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Abstract

Title of Thesis: Probiotic Use for the Primary Prevention of Clostridioides difficile
infection

Emily L. Heil, PharmD, MS in Clinical Research Candidate, 2020

Thesis Committee Chair: Surbhi Leekha, MBBS, MPH; Associate Professor, Department
of Epidemiology and Public Health

Primary prevention of C. difficile infection (CDI) is a priority for hospitals and probiotics
have the potential to interfere with colonization and/or infection with C. difficile offering
an opportunity to enhance ongoing primary prevention strategies. The overall objective of
this study was to evaluate the impact of a hospital-wide computerized clinical decision
support system tool to prescribe probiotics to eligible adult patients receiving antibiotics
for the primary prevention of CDI. After implementation of the tool, the odds of CDI was
1.41 in eligible patients compared to the pre-intervention time period (aOR 1.41, 95% CI
1.11, 1.79). A propensity score matched analysis showed that patients who received
probiotics did not have lower rates of CDI compared to those who did not (OR 1.46, 95%
C10.87, 2.45). Based on these findings, the use of probiotics for the primary prevention of

CDl is not supported.
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Background and Significance:

Clostridioides difficile is a spore-forming, Gram-positive, anaerobic bacteria that can cause
life-threatening diarrhea and colitis and is considered an “Urgent Threat” by the Centers
for Disease Control and Prevention.! Over 450,000 infections and 15,000 deaths are
attributed annually to C. difficile and approximately 30% of patients treated for a primary
episode of C. difficile infection (CDI) experience a recurrence?™. C. difficile infections
increase patient and healthcare system costs through extended length of hospital stay, re-
hospitalizations, laboratory testing, and additional medications. Primary prevention of CDI
is challenging given that CDI occurs as a result of complex host, agent and environmental
factors. Despite many interventions CDI rates have not decreased to the degree of other
hospital-acquired infections and decreasing CDI rates remains a priority in many

institutions to improve patient and economic outcomes.

The human intestinal microbiota is an essential ‘organ’ that carries out multiple activities
ranging from catabolism and bioconversion of complex molecules to synthesis of a wide
range of compounds that can have an effect on both the microbiota and the host.® Disruption
of the beneficial functions of the microbiota can lead to disease, including CDI, and
intentional manipulation of the microbiota is an important area of research for novel

therapeutic targets.®

Alterations in gut microbiota, usually from antimicrobial therapy, play a key role in the
pathogenesis of CDI. Healthy adults are protected from C. difficile colonization and disease

by the colonization resistance conferred by their normal bacterial flora. Disturbances in



colonic flora by antimicrobials, acid suppressing medications and/or chemotherapy leads
to a loss of colonization resistance and thus the host becomes vulnerable to CDI and CDI
recurrences®. Unfortunately, when the microbiota is unable to restore resistance to

colonization by C. difficile, patients face increased risk of recurrent infection.

Probiotics are live microorganisms which when administered in adequate amounts confer
a health benefit on the host’. The rationale for probiotic administration to patients at high
risk for CDI is re-inoculation of the disturbed indigenous microbiota secondary to
antibiotic administration and emerging data that certain strains can inhibit binding of C.
difficile toxin to the intestinal brush boarder.® Utilization of probiotics therefore offers an

opportunity to enhance ongoing primary prevention strategies.

Multiple meta-analyses of randomized controlled trials have shown that ingestion of certain
probiotic strains during antibiotic therapy reduces the risk of antibiotic associated diarrhea
and C. difficile infection® 3. A probiotic formulation of Lactobacillus acidophilus CL1285,
Lactobacillus casei LBC80R, and Lactobacillus rhamnosus CLR2 (Bio-K+) was shown to
be safe and effective in decreasing rates of C. difficile at a community hospital in Quebec
during an outbreak of the C. difficile NAP1/027/BI strain'. A dose-ranging study found
that a dose of 100 billion colony forming units (CFU) of Bio-K+ was associated with a
lower incidence of CDI compared to placebo and a dose of 50 billion CFU™. Most recently,
a before and after study of Bio-K+ administration to eligible inpatients receiving antibiotics
at a tertiary-care medical center found a lower incidence of CDI in the second half of the

year of observation(IRR 0.8; 95% ClI, 0.5-1.1; P=0.13).



