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Antibiotics and probiotics in
inflammatory bowel disease: when

to use them?

Bincy Abraham

ABSTRACT

Antibiotics and probiotics are often used as
adjunctive therapy in inflammatory bowel
disease. However, data are limited and
randomised controlled trials are too inconsistent
to provide generalised recommendations for
their use in all patients with ulcerative colitis
or Crohn’s disease. Antibiotics are best used in
the management of infectious complications
and fistulas in Crohn’s disease and, perhaps,
in reducing the intensity of inflammation in
luminal disease. Ciprofloxacin, metronidazole
and rifaximin have been most widely used and
studied. On the other hand, there appears to
be a limited role for antibiotics in ulcerative
colitis (UC). Probiotics are most effective in
pouchitis, and may have a role in the initial
therapy and maintenance of remission in mild
UC; the probiotic cocktail VSL#3 has been the
most widely studied. There is scant evidence of
efficacy for probiotics in Crohn’s disease.

Therapies which are now known to
impact on the microbiota have been
used for decades, largely on an empir-
ical basis, in the management of inflam-
matory bowel disease (IBD). Antibiotics
were used primarily in the prevention
and management of infectious complica-
tions and probiotics for presumed overall
benefits on gut health. A scientific basis
for the use of microbiota-directed strat-
egies in IBD came with the recognition
that the gut microbiota and the host
immune response to its luminal bacterial
populations appeared to be fundamental
to the pathogenesis of both Crohn’s
disease (CD) and ulcerative colitis (UC).
This has, in turn, re-energised interest in
microbial therapeutics in IBD.

ANTIBIOTICS
In theory, antibiotics could benefit
patients with IBD by reducing the load

, Eamonn M M Quigley

» In Crohn's disease, rifaximin and

ciprofloxacin may have some benefit

in induction of remission, while
antimycobacterial therapies may

reduce the risk of relapse in quiescent
disease.

The combination of metronidazole and
ciprofloxacin can help treat perianal
fistulae but, if used as the sole form of
therapy, recurrence inevitably occurs once
discontinued.

Short-term use of rifaximin or
nitroimidazole antibiotics may help reduce
the risk of postoperative recurrence of
Crohn's disease.

In ulcerative colitis (UC), combinations
of antibiotics yielded the best results

in active disease with limited data on
maintenance of remission; however,
antibiotic side effects and bacterial
resistance precludes their long-term use.
Antibiotics are effective in acute pouchitis
but less effective in chronic refractory
pouchitis.

The strongest data to support the use

of probiotics are in pouchitis and,
particularly, for VSL#3, in both the primary
prevention of pouchitis after ileal pouch
anal anastomosis and maintenance of
remission following successful antibiotic
treatment of acute pouchitis.

There are some but inconsistent data to
support the use of probiotics in UC with
the strongest evidence for their efficacy
in mild disease. There is little evidence

of effectiveness of probiotics in Crohn's
disease.

Most studies of probiotics shared

many limitations, including wide
variability in the composition, viability
and dosing of the probiotic preparation,
employed, small sizes of the study
population as well as a failure to
confounding factors such as concomitant
medications and diet.
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Table 1 Randomised controlled trials of antibiotics of potential efficacy in Crohn’s disease, ulcerative colitis and pouchitis
Indication Endpoint (outcome) Antibiotic References
Crohn’s disease Induction of remission Rifaximin 800 mg twice daily (NNT 9, clinical remission) W B
Ciprofloxacin 500 mg twice daily (NNT 4, clinical remission of colonic
disease)
Metronidazole (reduction of CRP)
Maintenance of remission Anti-Mycobacterium avium paratuberculosis therapy (NNT 4) 182022
Perianal disease Metronidazole+ciprofloxacin (NNT 5) »
313234

Prevention of postoperative
recurrence

Metronidazole 20 mg/kg/dayx3 months (NNT 4)
Ornidazolex1 year (NNT 4)

Rifaximinx3 months (10% vs 40% placebo recurrence)

Ulcerative colitis Induction of remission

Metronidazole+tobramycin

54347

Metronidazole+amoxicillin+tetracycline
Metronidazole-+tobramycin-+vancomycin/rifaximin
*(For 7 days to 3 months)

