed using a visual analog scale by
gastroenterologists and subjects) and provided significant
remission from symptoms of IBS at study end duration, the
subjects treated with B. longum W11 showed significantly
better improvement in all parameters compared to
rifaximin alone group. The results of this study confirm
the rifaximin resistance capability of B. longum W11 and
suggest the use of B. longum W11 along with rifaximin to
provide synergistically better patient outcomes.[?8] The
use of partially hydrolyzed guar gum is a water-soluble,
non-gel-forming, galactomannan fiber that is found to be
effective in subjects with chronic constipation.[?’! In a
randomized controlled trial with IBS-C patients, it was
found that the supplementation of B. longum W11 provides
a synergistic effect to partially hydrolyzed guar gum
therapy in reducing symptoms of bloating. These data
suggest the use of B. longum W11 along with dietary fiber
therapy for improvement in IBS-C subjects.[3%

Total enteral nutrition

In a study involving 13 elderly subjects affected by
permanent vegetative status, subjects with a lower
baseline level of fecal Bifidobacterium count (less
than 10 million bacterial counts) were treated with B.
longum W11 (5 billion CFU) and FOS (2.5 g) for 12 days.
Treatment with B. longum W11 resulted in a 1-log
increase in the fecal Bifidobacterium count. While this
increase in Bifidobacterial colonization subsequently
resulted in a reduction in Clostridium level, there was no
observable change in the clinical response. These results
are preliminary and need more stringent clinical studies
with a higher number of subjects to determine the effects
of intestinal Bifidobacterium level on overall clinical
response.[31

Minimal hepatic encephalopathy

Minimal hepatic encephalopathy (MHE) is the initial form
ofhepatic encephalopathy that has been shown to affect up
to 80% of subjects who are suffering from liver cirrhosis.[3?
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MHE is identified by the increased level of circulating
ammonia levels, which leads to neurocognitive impairment
in vigilance, attention, and integrative function. Various
data suggest that gut dysbiosis plays a key role in
increasingammonia levels in the body of cirrhotic subjects,
and modulation of gut-derived ammonia production
is a potentially useful therapy for the management of
MHE.[32331 A randomized double-blinded placebo-
controlled trial that involved 60 cirrhotic subjects with
MHE were randomized to either receive symbiotic
preparation of B. longum W11 (5 billion CFU) and FOS (2.5 g)
ora combination of B-vitamins (vitamin B1, 1.4 mg; vitamin
B6, 2.0 mg; vitamin B2, 1.6 mg; vitamin B12, 1.0 mg) as a
placebo for 90 days of duration.>*l At study end, subjects
treated with B. longum W11 had a significantly reduced
level of venous ammonia level compared to the placebo
group (Fig. 5). The neurocognitive performance was
evaluated using the trail-making test. The trail-making
test (TMT) is divided into two parts (TMT-A and TMT-B)
which evaluates various neurocognitive functioning
ability, and a decrease in the time in the TMT test indicates
improvement in neuropsychological functioning.[3*! After
90 days of supplementation, the subjects treated with
B. longum W11 showed significant improvement in all
neuropsychological parameters compared to baseline
and placebo-treated subjects (as indicated by a decrease
in the TMT-A and TMT-B sore; Fig. 6). Similarly, the block
design test (BDT) and mini-mental state examination
(MMSE) was used to assess the intellectual cognitive
ability and mental health respectively. An increase in
BDT score indicates improved cognitive functioning while
an increase in MMSE score indicates improved overall
mental health.®¥ Similar results were obtained, in which
significant improvement was observed in B. longum W11
treated subjects compared to placebo-treated subjects for
both BDT and MMSE scores (Fig. 7). No treatment-related
side effects were observed in any subjects treated with B.
longum W11 or placebo. These data suggest that B. longum