Optimizing the use of probiotics for primary CDI prevention in hospitalized patients
requires balancing safety and efficacy. Probiotics are not benign agents and particularly in
immunocompromised patients and/or patients with central venous access when the
products are manipulated can be associated with invasive infection.!” Timing is key with
probiotics when used for primary prevention of CDI with a decrement in efficacy for every
day of delay in starting probiotics, and maximal impact when probiotics are administered
within 2 days of antibiotic initiation.'® Therefore, a narrow window of probiotic eligible
patients at high risk for CDI exists and initiation of probiotics early in the antibiotic course
is essential. Utilization of a computerized clinical decision support system (CCDSS) based
tool built to alert prescribers for patients at high-risk for CDI without contraindications to
inpatient probiotic administration to order probiotics at the time of initial concomitant

antibiotic order could promote optimal use of this primary prevention strategy.

The standardized infection ratio (SIR) for CDI at the University of Maryland Medical
Center (UMMC) had decreased from 1.12 to 0.85 from fiscal year 2017 to fiscal year
2018 with the implementation of numerous interventions including antimicrobial
stewardship efforts focusing on fluoroquinolone reduction, improvement of the quality of
environmental cleaning , and efforts to reduce unnecessary testing (e.g., testing in the
presence of laxative use). Additionally, in October of 2018, the testing process changed
from DNA detection alone to a two-step reporting with DNA followed by toxin EIA.
Despite these interventions, the incidence of CDI at UMMC in early 2019 remained
above the national SIR target of 0.7 and at other hospitals within the University of

Maryland Medical System (UMMS). Of note, the SIR is a summary measure that adjusts



for facility and/or patient factors that contribute to HAI risk, and is used to track hospital-
acquired infections such as CDI at national, state and local levels over time.*® The goal of
this project is to pilot a guideline and CCDSS-based tool to facilitate probiotic utilization
for primary prevention of CDI at four medical centers in the University of Maryland

Medical System.

Methodology:

The overall objective of this study was to evaluate the impact of a hospital-wide guideline
and CCDSS-based tool to prescribe probiotics to eligible adult patients receiving
antibiotics for the primary prevention of Clostridiodes difficile infection. The first aim
was to evaluate the change in incidence of overall hospital-onset CDI before and after
CCDSS implementation, and the second aim was to evaluate change in hospital-onset
CDlI in patients eligible for probiotics before and after CCDSS implementation. A
subgroup analysis of post-intervention patients who received probiotics was also

performed.

Intervention: A “best practice alert” (BPA) was built in the EPIC electronic medical record
(EPIC Systems Corporation, Verona, WI) and launched at the four included UMMS
hospitals in May of 2019. The BPA prompted prescribers to order probiotic capsules (Bio-
K+, Laval, Quebec, Canada) containing 100 billion CFUs of probiotic (L. acidophilus, L.
casei, L. rhamnosus) for qualifying patients at the time of initial qualifying systemic
antibiotic prescription. Qualifying patients were inpatients at increased risk of CDI due to
age greater than 50 years, initiation of select systemic antibiotic therapy with an anticipated

antibiotic need of greater than 48 hours (Appendix 1) and able to take medications by
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mouth. Antibiotics selected were those that are systemically absorbed and known to be
associated with higher risk of CDI. Antibiotics with minimal association with CDI (e.g.,
linezolid) or minimal systemic absorption (e.g., nitrofurantoin) were excluded. To ensure
safety of the intervention, the BPA was designed to not fire on patients at higher risk of
adverse effects, namely invasive infection, secondary to probiotic administration.
Therefore the BPA excluded patients if their problem or medication list included acute
colitis, ileus or perforation; ileostomy; patients with known, severe acute pancreatitis;
severe neutropenia (ANC <500); active chemotherapy; active mucositis; bone marrow or
solid organ transplant; other immunosuppression including high-dose steroids or biologics;
and active NPO orders. Additionally, the BPA did not fire on patients located in oncology
and transplant units in Hospital 1 and in the intensive care unit at Hospital 3. The BPA
was built to make the ordering of probiotics easy for providers with only “2-clicks” from
the BPA to complete the order. The BPA was also designed to optimize timing of probiotics

by coordinating probiotic initiation with the initiation of the qualifying antibiotic.