Maintenance of remission

Pouchitis Acute pouchitis

No evidence of efficacy of antibiotics
Metronidazole 1 to 1.5 g/day

5051

Ciprofloxacin 500 mg twice daily+metronidazole 20 mg/kg/dayx2 weeks

Maintenance of remission

Rifaximin up to 1800 mg/day (benefit up to 12 months only)

54

CRP, C reactive protein; NNT, number needed to treat.

of gut-derived bacterial toxins and antigenic triggers.
When considering the use of antibiotics in IBD, one
must always balance any benefits derived from their
use against risks. Given the natural history of IBD, such
use is likely to be long term thus exposing the patient
to side effects as well as their impact on commensal
bacteria. The latter may, indeed, result in the further
disruption of the microbiota with a reduction in overall
diversity, the development of a niche for the growth
of Clostridium difficile and the outgrowth of fungal
species.! The emergence of resistance is another poten-
tial hazard, with long-term antibiotic use being asso-
ciated with the emergence of such important bacteria
as methicillin-resistant Staphylococcus aureus (MRSA)
and vancomycin-resistant Enterococci (VRE), taxa that
occur more commonly among patients with IBD.??
Also, antibiotics may affect metabolism of bile acids,
cholesterol and vitamins.* Long-term data on antibi-
otic effects on the microbiome, especially in patients
with IBD, are lacking. See table 1 for a summary of all
randomised controlled trials (RCTs) of antibiotics with
potential efficacy in IBD.

Crohn’s disease
Induction of remission

In a systematic review and meta-analysis on the induc-
tion of remission in CD, 10 RCTs including over 1000
patients were assessed.” Unfortunately, due to the use
of different antibiotics tested as well as the prevalence
of co-therapy with other medications, no generalis-
able conclusions on the use of antibiotics in CD could
be made. Primary outcomes were, for the most part,
limited to clinical indices rather than endoscopic or
other objective measures. Consequently, the clinical
improvements observed could have resulted not on the
basis of a reduction in inflammation but from impacts

on coexistent irritable bowel syndrome or small intes-
tinal bacterial overgrowth.®

Rifaximin is a non-absorbable antibiotic virtually
devoid of systemic side effects.” Rifaximin holds partic-
ular promise in CD by virtue of demonstrated effects
on the colonic microbiome which feature a bloom of
potentially beneficial bacteria such as Bifidobacteria
and Faecalibacterium prausnitzii.® It may also exert
anti-inflammatory effects by antagonising the effects
of tumour necrosis factor-o. on intestinal epithelial
cells.” Rifaximin tested against placebo was found to
be effective at inducing remission in active Crohn’s
based on two RCTs of 485 patients with a number
needed to treat (NNT) of 9."° ' In one study, remis-
sion rates, defined as Colitis Disease Activity Index
(CDAI) <150, achieved significance only among with
baseline elevation of C reactive protein (CRP).'" In a
larger international RCT, a dose of 800 mg twice daily
was found to be most effective in inducing clinical
remission,"!

In an RCT of 84 patients with CD, ciprofloxacin was
found to be effective with a NNT of 4.'> However,
when combined with budesonide and metronidazole,
there was no significant impact on inducing remis-
sion in active CD, though some efficacy was found
in colonic disease in comparison with isolated small
bowel disease.”® Other studies of metronidazole in
combination with other antibiotics, such as cotri-
moxazole or with ciprofloxacin, did not show effi-
cacy."* ¥ However, in one study of metronidazole
alone, a significant reduction in CRP (0.8 mg/dL vs
-0.9 mg/dL; p<0.05) was achieved in comparison
placebo.'® An earlier study suggested that metronida-
zole was as effective as sulfasalazine'’; an observation
of questionable clinical significance given minimal effi-
cacy of 5-ASA in CD. Metronidazole has numerous
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side effects including nausea, dyspepsia, dysgeusia,
anorexia and, of greater concern, neuropathy that
limit its short-term tolerance and long-term use. Other
antibiotics including clarithromycin and clofazamine
did not show any benefit in active CD.

