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Clinical Impact of Probiotics among Patients
Receiving Antibiotics with a High Risk of
Acquiring Clostridium difficile Infection

Abstract

Importance: Despite recommendations not to routinely use probiotics for primary
prevention of Clostridium difficile infection (CDI) from Updated Practice Guidelines
for CDI in 2010 by the Society for Healthcare Epidemiology of America and the
Infectious Diseases Society of America, the use of probiotics remains common
among prescribers and patients. To our knowledge, there has been no analysis
conducted to evaluate the impact of probiotics on the primary prevention of CDI
among patients receiving antibiotics known to be associated with an increased
risk of CDI.

Objective: To determine whether patients who receive “high-risk” antibiotics
along with probiotics are at a decreased risk of developing CDI.

Design, setting, and participants: This was a retrospective cohort study including
adult patients admitted to Yale New Haven Hospital, Saint Raphael Campus,
between July 1, 2010 and December 31, 2010. Patients were excluded if they did
not receive high-risk antibiotic(s) for more than 5 days nor had a history of CDI.

Interventions: Eligible patients were then analyzed based on whether they had
received concomitant use of probiotics or antibiotics alone.

Main outcome(s) and measure(s): The primary outcome of the study was the
development of CDI within 90 days of high-risk antibiotic use.

Results: A total of 389 patients were included in the study. CDI occurred in 8.4%
(12/143) of patients who received concomitant probiotics as opposed to 3.3%
(8/246) that had CDI and received antibiotics alone with relative risk (RR) of
2.58 (95% Cl: 1.08, 6.16; p=0.033). A chi-square analysis identified statistically
significant differences in age (p<0.0001) and proton-pump inhibitor (PPI) utilization
(p=0.0088), but the imbalance between patients with and without probiotics was
removed after adjusting for the propensity score (p=0.1141).

Conclusion and relevance: We found that use of antibiotics along with probiotics
had a significantly higherincidence of CDIthan those who did not receive probiotics.
Our findings based on adjusted odds ratio do not support the recommendation of
the routine use of probiotics for the prevention of CDI. Other strategies such as
eliminating the unnecessary use of PPl should be applied to prevent CDI.
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Background

Clostridium difficile is the most commonly reported nosocomial
pathogen, accounting for12% of healthcare-associated infections
[1]. It is considered an avoidable cause of morbidity and mortality
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among hospitalized patients [2]. Incidence and severity of
Clostridium difficile infection (CDI) have risen substantially since
the early 1990s. In the United States, patients who develop CDI
in the hospital tend to have increased length of stay (LOS) with an
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estimated total cost for treatment exceeding $1.1 billion annually
[3]. Centers for Medicare and Medicaid Services (CMS) have
targeted CDI as one of its new quality measures for FY2017 [4].

Several approaches have been deployed to decrease rates
of CDI including promoting proper hand hygiene, developing
antimicrobial stewardship programs to control the unnecessary
use of antimicrobial agents, minimizing use of drugs known to
increase risk of CDI such as proton-pump inhibitors (PPI), [5] and
improving compliance with isolation precautions. Administering
probiotics concomitantly with antibiotic treatment has been
considered as a potential strategy for preventing CDI. There have
been a variety of studies that investigated the potential benefits of
using probiotics for either primary or secondary CDI prophylaxis;
however, the findings were inconclusive [6, 7]. According to the
Clinical Practice Guidelines for CDI in Adults: 2010 Update by the
Society for Healthcare Epidemiology of America (SHEA) and the
Infectious Diseases Society of America (IDSA), the administration of
probiotics is not recommended for the prevention of primary CDI
due to limited data and conflicting results. Nevertheless, the use
of probiotics remains common among prescribers and patients in
order to avoid CDI [8].