Figure 1: CCDSS Best Practice Alert to Promote Ordering of Probiotics for Primary
Prevention of CDI

(@ This patient has a first time order for an antibiotic and meets criteria for probiotic use for CDiff prevention

S This patient has a first time order for an antibiotic and meets
” i criteria for probiotic use for Cdiff prevention if you anticipate
i 4 ‘I ‘ antibiotic treatment for =48 hours. Notable exclusions to probiotic
i{ 4 ] therapy: Acute colitis, ileostomy, severe pancreatitis, active

< \ .‘_-Aﬂ‘- : mucositis, active chemotherapy, severe neutropenia, and patients
P 3 who are unable to swallow capsules whole
Click here to provide feedback on this alert

Last NEUTROABS, collected/resulted: DD/MM/YYYY = Result value

“ Do Not Ordar i;:zr:bacﬂlus acidophilusicaseilrhamnosus (BI0O-K+) 50 billion CFU

Acknowledge Reason

Will discuss with other providers  Not applicable (comment)

Additionally, clinical pharmacists reviewed antibiotic orders to support probiotic

prescription in appropriate patients along with periodic compliance assessments made by



the antimicrobial stewardship team. The corresponding guideline for the BPA aims for the
3-strain probiotic mixture to be initiated within 12 hours of the initial antibiotic dose,
continued daily during the patient’s antibiotic course and for 5 days after the final dose of
antibiotic (appendix 2). Patients who are discharged prior to the completion of their
antibiotic and probiotic courses could be provided with a prescription for Bio-K+ at
discharge. Education regarding the guidelines and BPA was provided to prescribers and
pharmacists prior to launch at the four participating hospitals. Education was also provided
to nursing to ensure probiotics were administered safely without capsule manipulation and

proper hand hygiene before and after administration.

A brief overview of the study aims can be found in Table 1 on the following page.



Table 1: Study Methodology Overview

Aim Patient Design Outcomes Measured Analytic
Population Method
1: Evaluate change in incidence of hospital-onset CDI before and after the probiotics
intervention among all hospitalized patients
la. Change in Quasi-
SIR as reported to | All hospitalized experimental % change in SIR Descriptive
CDC/ NHSN patients at the P
L before and —

. four participating CDl incidence level Interrupted
1b. Change in hospital after . .
CDI incidence ospitals evaluation change and slope time series

change analysis

2. Patient-level ana
intervention

lysis of change in hospital-onset CDI

before and after the probiotics

2a. CDl incidence | Hospitalized CDl incidence before
among patients patients >50 and after CCDSS Chi-square
eligible for years of age Quasi- implementation in test
probiotics receiving a experimental | qualifying patients
qualifying study of
2. al. Adjust antibiotic with a | patients CDI incidence before
incidence for length of stay >2 | eligible for and after CCDSS oo
. ) e . . Multivariabl
covariates days in the pre- | probiotic implementation e analvsis
associated with and post- administration | adjusted for y
CDI intervention before and confounders
periods after
Hospitalized implementatio | , . .
2. a2. Quantify patients where n of the v(‘/’hz];:mguéprﬁt'ems
adherence to the CCDSS BPA | CCDSS resulted in a orobiotic Descriptive
CCDSS BPA “fired’ during P
. order
their stay
2b. CDI incidence Hospitalized Quasi- CDI incidence by
among patients . pnt S50 experimental | receipt of probiotics Propensity
who received pZar"es Osf a0e study of adjusted for score
probiotics versus ?/eceivin g patients covariates impacting | matching of
those who did not VIng eligible for probiotic prescription | groups and
qualifying o .
2 bl. CDI AT probiotic . Chi-square
. antibiotic with a L CDI incidence by
incidence by PCR administration X test
testing length of stay >2 after PCR testing
2 b2. CDI _days n the post- implementatio I Chi-square
T intervention CDl incidence by ) ,
incidence by eriod n of the toxin testin or Fisher’s
toxin testing P CCDSS g exact test
All hospitalized | Retrospective
- . review of all e
patients in the hospitalized Quantification of
post-intervention P . number of blood
2c. Evaluate . . patients with -
period with a cultures positive for -
safety of the culture of - Descriptive
2 blood culture X . Lactobacillus spp.
probiotics - interest in the .
positive for ost- attributable to use of
Lactobacillus ipntervention probiotics
SPp. period