The long-touted proposal that Mycobacterium avium
paratuberculosis (MAP) might cause CD provided the
rationale for antituberculous therapy in CD. However,
few RCTs evaluated this and overall combined data
suggested no benefit. Whether evaluating clinical,
endoscopic or secondary endpoint (such as intestinal
permeability), initial small studies provided little
encouragement for this strategy.'® ' A larger trial of
213 patients, while enhancing remission rates at 16
weeks, failed to sustain this advantage at 3 years and,
in secondary analyses, there was no improvement in
Crohn’s disease index of severity (CDEIS) scores or
the inflammatory markers CRP or erythrocyte sedi-
mentation rate.”’

Maintenance of remission

A study that evaluated recent antibiotics prescrip-
tion use among 1205 patients showed that antibiotic
use reduced the risk of CD flare in the following 60
days.”?! Three RCTs evaluated the use of antibiotics
(anti-MAP therapy) to prevent relapse in quiescent CD
and showed efficacy, in comparison with placebo, in
preventing relapse in CD for up to 9 to 12 months and
with a NNT of 4.'® 2° 22 However, this was achieved
only in the context of an induction. Quite apart from
the inconclusive nature of these, a high rate of side
effects and the potential for the development of antibi-
otic resistance may limit the use of this approach in the
maintenance of remission in CD.*

Uncontrolled studies in perianal disease showed
that metronidazole in a dose of 20 mg/kg can close
629%-83% of fistulae’®* » and the combination of
metronidazole and ciprofloxacin improved symptoms
in 64% and closed fistulae in 219.2° Three randomised
trials evaluated the use of antibiotics given over 4
to 12 weeks in 125 patients with CD with perianal
fistulas. Although the two individual antibiotic trials
of ciprofloxacin versus placebo,”” or metronidazole
versus placebo,” did not show any benefit with either
antibiotic, the combination was effective (NNT=5).%
Antibiotics may reduce fistula drainage, but may not
always provide complete healing,’° and fistulae tend to
recur in most patients following cessation of therapy.
Thus, antibiotics should be used in conjunction with
other definitive CD treatments rather than alone.

Prevention of postoperative CD recurrence

Perhaps the most intriguing concept is the use of anti-
biotics to reduce the risk of postoperative recurrence.
Among the various RCTs, nitroimidazole antibiotics
(metronidazole 20 mg/kg/day for 3 months, ornidazole
use for 1 year) successfully prevented clinical and endo-
scopic recurrence (NNT=4).> 3 However, long-term

use may be hindered by a high rate of adverse events
leading to patient withdrawal.’?

Rifaximin given for 3 months also reduced the rate
of endoscopic recurrence (10% vs 40% for placebo).>*
Ciprofloxacin did not achieve statistical significance
but did show a trend towards reduced postoperative
recurrence.” An uncontrolled trial showed no benefit
of anti-MAP therapy with rifabutin and ethambutol in
preventing postoperative recurrence of CD.*®

Ulcerative colitis
Induction of remission

Meta-analyses of several RCTs including over 5000
patients showed higher overall remission rates
with antibiotics in the management of active UC
(NNT=7).”*” For the most part, studies of individual
antibiotics such as ciprofloxacin®®**' or vancomycin*
did not demonstrate efficacy. When seen, short-term
benefits did not translate into longer-term remission.*!

In contrast, studies of antibiotic combinations
(metronidazole, tobramycin), (metronidazole, amox-
icillin, tetracycline) or (metronidazole, tobramycin,
vancomycin or rifaximin) given for 7 days to 3 months
in moderate UC did show benefit.” Not surprisingly,
oral administration generated favourable responses
compared with intravenous administration.* For
example, oral tobramycin improved remission
rates within 1 week in acute UC (74% vs 43% for
placebo).** In two studies that evaluated the combina-
tion of amoxicillin, tetracycline and metronidazole in
active UC, both clinical response and remission rates
as well as endoscopic remission were enhanced for up
to 1 year.* *

The addition of rifaximin 400 mg twice daily to a
group of patients with moderate to severe UC refrac-
tory to steroid therapy improved stool frequency
and sigmoidoscopic appearances and reduced rectal
bleeding.*” The use of repeated rifaximin dosing in this
population should be weighed against the observation
that resistant Bifidobacterium sp. were seen to emerge
afteasthree intermittent courses among patients with
UC.

