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When 70% of antibiotic users took a 3-strain Lactobacillus
probiotic preparation the hospital-wide rate of healthcare-
associated Clostridioides difficile infection improved signifi-
cantly. The incidence of C. difficile infection for those taking the
probiotic along with multiple antibiotics or a single high-risk
antibiotic was decreased by at least half.
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Antibiotics are a mainstay of hospital medicine but each ex-
posure causes changes to the patient’s intestinal microbiota
[1]. The use of multiple antibiotics compounds the risk of
Clostridioides (Clostridium) difficile infection (CDI) [2], which
can manifest as disabling diarrhea and be life threatening [3].
The majority of efforts undertaken by hospitals to avoid CDI
focus on 2 broad strategies: minimizing exposure to pathogens
(with environmental cleaning and patient isolation) and, min-
imizing susceptibility to infection (with fewer concurrent anti-
biotics or high-risk antibiotics) [3, 4]. Probiotics, formulations
comprising live microorganisms, offer another complementary
approach and aim to improve a patient’s defenses to CDI [5].
Pierre-Le Gardeur Hospital, in a suburb of Montreal, Quebec,
Canada, administers a 3-strain Lactobacillus probiotic to all adult
inpatients taking antibiotics, as part of their successful strategy
to lower the rate of healthcare-associated CDI (HA-CDI) [6, 7].
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When this hospital merged administratively with its neighbor,
the Centre Hospitalier Régional de Lanaudiére, a 335-bed com-
munity hospital with endemic CDI, new infection prevention
practices were instituted, including the probiotic prophylaxis.

METHODS

Study Setting

Starting in 2016, quinolone antibiotic use was greatly re-
stricted and azithromycin was replaced with doxycycline as
the principal treatment for community-acquired pneumonia.
One vyear later, on 16 October 2017, a clinical order set for
the 3-strain probiotic preparation was implemented hospital
wide, including in the palliative and intensive care units. Adult
inpatients prescribed >2 days of antibiotics were flagged to re-
ceive the probiotic daily within the first 24 hours. Eligible adults
took 1 capsule (adults aged <49 years) or 2 capsules (adult aged
>50 years) daily of a probiotic including Lactobacillus acidoph-
ilus CL1285, Lacticaseibacillus (Lactobacillus) casei LBC8OR,
and Lacticaseibacillus (Lactobacillus) rhamnosus CLR2 (Bio-K+
50 Billion [50 billion colony-forming units per capsule]; Bio-K
Plus International) throughout their antibiotic treatment course
and for 5 days after treatment ended [6, 8].

Outcome Measures and Analysis
Electronic pharmacy records were collected for all antibiotic or
probiotic prescriptions to adult inpatients treated at the hos-
pital from 16 October 2016 through 31 March 2019. Patients
with >3 loose stools per day and exhibiting signs of possible
CDI provided stool samples to the hospital’s microbiology lab-
oratory for C. difficile toxin A and toxin B testing with enzyme
immunoassay. HA-CDI cases were reported to the provincial
surveillance program if they occurred >48 hours after hospital
admission or within 4 weeks after discharge from the hospital
[9]. Recurrences occurred when clinical symptoms of CDI
emerged within 8 weeks after hospital discharge for a HA-CDI
case. The number of cases and patient-days were collected in
4-week periods, including 7 periods for spring through summer
(periods 1-7) and 6 for autumn through winter (periods 8-13).
The use of antibiotic classes that historically pose a high
risk for CDI was collected; these classes include quinolones
third-
generation cephalosporins (cefixime, cefotaxime, ceftazidime,

(ciprofloxacin, levofloxacin, and moxifloxacin),
and ceftriaxone), and carbapenems (ertapenem, imipenem,
and meropenem). Statistical comparisons between groups were
performed using discrete data in R statistical software (version
3.6.3; epitools, fmsb) though some results were also reported
as ratios or percentages. The presentation of results follows the

SQUIRE 2.0 publication guidelines [10].
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RESULTS

Patient Characteristics

Electronic pharmacy records were identified for 13 922 adult
inpatient visits at which antibiotics were prescribed, repre-
senting 4383 unique patients in the 12-month observation pe-
riod and 6079 patients in the 18-month intervention period.
Among those prescribed antibiotics, the proportions of patients
aged >70 years were consistent during the observation (2142
patients) and intervention (2995 patients) periods (both 49%).
There were significant changes to antibiotic prescribing prac-
tices. Quinolones were prescribed less frequently during the
intervention than during the observation period (odds ratio
[OR], 0.59, Table 1). The opposite trend was observed for third-
generation cephalosporins (OR, 2.1). The number of antibiotics
prescribed per visit was higher during the intervention (1.98
vs. 1.94; P = .009). There was a greater proportion of patients
taking an antibiotic that historically poses a high risk for devel-
opment of CDI during the intervention (OR, 1.2).

