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Probiotic Use for the Prevention of Antibiotic-
Associated Clostridium difficile Infection
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lostridium difficile (C difficile) is a
‘ gram-positive, toxin-producing bac-

terium that is of increasing concern
among health care providers and patients. In-
fection with C difficile can have manifesta-
tions ranging from mild diarrhea to severe
toxic megacolon and can result in prolonged
hospitalization with severe cases requiring
admission to an intensive care unit.! In 2014,
the US was estimated to have more than
600,000 cases of C difficile infection (CDI),
previously known as C difficile—associated
diarrhea, and more than 44,000 associated
deaths. The annual economic cost of CDI is
thought to exceed $5 billion.! According to
studies of health care-associated illness, CDI
rates are comparable to or have surpassed
rates of methicillin-resistant Staphylococcus
aureus infection within the US, including at
US Department of Veterans Affairs (VA) acute
care centers nationwide.>?

C difficile has been shown to be the causative
agent in 10% to 20% of antibiotic-associated
diarrhea episodes.* Colonization of C difficile is
uncommon in healthy adults, but colonization
rates are as high as 21% in hospitalized patients,
with increasing rates proportional to increas-
ing hospital length of stay.>® Although not all
colonized patients develop clinically significant
CDI, those who do may require multiple treat-
ment courses, over months to years, because of
the high risk of disease recurrence. An estimated
25% of patients have a single recurrent episode
of CDI within 30 days after treatment comple-
tion, and 45% of those patients have additional
recurrent infections.”®

Although probiotics do not have an ap-
proved US Food and Drug Administration
(FDA) indication, these supplements are often
used to try to prevent CDI from developing
during concomitant antibiotic use. Probiot-
ics are microorganisms with potential health
benefits, but the mechanisms of these benefits
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are not fully understood. Proposed mecha-
nisms include reduced growth of pathogenic
bacteria, modulation of the immune system,
and support of the intestinal wall barrier.® The
many probiotic formulations currently mar-
keted include Lactobacillus acidophilus (L aci-
dophilus) capsules and various combinations of
L acidophilus, Lactobacillus casei, Bifidobacte-
rium lactis, Bifidobacterium longum, Streptococ-
cus thermophilus, and other bacterial strains.

DOSING AND GUIDELINES
Manufacturers’ suggested dosing for their Lac-
tobacillus capsules, tablets, and packets varies
from 1 unit daily to 4 units 4 times daily for
dietary supplementation; the products’ label-
ing does not include any information regarding
treatment duration.'®!? In addition, there are no
published recommendations or product labeling
guiding the dosing of probiotics or their dura-
tion of use in the primary prevention of CDIL.

In 2017, the Infectious Diseases Society of
America (IDSA) and the Society for Healthcare
Epidemiology of America (SHEA) updated their
CDI treatment guidelines.'* As these guidelines
indicate that the data on probiotic use in CDI are
inadequate, IDSA and SHEA make no recom-
mendation for or against probiotic use in primary
prevention of the disease. The guidelines point
to several limitations in the literature, including
variability in probiotic formulations studied, du-
ration of probiotic administration, definitions of
CDI, and duration of study follow-up.

Given the lack of consensus guidelines that
clinicians can use when deciding which pro-
biotic dosing and duration are appropriate for
a patient for primary prevention of CDI, we
evaluated the literature on the topic and sum-
marize their findings here.

REVIEW OF PROBIOTIC LITERATURE
Conlflicting data exist about probiotics and
their effect on CDI prevention. The literature
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TABLE Summary of Trials and Reviews

Treatment
Studies?® Study Design Location Key Findings Bias Risk"
Goldenberg  Meta-analysis of Inpatient CDI incidence High
and various probiotic (24 trials), (RR, 0.40; 95% ClI, 0.30-0.52; I> = 0%) (17 trials),
colleagues'™  blends and outpatient 1.5% in probiotic group, 4% in control group low
commercially (10 trials), (10 trials),
available products both CDil risk in probiotic and control groups in trials with unclear
(4 trials), baseline CDI risk of: (12 trials)
not specified 0% to 2% (RR, 0.77; 95% ClI, 0.45-1.32; I> = 0%)
(1 trial) > 5% (RR, 0.30; 95% ClI, 0.21-0.42; I> = 0%)
Gao and Bio-K+ probiotic Inpatient CDl incidence High
colleagues' capsules 1.2% in group receiving 2 capsules daily,
containing 9.4% in group receiving 1 capsule daily (P = .04);
2 strains of 1.2% in group receiving 2 capsules daily,
Lactobacillus 23.8% in group receiving placebo (P = .002)
Ouwehand HOWARU Restore Inpatient CDI incidence High
and probiotic capsules 1.8% in high- and low-dose probiotic groups
colleagues' containing 2 strains (no P value given);
each of Lactobacillus 1.8% in probiotic groups, 4.8% in placebo
and Bifidobacterium group (P = .04)
Allen and Study capsules Inpatient CDI incidence Low
colleagues'™  containing 2 strains (RR, 0.71; 95% ClI, 0.34-1.47; P = .35)
(PLACIDE each of Lactobacillus 0.8% in probiotic group
trial) and Bifidobacterium 1.2% in placebo group
Shen and Meta-analysis of Inpatient CDI incidence High
colleagues™ various probiotic (RR, 0.42; 95% Cl, 0.30-0.57; I> = 0%; P < .001) (4 trials),
blends and 1.6% in probiotic group, 3.9% in control group low
commercially (11 trials),
available products CDil risk based on when trials started probiotics (P = .02): unclear
< 2 days after start of antibiotics (RR, 0.32; 95% Cl, (4 trials)