Maintenance of remission

Only one RCT evaluated the short-term (7 days) use
of an antibiotic (tobramycin) to maintain remission of
quiescent patients with UC—relapse rates were similar
to placebo at 1 and 2 years.*

Pouchitis
Bacterial overgrowth and faecal stasis in the small
intestinal pouch fashioned following total colectomy
with ileal pouch anal anastomosis may contribute to
the development of pouchitis. Thus, most patients
with pouchitis are treated with antibiotics.
Metronidazole, in a dose of 1 to 1.5 g/day, induces
a rapid response in acute pouchitis.’’ In a small
RCT, both ciprofloxacin (500 mg twice daily) and
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metronidazole (20 mg/kg/day) for 2 weeks were effica-
cious in treating acute pouchitis.’’

Although these studies show that both antibi-
otics are successful in the treatment of acute pouch-
itis, ciprofloxacin has the edge: it leads to a greater
reduction in total Pouchitis Disease Activity Index
scores and endoscopic scores, is associated with more
symptom improvement and has better tolerability than
metronidazole.’®

Chronic pouchitis

Chronic or refractory pouchitis provides a greater ther-
apeutic challenge. Data are limited. In an open-label
study, rifaximin 1000 mg twice daily in combination
with ciprofloxacin 500 mg twice daily was given for
15 days to 18 patients with pouchitis that had failed
to respond to metronidazole or ciprofloxacin alone.
Moreover, 55% demonstrated a clinical response and
33% achieved clinical remission.’* Even greater effi-
cacy (82% remission rate) was achieved in another
open-label trial involving metronidazole (800 mg to
1 g daily) and ciprofloxacin (1 g daily) for 28 days.>

Rifaximin, in doses up to 1800 mg/day, was assessed
as maintenance therapy in patients with antibiotic-
dependent pouchitis; at 3 months, 65% had achieved
remission and 79% of these remained in remission at
6 months and 58% at 12 months. However, this rate
plummeted to only 6% at 24 months.>*

In a small cross-over RCT, metronidazole 400 mg
oral three times a day for 2 weeks improved stool
frequency but was no better than placebo in inducing
endoscopic or histological improvement.’® Not surpris-
ingly, over half the patients (55%) reported side effects
of nausea, vomiting, abdominal discomfort, headache,
skin rash and metallic taste.

PROBIOTICS
Patients with IBD are attracted to probiotics as a
readily available ‘natural’ treatment option. It is thus
important to discuss their use in patients with IBD and
understand their role based on the available evidence.
Probiotics are live micro-organisms that when
administered in sufficient amounts alter the microflora
and provide a health benefit to the host.”**® Probiotics
may help in reducing inflammation in IBD by modu-
lating the composition of the microbiota through inhi-
bition of pathogenic enteric bacteria, improving and
restoring epithelial and mucosal barrier function and
promoting an anti-inflammatory milieu.>*™"
However, probiotic preparations vary significantly in
composition, dosage and interaction with the host, and
these must be considered before recommending their
use. Also, in order to exert their optimal effect, probi-
otics must survive their journey through the upper
gastrointestinal tract by remaining viable after contact
with stomach acid, bile and digestive enzymes—a
fundamental property that is not tested in relation
to many products. Furthermore, many probiotics on

COLORECTAL

Table 2 Randomised controlled trials of probiotics with efficacy
in Crohn'’s disease, ulcerative colitis and pouchitis

Endpoint
Indication  (outcome) Probiotic References
Crohn's Induction/ » None
disease maintenance of
remission
Ulcerative Induction of » VSL#3 (children) 76777
colitis remission » Bifidobacterium
and Lactobacillus
acidophilus
» Lactobacillus
reuteri enema
(children)
Maintenance of B Bifidobacterium ~ "°8'-%
remission breve
» Bifidobacterium
bifidum
» Saccharomyces
boulardii
» £. coli Nissle
1917
» VSL#3 (children)
Pouchitis Acute pouchitis ~ VSL#3 8
Maintenance of ~ VSL#3 ez

remission

the market have not been clinically evaluated for their
claims of efficacy in IBD. Though well tolerated and
generally safe, there is a theoretical concern relating to
their use in immunosuppressed patients with an altered
mucosal barrier.®* ©* Since probiotic strains typically do
not colonise the adult colon and repeated or indefinite
use is required for an ongoing effect, long-term main-
tenance studies in IBD are needed.”” See table 2 for a
summary of RCTs of probiotics with efficacy in IBD.