Primary and Recurrent CDI

The hospital-wide HA-CDI rate was significantly lower
during the intervention period than during the observation
period (5.2 vs 8.6 cases per 10 000 patient-days, respectively;
P =.002). The rate was significantly lower for the first spring/

summer and the second fall/winter of the intervention com-
pared with the preceding seasons (Figure 1). The proportion
of HA-CDI cases with recurrences was relatively stable (16
patients [19%] in the observation vs 13 [16%] in the inter-
vention period). A smaller proportion of the probiotic-treated
patients had recurrences (6 patients [13%] vs 7 [25%] in the
observation period), though this differences was not signifi-
cant (Supplementary Table 1).

Probiotic Exposure and Comparative CDI Incidence

The hospital pharmacy purchased and dispensed 122 000 cap-
sules of the probiotic to 4543 eligible adult antibiotic users for
5766 (70%) of the hospitalizations during the intervention pe-
riod. The probiotic capsules were generally well tolerated, and
no case of Lactobacillus bacteremia after probiotic use was
detected.

There were no exclusion criteria for use of the probiotic, but
there appears to have been a selection bias toward using the
probiotic in older adults and those with an increased antibi-
otic burden. The majority of patients receiving the probiotic,
2480 (54%), were aged >70 years. Patients in this age group
were given the probiotic more frequently, (OR, 2.0 [95% con-
fidence interval (CI), 1.8-2.3]). The probiotic was used more
frequently among patients taking quinolones, third-generation

Table 1.

Frequency of Exposure to Multiple antibiotics, a High-Risk Antibiotic, and the Probiotic Among Eligible Inpatients During the Observation and

Intervention periods and the Incidence of Healthcare-Associated Clostridioides difficile Infection

Interven- Intervention
Observation tion

Antibiotic Types During Hospitalization (All) (All) OR (95% Cl) No Probiotic Probiotic OR (95% Cl)
All patients using antibiotics, no. 5666 8266 2490 5776

All HA-CDI cases, no. (%) 84 (1.5) 73(0.9) 0.59 (.43-.81)° 28 (1.1) 45 (0.8) 0.69 (.43-1.11)
2+ Types

Patients, no. (%) 3294 (58) 4965 (60) 1.08 (1.01-1.16)° 1100 (44) 3865 (67) 2.6 (2.3-2.8°

HA-CDI cases, no. (%) 73(2.2) 61 (1.2) 0.55 (.39-.77)° 22 (2.0) 39 (1.0) 0.50 (.29-.85)°
3+ Types

Patients, no. (%) 1362 (24) 2190 (26) 1.14 (1.05-1.23) 269 (11) 1921 (26) 4.1 (3.6-4.7)°

HA-CDI cases, no. (%) 52 (3.8) 28 (1.3) 0.33(.21-52)° 8(3.0) 20 (1.0) 0.34 (.15-.79)*
4+ Types

Patients, no. 419 (7.4) 673 (8.1) 1.11 (.98-1.26) 53 (2.1) 620 (11) 5.5 (4.2-7.3)°

HA-CDI cases, no. (%) 32 (76) 11 (1.6) 0.20 (.10-.40) 4 (75) 7 (1.1) 0.14 (.04-.49)
Any quinolone

Patients, no. (%) 1334 (24) 1274 (15) 0.59 (.54-.64)° 281 (11) 993 (17) 1.6 (1.4-1.9)°

HA-CDI cases, no. (%) 33 (2.5) 13 (1.0) 0.41 (.21-.78)° 5(1.8) 8(0.8) 0.45 (.15-1.38)
Any 3rd-generation cephalosporin

Patients, no. (%) 849 (15) 2211 (27) 2.1(1.9-2.3° 372 (15) 1839 (32) 2.7 (2.4-3.0°

HA-CDI cases, no. (%) 22 (2.6) 25 (1.1) 0.43 (.24- 0.77)° 7 (1.9 18 (1.0) 0.52 (.21-1.24)
Any carbapenem

Patients, no. (%) 336 (6) 464 (6) 0.94 (.82-1.09) 95 (4) 369 (6) 1.7 (1.4-2.2)°

HA-CDI cases, no. (%) 17 (5.1) 8(1.7) 0.33 (.14-.77)° 3(3.2) 5(1.4) 0.42 (.10-1.79)
Any high-risk antibiotic

Patients, no. (%) 2277 (40) 3659 (44) 1.2 (1.1-1.3)* 720 (29) 2939 (561) 3.4 (3.1-3.8)°

HA-CDI cases, no. (%) 57 (2.5) 39 (1.1) 0.42 (.28-.63)" 13 (1.8) 26 (0.9) 0.49 (.28-.63)*

Abbreviations: Cl, confidence interval; HA-CDI, healthcare-associated Clostridioides difficile infection; OR, odds ratio.