In addition to certain host factors associated with CDI, it was
found that antibiotics may inherently have different risks of
causing CDI [9]. These high-risk antibiotics include carbapenems
(imipenem-cilastin and meropenem), clindamycin, and third
generation cephalosporins (ceftazidime, cefpodoxime, and
ceftriaxone). Fluoroquinolones (FQs; ciprofloxacin, levofloxacin,
and moxifloxacin) have emerged as other potential offenders for
hospital acquired CDI [10]. The similar relative risks of specific
antibiotics were found in community-associated CDI [11]. To our
knowledge, there has been no analysis conducted to evaluate
the impact of probiotics on the primary prevention of CDl among
patients receiving such “high-risk” antibiotics. Our objective was
to evaluate the role of probiotics for primary prevention of CDI in
adult patients receiving antibiotics known to be associated with
an increased risk of CDI.

Methods

This was a retrospective cohort study evaluating the impact of
probiotic use on the primary prevention of CDI in adult patients (>
18 years old) admitted to Yale New Haven Hospital, Saint Raphael
Campus, a 551-bed teaching hospital, between July 1, 2010 and
December 31, 2010. Patients who did not receive any high-risk
antibiotic for more than 5 days nor had a history of CDI were
excluded from the review. The Computerized Physician Order
Entry (CPOE) system, QuadraMed®, was used to collect patient
information. Patients were identified for study inclusion if they had
a Charge Description Master (CDM) number for the following high-
risk antibiotics: ceftriaxone, ciprofloxacin, clindamycin, imipenem-
cilastin, levofloxacin, or meropenem.

Patients who had a CDM number for one of the high-risk
antibiotics were screened by electronic chart review to determine
(1) if the minimum duration of antibiotic therapy was achieved
(= 5 days) and (2) if the patient had prior history of CDI. Eligible
patients were then analyzed based on whether they had received
concomitant use of probiotics or antibiotics alone.

The following patient-level information was abstracted: age,
gender, race, presence of comorbid conditions (history of human
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immunodeficiency virus infection/acquired immune deficiency
syndrome (HIV/AIDS), underlying malignancy, gastrointestinal
disease, and cardiovascular disease). Information was also gathered
on high-risk antibiotic(s) use, results of C. difficile diagnostic tests
from the institution’s laboratory reports during their inpatient stay
as well as 90 days post antibiotic therapy [12, 13] type and duration
of probiotic use, use of a PPI, and baseline serum creatinine and
albumin levels. Pantoprazole was the formulary PPl and Lactobacillus
GG (Culturelle®) as well as Saccharomyces boulardii (Florastor®) was
the formulary probiotics agents available during the study period.

At the time of the study, the microbiology laboratory utilized an
enzyme immunoassay (EIA) to detect glutamate dehydrogenase
(GDH) for C. difficile antigen and toxin A and B production (C.
Diff Quik Check Complete®, TECHLAB, Inc.). Submitted stools
were rejected if well formed. If both C. difficile antigen and toxin
were positive, the test was considered positive and treatment of
CDI was indicated. Polymerase chain reaction (PCR) (Xpert® C.
difficile, Cepheid, Inc.) was used as the confirmatory test if there
was discordance between toxin and antigen testing (i.e., antigen
positive, toxin negative). If the result of PCR was negative, the
patient was deemed to be free of CDI.

The primary outcome of the study was the development of CDI
within 90 days of high-risk antibiotic use. This research proposal
was approved by our institution’s Investigational Review Board
(IRB).

Statistical Analysis

Discrete demographic variables were tabulated by the treatment
arm (i.e., probiotic use vs. antibiotics alone), and by the frequency
and the proportion of patients falling into each category.
Percentages given in the tables will be rounded and, therefore,
may not always sum up to 100%. Continuous variables were
summarized by the treatment arm using the mean and range
(min-max). All analyses were conducted using all available data
from patients who met the study inclusion criteria.