Serum Ammonia level
70 65.1 664

62.1

387

in mg/dl

Probiotics group Placebo group

Baseline mDay 90

Source - Data adopted from Malaguarnera M et al.l3¥

Fig. 5: Venous ammonia level in MHE subjects at baseline and after
90 days supplementation of B. longum W11 or placebo. *p <0.05 vs
baseline and placebo group
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Fig. 6: Improvement in neurocognitive functioning assessed using (A)
TMT-A and (B) TMT-B in MHE subjects after 90 days supplementation
of B. longum W11 or placebo. *p < 0.05 vs baseline and placebo group.
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Fig. 7: Improvement in (A) Intellectual cognitive ability using BDT

score and (B) Overall mental health using MMSE score in MHE subjects

after 90 days supplementation of B. longum W11 or placebo. *p < 0.05
vs baseline and placebo group

W11 is an effective and safe therapy for modulating the gut
microbiome in MHE subjects and resulting in an overall
reduction of serum ammonia levels along with improving
neuropsychological functioning, intellectual cognitive
ability, and overall mental health.[?4]

Non-alcoholic steatohepatitis

Non-alcoholic steatohepatitis (NASH) is a liver fat-
infiltration disease that is characterized by hepatic
inflammation, necrosis, and fibrosis, which in turn can
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Fig. 8: Change in liver parameters after 24 weeks of B. longum W11
supplementation along with lifestyle modifications compared to
lifestyle modifications alone

lead to hepatocellular carcinoma.®®! While various
risk factors are associated with NASH, the change in
the microbiome is considered one of the risk factors
that can progress liver damage.[*®! Currently, various
therapeutic options are used for the management
of NASH including lifestyle modifications (diet and
exercise), pharmacological therapies (medications
like antidiabetics, anti-obesity agents, antioxidants,
antibiotics, and anti-fibrotic agents), nutraceutical and
herbal supplements (like vitamin D, vitamin E, vitamin C,
carnitine, omega-3 fatty acids, silymarin, and resveratrol),
and gut microbiome modulatory supplements (mainly
prebiotics and probiotics).2”38!

In a randomized, double-blind, placebo-controlled study
designinvolving 66 subjects with NASH, the effectiveness of
B. longum W11 with FOS along with lifestyle modifications
was evaluated and compared with the effect of placebo
supplementation with lifestyle modifications.!*%! Subjects
were randomly assigned either to receive the symbiotic
preparation or the placebo (vitamin B1, 1.4 mg; vitamin B6,
2.0 mg; vitamin B2, 1.6 mg; and vitamin B12, 1.0 mg) for 24
weeks along with lifestyle modifications. After 24 weeks
of supplementation, while both groups showed significant
improvement in all anthropometric, biochemical, lipid,
and liver parameters compared to respective baseline
values, the improvement was greater in B. longum W11
supplemented groups compared to the placebo group.
The reduction in liver enzyme level was greater in the B.
longum W11 group (AST: -63.85%; ALT: -53.37%; bilirubin:
-2.88%) compared to the placebo group (AST: -42.86%;
ALT: -39.54%; bilirubin: 0.99%). The improvement in lipid
parameters was also more in the B. longum W11 group
compared to the placebo group for total cholesterol (-11.03
vs -3.92%), HDL (12.38 vs 1.85%), LDL (-21.48 vs -4.72%),
and triglycerides (-25 vs -11.44%) levels, respectively.
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Fig. 9: Improvement in gastrointestinal symptoms of abdominal
pain, tenderness, diarrhoea, constipation, and bloating in (A) Group
A and (B) Group B. *p<0.05 vs respective baseline value

Similarly, greater reduction in inflammatory markers
(CRP: -41.43 vs -10.45% and TNF: -35.16 vs -9.68%) and
insulin resistance (insulin level: -21.58 vs -5.80% and
HOMA-IR score: -29.97 vs -16.35%) was observed in B.
longum W11 group compared to the placebo group.!’!

In the same study, supplementation of B. longum W11 was
associated with greater a reduction in serum endotoxin
levels compared to the placebo group (-45.38 vs-10.79%).
This reduction in serum endotoxin level was associated
with greater improvementin liver histological parameters
(including steatosis, parenchymal inflammation,
hepatocellular injury, portal inflammation, fibrosis, and
NASH activity) in subjects treated with B. longum W11
compared to placebo-supplemented subjects. The overall
change in liver parameters in both groups is depicted in
Fig. 8. None of the subjects had any side effects and the
B. longum W11 treatment was very well-tolerated.[>"]
These data suggest that B. longum W11 supplementation
is associated with improvement in gut microbial niche
which results in improved lipid and inflammatory
parameters in subjects with NASH. These improved lipid
and inflammatory parameters further result in greater
improvement in liver histological parameters. Hence, B.
longum W11 supplementation can be used to improve the
overall effectiveness of lifestyle modifications in NASH
subjects.[3]