Significant at P< .05. Rates and incidences were compared using Fisher exact tests in standard or modified 2-by-2 contingency tables.
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Figure 1. Hospital-wide rate of primary healthcare-associated Clostridioides
difficile (HA-CDI) cases (A) and recurrent CDI episodes (B) per 10 000 patient-days
(pt-days) for each semiannual period. The semiannual periods refer to hospital data
from the spring through summer [Periods 1-7] or from the autumn through winter
[Periods 8-13]. Error bars for simple proportion represent 35% confidence intervals
calculated with Fisher exact test. *P< .01 for hospital-wide rate of primary HA-CDI
cases versus 1 year earlier; TP< .01 for hospital-wide rate of primary HA-CDI cases
versus 1and 2 years earlier; $P < .01 for hospital-wide rate of first recurrent HA-CDI
cases versus 1 and 2 years earlier.

cephalosporin, or carbapenems (OR, 3.4) (Table 1). Those
taking the probiotic received more antibiotics per visit (2.16 on
average) than eligible patients who did not receive the probiotic
(1.57; P <.001). Most patients receiving multiple antibiotics
during the intervention were given a probiotic (OR, 2.6 [95%
CI, 2.3-2.8]; P < .001).

The incidence of HA-CDI among antibiotic users decreased
significantly during the intervention, compared with the obser-
vation period (0.9% vs 1.5%, respectively) (Table 1). Without
accounting for the differential risk of eligible patients, the in-
cidence of HA-CDI was similar for those taking the probiotic
(OR, 0.69). When riskier courses of antibiotics were prescribed,
the probiotic group fared better. Patients exposed to multiple
antibiotics per visit had a lower incidence of HA-CDI with the
probiotic (OR, 0.50). In particular, patients who received >4
types of antibiotic per visit had a remarkably lower incidence
of HA-CDI when taking the probiotic (OR, 0.14 [95% CI, .04-
.49]) (Supplementary Figure 1). There was a lower incidence of
HA-CDI overall during the intervention for patients taking a
quinolone (OR, 0.41), a third-generation cephalosporin (OR,
0.43), a carbapenem (OR, 0.33), or any of these high-risk

antibiotic classes (OR, 0.42). Patients receiving the probiotic
during the intervention with a high-risk antibiotic had a lower
incidence of HA-CDI than those who had not taken a probiotic
(OR, 0.49) (Table 1).

DISCUSSION

We found that using a pharmacy-driven protocol made it fea-
sible to safely implement this probiotic as an adjunct to anti-
biotics. The hospital-wide rate of HA-CDI improved by 39%
during the intervention relative to the observation period, con-
sistent with findings from other hospitals implementing this
6,7,11].

We attribute the high degree of implementation of the pro-

probiotic [

biotic to the hospital’s streamlining of this process to the hos-
pital pharmacy. Other hospital groups have been challenged in
reaching universal adherence to a probiotic guideline [11, 12];
70% of our eligible patients took the probiotic.

Policy changes to restrict quinolone prescribing started in
the observation period and continued through the interven-
tion. It’s unlikely that this shift in prescribing influenced the
CDI rates. As the use of quinolones decreased, third-generation
cephalosporin use increased. Each of these posed an equal risk
of HA-CDI during the observation period (2.5%), yet the inci-
dence of HA-CDI with each of these high-risk antibiotics users
was markedly decreased during the intervention (to 1.1%), sug-
gesting an impact from the probiotic intervention. External fac-
tors, like changes in community-acquired CDI rates, may have
also contributed to this improvement.

The incomplete implementation of the probiotic presented a
unique control group to estimate the efficacy of this probiotic
during the intervention. However, these comparison groups
were not equivalent. There were systematic biases wherein the
probiotic was given disproportionately to patients at elevated
risk of developing CDI: adults aged >70 years (OR, 2.0) and
those taking multiple (OR, 2.6) or high-risk (OR, 3.4) anti-
biotics. The vast majority of patients who received >3 anti-
biotics per visit during the intervention (1921 patients [88%]),
were given the probiotic. In light of the disparate use of the
probiotic, analyses were made within groups of patients with
equivalent types of antibiotics received per visit. The incidence
of CDI was cut by at least half when the probiotic was taken
with multiple antibiotics. Patients who took >1 high-risk anti-
biotic had a lower incidence of HA-CDI when taking the probi-
otic during the intervention (0.9%; OR, 0.49).

Antibiotics are the critical modifiable risk factor for HA-CDI,
but there are other important risk factors not considered in
these analyses, for example, the use of proton pump inhibi-
tors, antihistamines, and antacids [3]. Prescription records also
could not provide patient-level data on comorbid illness or
frailty, which are relevant to CDI risk. Future studies could use
a broader electronic database to confirm these findings.
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In conclusion, the experience in our this confirms the effec-
tiveness of this probiotic preparation for the primary preven-
tion of HA-CDI, as described in multiple controlled, clinical
studies. The incidence of HA-CDI was lower by at least half
for patients who took the 3-strain Lactobacillus probiotic with
multiple-antibiotic regimens or regimens that included high-
risk antibiotics.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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