Crohn’s disease
Induction of remission

Data on the induction of remission with probiotics in
Crohn’s disease are very limited. Two open-label studies
included a total of only 14 patients and, while showing
an improvement in CDAI, used different prepara-
tions, Lactobacillus rhamnosus GG in one study and
a combination of Lactobacillus and Bifidobacterium in
the other.®*® In the only RCT, where 11 patients were
randomised to placebo or Lactobacillus GG following
1 week of treatment with both antibiotics and steroids,
no benefits were evident for the probiotic, with only
five patients completing the study.®®

Maintenance of remission

Lactobacillus rhamnosus GG treatment in children
showed no benefit compared with placebo and was
terminated early due to lack of efficacy and difficulty
in recruitment.®” In a randomised trial of 165 patients
with CD who achieved remission on steroids or salic-
ylates, Saccharomyces boulardii did not reduce recur-
rence rates after 52 weeks.®® Similarly, Lactobacillus
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johnsonii and Escherichia coli Nissle 1917 also failed
to show any impact on remission rates in other
studies.®””!

Prevention of postoperative recurrence

In a large study evaluating postoperative recurrence,
VSL#3 (a combination of Streptococcus thermophilus,
Bifidobacterium  breve, Bifidobacterium longum,
Bifidobacterium infantis, Lactobacillus acidophilus,
Lactobacillus plantarum, Lactobacillus paracasei and
Lactobacillus delbrueckii subsp. bulgaricus) was inef-
fective in reducing the endoscopic relapse rate at 90
days.”> However, a lower rate of recurrence and lower
levels of mucosal inflammatory cytokines among
patients who received VSL#3 for 1 year suggested
some efficacy with longer use.

Ulcerative colitis

Induction of remission

A Cochrane systematic review (involving 244 patients)
of S. boulardii and VSL#3 in mild to moderate UC
in combination with conventional therapy failed to
demonstrate an improvement in remission rates, but
provided a modest benefit in terms of reducing disease
activity.”> Another study found no difference between
VSL#3 and placebo based on endoscopic scores and
physician’s global assessment.”*

Studies evaluating the use of VSL#3 with other stan-
dard of care medical therapy for UC looked more prom-
ising. The addition of VSL#3 to standard therapy with
aminosalicylates or thiopurines was found to increase
remission rates (reduction in Ulcerative Colitis Disease
Activity Index [UCDAI] score by more than 50%) and
mucosal healing (subscore of 0 or 1 in sigmoidoscopy
activity) at 12 weeks.”” Unfortunately, this study was
limited by its short duration and a high dropout rate in
the placebo group. An RCT of 29 children with newly
diagnosed UC followed for 1 year found that VSL#3
in addition to steroids and 5-ASA resulted in a remis-
sion rate of 93% compared with just 36% in those
treated with standard therapy plus placebo.”®

Treatment with a bifidobacteria-fermented milk
containing Bifidobacterium strains and Lactobacillus
acidophilus in a Japanese RCT in mild to moderate UC
showed a significant reduction in endoscopic and histo-
logical scores compared with placebo.”” Conversely, a
Danish cross-over study of 100 patients with UC with
active disease randomised to ciprofloxacin or placebo
for 1 week followed by E. coli Nissle versus placebo
for 7 weeks found that fewer patients on the probiotic
achieved clinical remission.* In addition, the probiotic
group had the largest number of withdrawals from the
trial suggesting that certain bacterial strains may even
be detrimental for use in patients with IBD.

The same probiotic, E. coli Nissle 1917, admin-
istered rectally for proctitis or proctosigmoiditis,
did not show benefit compared with placebo.”® On
the other hand, an enema combining Lactobacillus

reuteri ATCC 55730 and mesalamine was more effec-
tive than mesalamine alone in 40 children with mild
to moderate ulcerative proctitis or ulcerative recto-
sigmoiditis; 100% in the probiotic group had a clin-
ical response (Mayo Disease Activity Index [MDAI]
reduction of =2) and 31% reached remission (MDAI
score of <2.0), compared with rates of 53% and 0%
in the placebo group.” However, only 31 children
completed the study due to lack of compliance with
rectal enema administration, and the follow-up lasted
for only 8 weeks.