Table 1 Continued
3. Evaluate cost implications of probiotics intervention
3a. Quantify costs Financial
of Bio-K+ during | McKesson evaluation of | Amount spent on
the post- Pharmacy intervention probiotics (Bio-K+) Descriptive
intervention Purchasing Data | costs and dispensed
period potential cost
3b. Quantify avoidance Financial penalty
HSCRC penalty Maryland benefits in the | change
changes based on | HSCRC QBR post- (increase/decrease) Descriptive
SIR changes reporting records | intervention based on QBR
period performance

Aim 1: To evaluate CDI Rates for All Patients Before and After Implementation of
Probiotics

Study design: This was a quasi-experimental before-and-after study at four hospitals in the
University of Maryland Medical System. A 13-month baseline period (April 1, 2018-April
30, 2019) and a 13-month intervention period (June 1, 2019-June 30, 2020) was assessed
including a 1-month run-in period (May 2019) during the implementation of the probiotic

guideline and CCDSS tool.

Measures:

1a) Laboratory identified C. difficile infections have been required for public reporting
since July 1, 2013 through the Center for Disease Control and Prevention (CDC) National
Healthcare Safety Network (NHSN) and used for Maryland hospital quality-based
reimbursement by the Maryland Health Service Cost Review Center (HSCRC).2° The
NHSN defines hospital-onset CDI as a positive laboratory test result for C. difficile toxin
A and/or toxin B or any detecting of toxin-producing C. difficile organisms by culture or
other laboratory means on an unformed stool specimen that conforms to the container after

4 or more days of the patient’s hospital stay.?! Incidence is used to determine the SIR, that



is, the ratio of observed cases compared to predicted cases. The number of predicted cases
is calculated by the CDC using a negative binomial regression model. The number of
predicted events is risk adjusted for inpatient community-onset prevalence rate, medical
school affiliation, number of ICU beds, total number of inpatient beds, facility type,
reporting from an Emergency Department (ED) or 24-hour observation unit and CDI test
type.1°

1b) The incidence rate of total reportable hospital-onset CDI in all inpatients in the pre-
and post-intervention periods was assessed. CDI incidence was defined as the number of
hospital-onset CDI cases divided by the patient census per quarter and was calculated for
each individual hospital and an aggregate of the four hospitals combined. CDI incidence
rate was reported as CDI cases per 10,000 patient days and did not include any of the risk
adjustment that the SIR does. Due to the change to a two-step testing process mid-way
through the pre-intervention period, DNA positivity via PCR testing was the primary

outcome for CDI and was counted regardless of the results of the toxin EIA.

Data collection:

1a) Quarterly data reported to the CDC/NHSN on hospital-onset CDI for the four hospitals
was retrieved from CDC/NHSN database for April 2018 through June of 2020. This data
included the total number of hospital-onset CDI cases, the corresponding patient census
for the quarter, the expected number of CDI cases and the calculated SIR.

1b) The CDC/NHSN reported number of hospital-onset CDI cases and patient census was
used to calculate the rate of hospital-onset CDI per quarter for the four hospitals

individually and in aggregate.



Analysis:

1a) The difference in SIR in the pre- and post-intervention periods was calculated as a
percentage change.

1b) Interrupted time series (ITS) analysis was conducted using segmented regression to
compare overall hospital-onset CDI incidence in the post- and pre-implementation
periods for the four individual hospitals individually and in aggregate using ordinary least
squares regression. Level change after the implementation of the CCDSS was evaluated
along with slope change between the two time period. The following model was used:

Yt = Bot Br*time; + B2*implementation + Bz*time after implementation: + &,
where Ytis the CDI incidence in quarter t, with t taking values from 1 (for April 2018) to
9 (for April 2020). Bo: intercept and the slope B1: average quarterly change in the CDI
incidence before the implementation. 2: the immediate effect of the implementation (i.e.,
the change in level of the CDI incidence immediately after the implementation). Bs: the
changes in the slope of the quarterly CDI incidence after the implementation, compared
to the slope B1 for the segment before the implementation. The variable implementation is
0 before July 2019 and 1 for observations on or after July 2019. The variable time after
implementation measured the time units after the implementation; it was 0 for April 2018
to April 2019 and took values 1 to 4 for the quarters from July 2019 to April 2020.