Active celiac disease

Celiac disease (CD) is a genetic-autoimmune disease
characterized by a unique serological and histological

132 Int. J. Pharm. Sci. Drug Res., January - February, 2024, Vol 16, Issue 1, 127-134

profile due to the consumption of gluten (alcohol-soluble
proteins found in grains like wheat).[*% In a randomized
clinical trial, 25 subjects with active celiac disease and
consuming a gluten-free diet were randomly treated with
either B. longum W11 and FOS therapy or placebo for 6
weeks. After the study duration, subjects treated with
B. longum W11 therapy had significant improvement in
the gastrointestinal symptom rating scale for symptoms
of indigestion, diarrhea, dyspepsia, and abdominal pain
compared to the placebo group. Additionally, B. longum
W11 supplementation positively altered the immune status
and resulted in improved inflammatory status.*!]

Symptomatic Uncomplicated Diverticular Disease

Symptomatic uncomplicated diverticular disease (SUDD)
is a clinical condition characterized by the simultaneous
existence of diverticula and symptoms of stomach
pain and bloating, bowel habit alterations such as
diarrhea and constipation, or a mixed bowel habit.[*?] A
retrospective study evaluated the efficacy of B. longum
W11 supplementation for 7 days after the treatment
period of rifaximin (400 mg every 12 hours for 7 days;
Group A) and rifaximin and B. longum W11 simultaneous
supplementation for 7 days (Group B) for 3 months.*3] At
the study end, both treatment groups showed a significant
reduction in symptoms of abdominal pain, abdominal
tenderness, diarrhea, constipation, and bloating compared
to respective baseline values (Fig. 9). Between-group
analysis revealed significantly greater symptomatic
improvement in group B compared to group A (-62.5 vs
-43.9%; p <0.05), while adherence to therapy was also
significantly better in group B compared to group A (95
vs 65%; p <0.01).1*3] These data suggest that B. longum
W11 co-supplementation with rifaximin provides clinical
benefits in subjects with SUDD.

Strength, Limitation, and Future Perspectives

This scoping review revealed that up to date there is
no systematic review approach used to evaluate the
efficacy of B. longum W11 in disease or healthy conditions.
The shreds of evidence described in the current study
confirm that B. longum W11 is effective in various disease
conditions, and the action observed by W11 consumption
might be strain-specific due to the natural and unique
exopolysaccharides produced by this strain. Additionally,
the genetic mutation of W11 in the rpoB gene was found to
provide the strain with significant antibiotic resistance,
which was non-transposable or non-transferable to other
micro-organisms using mobile genetic elements. Data
suggest that B. longum W11 is stable and able to survive
the harsh GI conditions, adhere to intestinal epithelium,
colonize, and produce immunomodulatory action. Thus,
we can speculate that the consumption of B. longum W11 is
safe and effective in various disease conditions, and it can
be consumed along with rifamycin derivatives. Although
the current scoping review tried to include all available
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evidence regarding B. longum W11 (since the year 2000),
the current study does not meet the criteria of a systematic
review. Hence, the data from the current study can be
used for the design of further systematic reviews. The
inability of the current study to conduct heterogeneity
and bias analysis needs to be addressed by conducting
further studies.

CONCLUSION

The modulation of gut microbiota using probiotics is a
widely researched area. Bi. longum W11 is a probiotic
with a proven ability to survive and colonize the gut. The
possible mechanism of action of B. longum W11 involves
immunomodulation, SCFA production, and supporting
a healthy gut barrier. With clinical efficacy in various
digestive disorders, including irritable bowel syndrome,
constipation, minimal hepatic encephalopathy, non-
alcoholic steatohepatitis, and celiac disease, B. longum W11
holds the potential for promoting gut health and managing
gastrointestinal conditions. Further research and clinical
trials are warranted to fully understand their potential
and optimize their use in clinical practice.
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