The magnitude of the difference in CDI incidence rates between
two treatment arms was captured using relative risk along its
95% confidence interval. A sensitivity analysis adjusting for the
propensity score was conducted to control for the selection
bias of the probiotic use. Propensity score was defined as the
conditional probability of receiving probiotics given a set of key
risk factors. The propensity score was estimated for each patient
using a multiple logistic regression model with stepwise selection
to evaluate the covariates of the PPl use, gender, age, levofloxacin,
ceftriaxone, ciprofloxacin, clindamycin, gastrointestinal disorder,
history of malignancy, serum creatinine, average level of albumin
and age. The stepwise selection procedure removed any
insignificant variables from the model before adding a significant
one to the model. The propensity scores were then ranked and
grouped into five strata. An adjusted relative risk was estimated
using a Cochran-Mantel-Haenszel (CMH) statistic with associated
95% Cl, stratified by five propensity score categories. All analyses
were carried out using SAS software Version 9.3 (SAS Institute,
Cary, NC, USA).

Results

In this study, 2,273 adult inpatients received at least one dose
of a high-risk antibiotic from July 1, 2010 to December 31, 2010.

This article is available in: http://digestive-diseases.imedpub.com/
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After excluding patients who had received fewer than 5 days
of high-risk antibiotic therapy as well as those with a history of
CDI, a total of 389 patients met the study inclusion criteria. Of
these, 143 patients received probiotics. In this study, 62.7% (244
out of 389) of the patients were female. Baseline characteristics
were balanced between patients with and without probiotics,
with the exception of age and the use of PPl (Table 1). Patients
who received probiotics concomitantly with high-risk antibiotics
were on average older than those who were given antibiotics
alone (80.3 vs. 73.34 years, respectively (p<0.05). In addition,
a significantly higher proportion of patients in probiotic group
had concurrent use of PPl than patients in antibiotic alone group
(57.3% vs. 43.5%, p<0.05).

Probiotics were prescribed less frequently for patients with
malignancy (20.98% vs. 27.24%), but more often for patients with
other underlying gastrointestinal disorder (24.48% vs. 22.76%).
The percentages of patients with baseline coronary artery
disease (CAD) were similar between the group utilizing probiotics
and that with antibiotic alone (36.11% vs. 34.29%).

Overall exposure to FQs, ceftriaxone, and clindamycin was
similar in the 2 groups. There was statistically significantly higher
usage of levofloxacin in probiotic group and higher usage of
ciprofloxacin in antibiotic alone group (Table 2). No patient who
received carbapenems during the study time period was included
in either group. A total of nine patients received more than one
high-risk antibiotic for 5 days or more. The average duration of
antibiotic use was slightly lower in the probiotics group (7.3 days
vs. 7.7 days) with 63.27 to 65.28% of patients receiving antibiotic
treatment for 5-7 days (Figure 1). The majority of patients in
the probiotic group received Lactobacillus GG, compared to
Saccharomyces boulardii (82.52% vs. 23.07%); 4.9% of patients
received both probiotics. Duration of either Lactobacillus GG or
Saccharomyces ranged from 1 day to 35 days, with most patients
(31.94%) receiving 5-7 days of probiotic therapy.

Overall, CDI was detected in 20 out of 389 (5.1%) patients within
90 days of high-risk antibiotic use. CDI occurred in 8.4% (12/143)
of patients who received concomitant probiotics as opposed to
3.3% (8/246) that had CDI and received antibiotics alone with
relative risk (RR) of 2.58 (95% Cl: 1.08, 6.16; p=0.033) (Table
3). Between these two groups, a chi-square analysis identified
statistically significant differences in age (p<0.0001) and PPI
utilization (p=0.0088). Using a multiple regression analysis to
account for the difference in age between the two groups, the RR
was trending towards significance at 2.55 (95%Cl: 0.99, 6.54). A
similar regression analysis was also conducted in order to account
for statistically significant difference in PPI utilization between
the groups, resulting in a similar RR of 2.46 (95% Cl: 0.97, 6.23).
When both age and use of PPl were included in the model, the
analysis yielded a RR of 2.32 (95% Cl: 0.90, 5.96).