Level (immediate) change after the implementation of the CCDSS was not expected to
be attributable to the intervention whereas a decrease in slope (gradual) between the two
time periods would support the potential improvement in rates due to the intervention.

Since the ordinary least squares regression was applied in time series data, the regression
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model was augmented with an autoregressive model for random error to solve the
violation of the independent errors assumption. We used the following autoregressive
error model of order k:

Yt = Bot B1*time; + Bo*implementation + Bs*time after implementation: + w,

Vi=Y1Vt-1— Y2Vt-2 — Y3Vt-3 — ...... — Yk Vi-k T &,

where & ~ IN(0,6%). The Yule-Walker method was used to perform the stepwise
autoregressive process and then select the correct order of the autoregressive error model.
Each model fit with autocorrelation was assessed using the white noise probability plot,
autocorrelation functions (ACF) plot, and partial ACF plot.

All statistical analyses were done using SAS Version 9.4 (SAS Institute, Inc. Cary, NC).

Aim 2: Patient-level analysis of change in hospital-onset CDI before and after the
probiotics intervention

Study design:

2a) We sought to describe the change in hospital-onset CDI in patients who would have
qualified for the probiotic intervention in the post-intervention period through a quasi-
experimental study of patients eligible for the CCDSS intervention in the pre- and post-
intervention periods.

2b) To conduct a patient-level analysis of the association between probiotic use and CDI,
we conducted a cohort study of eligible patients who received probiotics versus eligible
patients who did not receive probiotics in the post-intervention time period with propensity
score matching to account for potential differences in patients who were prescribed

probiotics.
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2¢) Safety of probiotics was assessed through an evaluation of all blood cultures positive

for Lactobacillus spp. during the post-intervention time period

Participants: Patients in the pre- and post-intervention periods who were eligible to receive
probiotics based on the BPA (e.g., age >50 years, on one of the included units, receiving
an eligible antibiotic and admitted for >2 days) were included. For aim 2b, only patients in
the post-intervention period were included (June 2019-June 2020). The safety population
was an assessment of all hospitalized patients with blood cultures positive for Lactobacillus

spp. in the post-intervention time period.

Measures:

2a) CDI Rates by CDI PCR in Patients Eligible for the BPA Based on Age and Antibiotics
The incidence of hospital-onset CDI among patients who would have qualified for
probiotics in the post-intervention period based on age greater than 50 years and receipt of
a qualifying antibiotic in the pre-period was compared to the post-period. CDI was defined
as patients with a positive C. difficile toxin gene DNA assay on stool test sent due to clinical
suspicion of CDI. Since the testing process changed to two-step in the middle of the pre-
intervention period, we used DNA positivity for the outcome and counted these as positive
regardless of the results of the toxin EIA. As a balance measure, we evaluated potential
change in C. difficile testing intensity by comparing the frequency at which patients were

tested hospital wide in the pre and post-periods.
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2.al) CCDSS BPA Adherence. A secondary outcome was to assess the adherence to the
probiotic guideline. Adherence to the probiotic guideline was assessed through the CCDSS
tool identifying how often the best-practice alert resulted in a probiotic order in eligible

patients.

2b) CDI PCR Positivity Rate in Patients who Received Probiotics. The primary outcome
was to evaluate if probiotic receipt has a protective effect on the risk of CDI by measuring
incidence of CDI in patients who received probiotics compared to those who did not. As
only patients in the post-intervention time period were included in this part of the analysis,

CDI was assessed as both CDI PCR positivity and separately as CDI toxin positivity.

2¢) Probiotic Safety. Safety was assessed through a review of all positive blood cultures
from the microbiology laboratory across the 4 hospitals for cases of invasive Lactobacillus
spp. infections in the post-intervention time period. Charts were reviewed to determine if
patients had received probiotics during the index admission with the positive culture or in
the three months prior to hospital admission. Medical notes were reviewed to determine if
the culture was deemed clinically significant or contamination by the patient’s care team

and if any treatment was received.