0.22-0.48; I2 = 0%)
> 2 days after start of antibiotics (RR, 0.70; 95% Cl,
0.40-1.23; I = 0%)

Abbreviations: CDI, Clostridium difficile infection; RR, relative risk.
a2Gao and colleagues and Ouwehand and colleagues findings are included in the Goldberg meta-analysis.

High risk of bias indicates trial was industry-sponsored or was conducted by investigators connected to industry; low risk indicates investigators stated
that there was no industry interference with or oversight of trial or that trial funding came from nonindustry sources; unclear risk indicates investigators
did not state trial funding or conflicts of interest.

reviewed was selected based on our assess-
ment of its contribution to the topic and its
potential utility to clinicians in determining
appropriate probiotic therapies and recom-
mendations. Included in our discussion is a
large Cochrane Review of probiotic efficacy,
2 trials of probiotic dosing, the PLACIDE
trial, and a systematic review of timely probi-
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otic initiation. All of these studies attempted
to determine the effect of probiotics on CDI
incidence (Table).

In their 2017 Cochrane Review, Golden-
berg and colleagues reviewed 39 trials that
investigated the efficacy of probiotics in CDI
prevention in 9,955 immunocompetent
patients receiving antibiotics.!” The incidence of
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CDI was significantly lower in patients who re-
ceived a probiotic than in patients who received
placebo or no treatment (1.5% vs 4.0%; relative
risk [RR], 0.40; 95% CI, 0.30-0.52; I* = 0%). It
is important to note that trials with a control-
group CDI incidence of 0% to 2% (baseline CDI
risk) found no statistically significant difference
in CDI risk between patients using and not
using probiotics (RR, 0.77; 95% CI, 0.45-1.32;
> = 0%) and that the preceding statistically sig-
nificant result may have been driven by the in-
clusion of trials with high baseline CDI risk
(> 5%). Trials that enrolled patients who were
at this risk level found a statistically significant
70% reduction in CDI risk in those using pro-
biotics (vs no probiotics) while on concomitant
antibiotic therapy (RR, 0.30; 95% CI, 0.21-0.42;
> = 0%).

Probiotic therapy seems to be effective in re-
ducing CDI risk in immunocompetent patients
and may be particularly beneficial in patients at
higher CDI risk, though Goldenberg and col-
leagues did not elaborate on what constitutes
higher risk and based their conclusion on their
control groups high CDI incidence (> 5%). The
most common adverse events (AEs) attribut-
able to probiotics included abdominal cramp-
ing, nausea, fever, soft stools, flatulence, and
taste disturbance. The review’s findings are lim-
ited in that the inclusion of many small trials
with high baseline CDI risk likely contributed
to a statistically significant result, and 17 of the
review’s 39 trials were industry-sponsored or
were conducted by investigators with indus-
try associations; another 12 lacked statements
about funding or sponsorship.

Two of the trials in the Cochrane Review in-
vestigated whether probiotics have a dose effect
on CDI prevention. Gao and colleagues ran-
domly assigned 255 hospitalized Asian patients
to 3 groups: those receiving placebo, 1 probiotic
capsule daily, and 2 probiotic capsules daily.'®
Each probiotic capsule contained 50 billion
colony-forming units (CFUs) of Lactobacillus.
Incidence of CDI was lower in patients taking
2 probiotic capsules daily than in those taking
1 probiotic capsule daily (1.2% vs 9.4%; P =
.04) or placebo (1.2% vs 23.8%; P = .002). In
the other trial, Ouwehand and colleagues ran-
domly assigned 503 hospitalized Asian patients
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to 3 groups as well: those receiving placebo,
low-dose probiotic (4.17 billion CFUs of Lac-
tobacillus and Bifidobacterium), and high-dose
probiotic (17 billion CFUs).!” The incidence of
CDI in each probiotic group (low-dose, high-
dose) was 1.8%, which was significantly lower
than the 4.8% in the placebo group (P = .04).