When all demographic and baseline clinical characteristics were
included in the multiple logistic regression model, four covariates
were identified to be different between two groups at the
entry criterion of 0.1 in the stepwise selection procedure: age,
use of PPI, and use of both levofloxacin and ciprofloxacin. The
imbalance between patients with and without probiotics was
removed after adjusting for the propensity score (Table 4). The
sensitivity analysis adjusting for the propensity score yielded
a non-significant RR of 2.53 (95% Cl: 0.93, 6.94; p=0.1141).
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Discussion

The emergence of CDI has compelled clinicians and researchers
to identify any potential intervention to decrease the incidence
of both hospital as well as community associated CDI. Increasing
attention has been paid to the colonic microbiome with resultant
attempts to repopulate the gut with normal flora. Probiotics
are live microorganisms which are thought to be able to restore
the gut flora disrupted by antibiotic use, maintaining normal
carbohydrate metabolism and possibly competitively inhibiting
growth of pathogens [12]. Studies have demonstrated significant
benefit of utilizing different strains of probiotics in the reduction of
antibiotic-associated diarrhea (AAD) in pediatric population with no
major impact on CDI [13-16]. Our patient population differs from
those included in many of these studies. No pediatric patients were
included in this investigation; all of our study patients were adults
recruited from an urban US hospital. Isolation of C. difficile toxin
from stools of children may not have the same implications as in
adults, and studies have suggested that detection of C. difficile toxin
in the stools of children may not even necessarily be the cause of
diarrhea [17]. In addition, our study looked only at patients with
CDI, not antibiotic associated diarrhea and specifically focused on
those receiving high risk antibiotics where potential benefits of
probiotic prophylaxis should have been even more compelling.

The testing methods of CDI have evolved in the past decade. Our
study included utilized PCR testing for detection of C. difficile toxin.
This method was not developed until 2003 [18]. Utilizing this
technology, we may have detected more cases of CDI than prior
studies.

Overall, there is a lack of scientific evidence showing efficacy for
the use of probiotics for primary prevention of CDI. Owing to low
cost and rare occurrence of important adverse effects, probiotics
are frequently prescribed and utilized by patients, especially for
patients who received high-risk antibiotics [7]. To our knowledge,
this is the first study designed to evaluate the role of probiotics in
primary CDI prophylaxis for patients receiving antibiotics with an
increased risk of CDI. Given the focus of our study was on patients
who receive high risk antibiotics, if there is no benefit associated
with high risk antibiotics and probiotics, it is likely that probiotics
may not provide significant impact on low risk antibiotics.

We found that utilization of high-risk antibiotics (ceftriaxone,
ciprofloxacin, clindamycin, or levofloxacin) is associated with an
increased risk of CDI, which was not decreased by concomitant use
of probiotics. Documented risk factors based on published studies
for CDI including advanced age, the use of PPI, inflammatory
bowel disease, organ transplantation, chemotherapy, chronic
kidney disease, immunodeficiency, as well as low albumin
level were evaluated [19]. Differences were minimized after
potential biases (i.e., older age, the use of PPI, levofloxacin, and
ciprofloxacin) were adjusted based on statistic model.