Maintenance of remission

RCTs involving E. coli Nissle 1917, S. boulardii, B. breve
and B. bifidum strains Yakult have shown similar efficacy
and safety to standard 5-ASA regimens in the mainte-
nance of remission for patients with mild to moderate
UC % Three RCTs using E. coli Nissle 1917 found the
probiotic to be as effective as low-dose mesalamine in
maintaining remission based on histology, endoscopy
or quality of life.**™ Conversely, an open-label RCT
comparing Lactobacillus GG alone, mesalamine and the
combination of Lactobacillus GG and mesalamine failed
to show any difference in relapse or adverse event rates
between the three groups over a 12-month period based
on UCDAI scores.®® In children, some small studies
have shown VSL#3 to be effective in maintenance of
remission. The addition of VSL#3 to standard therapy
decreased relapse rates (21.4% vs 73.3%) compared
with placebo.”® An open-label study of 18 children with
UC reported improvement in endoscopic scores and
inflammatory markers, with a clinical remission rate of
56% after 8 weeks of VSL#3 in addition to standard
treatment.® Limitations of this study included a lack of
a placebo, small study size, short duration of follow-up
and high withdrawal rate.

In a small pilot study, six patients with UC in remis-
sion following a course of oral steroids were given a
combination of rifaximin 400 mg and the probiotic
S. boulardii 500 mg as a maintenance treatment for
3 month; all patients remained in clinical remission
suggesting that this therapeutic combination can be
useful in preventing early relapses of UC.%

Pouchitis

Pouchitis, or inflammation within the ileal reservoir, may
occur in up to 60% of patients with UC following an ileal
pouch anal anastomosis (IPAA) in patients with UC.»’
Pouchitis can lead to symptoms of urgency, increased
frequency of bowel movements and abdominal pain.

A small study in patients with acute pouchitis showed
that although Lactobacillus GG altered the pouch
flora, there was no clinical or endoscopic improve-
ment compared with placebo.*® However, a study of 40
patients randomised to VSL#3 or placebo immediately
after IPAA, and followed for 1 year, found that VSL#3
was effective in the primary prevention of pouchitis
as only 10% of patients on VSL#3 developed acute
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pouchitis compared with 40% on placebo.”” Other
studies evaluating the efficacy of Lactobacillus, Bifido-
bacterium and Clostridium butyricum in the primary
prevention of acute pouchitis did not show benefit.”® !

VSL#3 was found to be superior to placebo in main-
taining remission in patients with acute pouchitis success-
fully treated with antibiotics. Sustained remission was
observed in 85% of those treated with VSL#3 compared
with 0% to 6% of placebo in two RCTs.”>** The admin-
istration of VSL#3 has been associated with a reduction
in pro-inflammatory mediators, increase in regulatory T
cells in the enteric mucosa,” improved barrier function
and an increase in intestinal bacterial diversity.”

When considering the use of probiotics in IBD, keep in
mind that one cannot extrapolate results with one strain
or species to another; regrettably, available data involve
diverse species and strains and studies are often of low
quality precluding generalisable conclusions.”® Since IBD
disease location, severity and the microbiome can vary
significantly between individual patients, it should come
as no surprise that responses to probiotics should also
vary. Furthermore, many studies have not controlled for
confounding factors such as diet and concomitant medi-
cations, which can alter the microbial composition of the
—c

CONCLUSIONS

An improved understanding of the microbiota in IBD
and of its interactions with the intestinal immune system
together with high-quality clinical trials are needed to
provide generalisable guidelines for the use of antibiotics
and probiotics in these disease. Long-term tolerability of
antibiotic treatment may be poor due to the appearance
of systemic side effects and concern for the development
of bacterial resistance. Currently, the use of antibiotics
and probiotics should be individualised to the specific
patient with IBD based on their diagnosis, location and
type of disease.
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