The Cochrane Review’s largest and most rig-
orous trial was PLACIDE, a 2013 randomized
controlled study of the effect of probiotics
on CDIL.!'® Allen and colleagues randomly as-
signed 2,981 inpatients (aged = 65 years; ex-
posed to antibiotics within preceding 7 days)
to 2 groups: those receiving either 1 probi-
otic capsule daily, or 1 placebo capsule daily,
for 21 days. Results showed no difference in
CDI incidence between the probiotic and pla-
cebo groups (0.8% vs 1.2%; RR, 0.71; 95% ClI,
0.34-1.47; P = .35). Of note, this trial is free of
industry sponsorship, is the largest probiotic
trial to date, has a control-group baseline CDI
rate consistent with the rate in hospital and
ambulatory settings in the US, and found a
negative result regarding probiotic use in CDI
prevention. Findings are limited in that the
study allowed for initiating probiotic therapy
up to 7 days after the start of antibiotics, and
patients were given 1 relatively low-dose cap-
sule daily, which may have contributed to lack
of an effect on CDI prevention. No serious
AEs were attributed to probiotic use.

In a 2017 systematic meta-analysis of
19 studies, Shen and colleagues investigated
whether timely use of probiotics prevented
CDI in 6,261 hospitalized patients receiv-
ing antibiotics.!” The incidence of CDI was
significantly lower in patients receiving vs
not receiving probiotics (1.6% vs 3.9%; RR,
0.42; 95% CI, 0.30-0.57; I* = 0%; P < .001)."
A subgroup analysis was performed to com-
pare studies initiating probiotics within
2 days after the start of antibiotics with stud-
ies initiating probiotics more than 2 days
after the start. CDI risk was reduced by 68%
when probiotics were started within 2 days,
vs 30% when started after 2 days (RR, 0.32;
95% CI, 0.22-0.48; I* = 0% vs RR, 0.70; 95%
CI, 0.40-1.23; 1> = 0%; P = .02). Of note, no
difference was found in efficacy among
the various probiotic formulations, and no
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significant AEs were noted in any study
group.

Trials included in the Cochrane Review used
many different probiotic regimens over various
durations.” All these trials continued probiot-
ics for at least the duration of antibiotic therapy:.
The 2 trials that evaluated the effect of probiotic
therapy over an extended period required probi-
otics be started within 48 hours after initiation
of antibiotic therapy; one trial continued probi-
otics for 5 days after completion of antibiotics,
and the other for 7 days after completion.'®* In
both trials, CDI was statistically significantly re-
duced among adults using probiotics compared
with adults receiving placebo.

PROBIOTIC SAFETY

The FDA has not approved probiotics for the
prevention or treatment of any health prob-
lems. Most probiotics are FDA-regulated
as dietary supplements and do not have to
meet stringent drug-approval requirements.
The FDA has given many strains of common
probiotics the Generally Recognized as Safe
designation for use in commercially available
products and foods.*'** Probiotic use has not
been associated with significant AEs in clini-
cal trials and generally has been considered
safe in immunocompetent and otherwise
healthy persons.'>!” However, clinical trials
have been inadequate in reporting or investi-
gating AEs; the alternative for evaluating the
risks of probiotic therapy is case reports.***
Theoretical risks associated with probiotics
include sepsis, deleterious effects on normal
gut digestion, excessive immune stimulation,
and possible transfer of antimicrobial resis-
tance genes among microorganisms.?® Boyle
and colleagues further described a handful of
case reports of sepsis caused by probiotics in
immunocompromised individuals; the other
theoretical risks have not been reported out-
side animal studies.?

CDI RISK FACTORS

Many factors can increase a patient’s CDI risk.
Specific antibiotics (eg, ampicillin, amoxicillin,
cephalosporins, clindamycin, fluoroquinolones)
confer higher risk.?"*® Other factors include in-
flammatory bowel disease, organ transplanta-
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tion, chemotherapy, chronic kidney disease, and
immunodeficiency. Advanced age increases CDI
risk and can increase the severity of infection.
The evidence regarding acid suppression and
CDI risk is conflicting, though a recent meta-
analysis found that use of proton pump inhibi-
tors is associated with a 2-fold higher risk of
developing CDI.* Patient-specific risk factors
should be evaluated when the risk—benefit ratio
for probiotic use is being considered.

CONCLUSION

CDIs are becoming increasingly burdensome
to the health care system. More research is
needed on the role of probiotics in CDI pre-
vention in patients taking antibiotics. Given
the limited risk for AEs when probiotics are
used in immunocompetent patients and the
relatively low cost of these supplements, the
risks likely are outweighed by the postu-
lated benefits, and probiotics may be recom-
mended in select patient populations.

The PLACIDE trial found no benefit of
probiotics in preventing CDI in a population
similar to that of a typical US hospital or ambu-
latory setting, but its intervention allowed late
initiation of relatively low doses of probiotics.
Therefore, probiotics may be recommended for
CDI prevention in patients taking antibiotics,
especially patients at high risk for developing
CDI. When clinicians recommend probiotic
use in this setting, the probiotic should be initi-
ated within 2 days after the start of antibiotics
and should be continued for the duration of
antibiotic therapy and for up to 7 days after that
therapy is completed. Optimal probiotic dosing,
likely dependent on the product used, remains
unclear. PLACIDE trial results suggest that a
dosage of at least 1 probiotic capsule 2 times
daily may confer additional efficacy.
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