There were no baseline characteristics other than age, use of
PPIs, and the use of levofloxacin versus ciprofloxacin that could
be identified between the two study groups as increasing risk for
CDI. Patients who received both antibiotic and probiotic were
significantly older than those who received antibiotics alone
80.41vs. 73.3 years (Table 1). The overall use of FQs (ciprofloxacin
and levofloxacin) was similar between the two groups. Although
levofloxacin was utilized more in the group with concomitant use
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Table 1. Demographic and clinical characteristics of patients who received a minimum of five days of treatment with a high-risk antibiotic, with or
without concomitant probiotic use.
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Table 2. The use of antibiotic therapy.
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Ciprofloxacin, n (%) 23.78% 36.99%
Clindamycin, n (%) 5 350% 4.88%
Imipenem-Cilastin, n (%) o0 000% 0 000%

705
% 65.28% 3 5000
60% '
505
405
305 25.69% 24.90%
20% 14.29%
11.11%
N .
0%
5-7 days 8-10days =10 days
m Probiotic group  m Antibiotic alone group
KFlgure 1 Duration of antibiotic therapy. J

of probiotics, in vitro studies have not shown that levofloxacin
promoted growth of C. difficile or increased toxin production
more than ciprofloxacin. Moxifloxacin, on the other hand, with
enhanced anti-anaerobic activity may have a greater propensity
to induce CDI than ciprofloxacin and levofloxacin [20]

The U.S. Food and Drug Administration (FDA) released a drug safety
communication in 2012 about PPl and their association with CDI
[5]. PPIs are known to increase gastric pH levels via selectively
and irreversibly inhibiting gastric hydrogen/potassium adenosine
triphosphatase (H+/K+-exchanging ATPase). This enzyme is part
of the ‘proton pump’ that performs the ultimate step in the acid
secretory process [21]. One of the mechanism of PPI associated
CDlI is that PPIs raise the pH of gastric contents, thus interfering
with the ability of gastric acid to kill C. difficile spores, leading to
germination and outgrowth of spores [22].

PPIs quickly became the third most used medication in the United
States shortly after the products became available over the
counter [23]. Growing evidences suggests that these medications
are being used in the absence of clear indications [24]. Although
the proper use of PPl was not evaluated in the current study, only
11% of patients in both groups had history of GERD while 43-57%
of patients were receiving PPIl. Reducing the use of these agents
should be considered as a control strategy for CDI in the future.

Patients with hypoalbuminemia (a serum albumin level of 2.5 g/
dL-3.0g/dL) [25, 26] have been shown to be at an increased risk of
contracting severe CDI, as well as those with a serum creatinine of
2.26 g/dL or greater. [27] Looking at patient demographics, there
was no significant difference between groups, thereby rejecting
the null hypothesis that there were inherent differences in risk to
develop CDI between the two groups.

Although differences were minimized after potential biases (i.e.,

© Under License of Creative Commons Attribution 3.0 License

older age, the use of PPI, levofloxacin, and ciprofloxacin) and were
adjusted based on a statistic model, it did raise an interesting
question as to whether there are any interactions among PPls,
probiotics, and CDI. In general, probiotics are resistant to gastric
acidity and reach high concentration level in gastrointestinal tract
in order to restore the gut flora. It has been hypothesized that by
creating a more neutral gastric pH, PPIs allow ingested bacteria
to survive and negatively impact normal gut microbiome [28].
They may also impact effects of probiotics, but more research is
needed to understand this process.

Probiotics should not be considered as risk-free agents, since cases
of probiotic-associated endocarditis as well as bacteremia have
been reported in the literature [29]. These types of infections
indicate the ability for probiotics to translocate. Translocation of
bacteria is caused by a defective intestinal barrier, gut prematurity,
or immunosuppression, which results in the transfer of bacteria
to other organs. This transfer of bacteria may further lead to
bacteremia, septicemia, and multi-organ failure [30]. Lactobacillus
rhamnosus (GG) was found to have the second highest rate of
isolation (22.9%) in a study of 241 cases of infection caused by
probiotics. Mortality rates from these Lactobacillus-associated
infections was found to be 29.1% (P=0.004) in a case series study
[29]. These infections have been associated with patients who have
received recent surgery, organ transplant, or have diabetes mellitus,
AIDS, or cancer [30].

At the time of the study, probiotics were prescribed based on
each provider’s clinical judgment without standardized protocol
resulting approximately $10,000 per year on probiotics. The
acquisition costs may be close to $30,000 a year if the decision was
made to give all patients receiving antibiotics with an increased
risk of CDI [30, 31]. This will result in significant expense without
a clear benefit based on the results of present study.

All probiotics were completely removed from our hospital
formulary in June 2013. We did not observe an increase of CDl in
2014. In fact, the rate of CDI decreased from 9.6 patients/10,000
patient-days in 2013 to 7.14 patients/10,000 patient-day in 2014,
although the impact of other initiatives and formulary changes
cannot be ruled out.

Our study had several limitations. This review was conducted
at a single center with retrospective study design. In comparing
the two groups, there were 72% more patients in the group
receiving antibiotics alone than the group receiving both
antibiotic and probiotic. Although propensity score approach was
implemented, the potential selection bias cannot be eliminated
completely. Lactobacillus G.G. and Saccharamyces boulardii
were the only 2 probiotic products included in the study. In
addition, we were only able to identify patient with CDI if the
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Table 3. Incidence of CDI with a minimum of five days of high-risk
antibiotic therapy, with or without concomitant probiotic use.

CDI while using PPI*, n (%) 10 (83.3) 4 (50)

* PPl prescribed was pantoprazole

Table 4. Balance of key demographic and baseline clinical characteristics
between two groups before and after propensity score adjustment.

0.0346

0.0071 0.5037
Gl disorder 0.7108

SCr

stool specimen was submitted to our hospital’s microbiology
laboratory. Our records also only indicated inpatient utilization
of antibiotics, probiotics, and PPIs, with the understanding that
controlling for confounding outpatient adherence as well as the
changes made at outpatient setting would be difficult to analyze
and interpret appropriately. Additionally, requiring included
patients to have received a minimum of five days of high-risk
antibiotic therapy may have excluded some patients who had CDI
after receiving those high-risk antibiotic agents for short courses
of empiric therapy. However, since the intent of this study was
to evaluate the impact of probiotics for patients who received
high-risk antibiotics for the treatment of documented infections,
we decided to exclude patients who did not receive high-risk
antibiotics for less than 5 days. Including patients who received
shorter courses of multiple, high-risk antibiotic would have made
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our results more difficult to analyze and interpret. During the six
months included in the chart review, no patient was identified to
have received either carbapenem investigated (imipenem-cilastin,
or meropenem) for five days or more without a history of CDI.
The use of all carbapenems was restricted to infectious disease
service as well as institutional antimicrobial stewardship team.
Imipenem-cilastin and meropenem were often used empirically
for patients who had a history of multiple drug resistant bacteria
and then deescalated to ertapenem if there was no evidence of
Pseudomonas infection. Concomitant use of antibiotics other
than high-risk antibiotics before streamlining should be evaluated
in the future study. Since FQs may carry higher risk of CDI than 3rd
generation cephalosporins and carbapenems, the findings of this
study could potentially be generalized to the broader population
due to the aforementioned clinical practices.

Conclusion

This study showed that patients receiving high-risk antibiotics
along with probiotics actually had a higher incidence of CDI
than those who did not receive a probiotic. The difference did
not achieve statistical significance once the propensity score
was applied to remove the potential bias. Our findings based on
adjusted odds ratio do not support the recommendation of the
routine use of probiotics for the prevention of CDI among patients
receiving high-risk antibiotics. With the recent outbreak and
emergence of the BI/NAP1 highly-resistant strain of C. difficile, it
is more important than ever to identify risk factors for CDI as well
as avoidable causes of CDI such as PPls and unnecessary use of
antibiotics. Additional research with larger patient populations,
uniform choice of probiotics and inclusion of broader classes
of antimicrobial therapy are needed. Studies also should be
powered to evaluate endpoints such as morbidity and mortality.
In the meantime, alternative strategies should be applied to
prevent CDI other than the use of prophylactic probiotics.
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