Data collection:

2a) Data was abstracted from the Clinical Data Repository (CDR) and validation of data
from 100 charts (across all sites) was done. For the primary outcome of CDI, laboratory

results for any C. difficile tests performed at the UMMC microbiology laboratory (which
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performs testing for all included hospitals) including test type (e.g., DNA PCR, toxin EIA)
and corresponding results were gathered. To assess patients who were eligible for probiotic
administration in the two study periods, a listing of patients over the age of 50 years who
received one of the qualifying antibiotics (appendix 1) and had a hospital length of stay of
at least 2 days was obtained. Covariates for these patients included demographic data,
hospital (e.g., Hospital 1, 2, 3 or 4), hospital unit at time of qualifying antibiotic
prescription, all antibiotics prescribed during hospital stay, any proton pump inhibitors
(PPIs) or H2 antagonists prescribed during the hospital stay, International Classification of
Diseases, 10" Revision (ICD-10) codes, all patient refined diagnosis related groups (APR-
DRGs) for severity of illness (i.e., the extent of physiologic decompensation or organ
system loss of function) and risk of mortality (i.e., likelihood of dying)??, hospital length
of stay and patient disposition. Elixhauser comorbidity indices were calculated from the
ICD-10 data.?® Hospital units were grouped into medical/surgical floors, intermediate care
units (IMC), intensive care units (ICU), emergency department (ED), peri-operative areas
and operating room (OR), cancer or transplant units, and other. Antibiotics received were
categorized into four classes: CDI high risk (clindamycin, third generation cephalosporins,
fluoroquinolones), carbapenems (imipenem/cilastatin, meropenem, ertapenem), other
broad-spectrum beta-lactams (piperacillin/tazobactam, cefepime, ceftaroline, aztreonam,
ceftazidime/avibactam, ceftolozane/tazobactam) and narrow spectrum beta-lactams
(cefoxitin, amoxicillin/clavulanate, ampicillin/sulbactam, cefazolin, cephalexin).

2al) A report of unique firings of the CCDSS BPA was obtained from Epic to evaluate
adherence to the BPA. The report included each firing of the BPA along with action taken

by the prescriber and any corresponding probiotic orders.
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2b) Analysis for aim 2b used the same data from 2a above.

2¢) A report of all blood cultures from the UMMC microbiology laboratory (which
provides microbiology laboratory services for all included hospitals) positive for
Lactobacillus spp. during the post-intervention time period was used to conduct chart
review to determine if the patients had received probiotics during the index hospital stay

or in the preceding 90 days.

Analysis:

2a) For the evaluation of patients who would have qualified for probiotics, quantitative
variables were expressed as mean + standard deviation (SD) or median and interquartile
range (IQR), as appropriate and categorical variables were expressed as
frequency/proportion. Descriptive statistics were used to summarize patient demographic
and clinical characteristics. Bivariate associations between patient characteristics and time
period (exposure) and between patient characteristics and CDI (outcome) were measured
using Chi-square test, Fisher’s exact test and Wilcoxon rank-sum test. Due to the large
sample size, Cliff’s delta and Cramer’s V were computed to evaluate the significance of
differences in the pre- and post-intervention characteristics. Cramer’s V is a statistical test
to measure effect size of categorical variables to show the magnitude of effect as the
significance test (Chi-square) does not tell the degree of effect. A Cramer’s V of <0.10
with 1 degree of freedom is considered a small effect size.?* Similarly, Cliff’s Delta is a
non-parametric effect size measure that quantifies that amount of differences where
|d|<0.147 is considered a negligible effect and |d|<0.33 a small effect.?® Multivariable

analysis was done to evaluate the association between the primary exposure (study period)
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and outcome (CDI) adjusting for potential confounding variables. For the multivariable
regression models, covariates were considered statistically significant at the P<0.10 level
in univariable analysis or if determined to be clinically important. Covariates considered
for model inclusion were patient demographics (age, sex), hospital location and unit at time
of antibiotic prescription, antibiotic grouping, severity of illness indications (APR DRG
SOI, APR DRG ROM), Elixhauser co-morbidity score, hospital length of stay and receipt
of PPIs. Correlation coefficients (greater than .70) were used to identify multicollinearity
between pairs of covariates. The results of the logistic regression analyses are reported as
odds ratios (OR) with 95% confidence intervals (CI). The Hosmer-Lemeshow test and the
area under the receiver operating characteristics (ROC) curve were used to assure goodness

of fit and discriminatory power of the constructed model.

2b) The association between the primary exposure (receipt of probiotics) and outcome
(CDI by CDI PCR) was evaluated. To account for differences in patients who received
probiotics versus those who did not, a propensity score (PS) matching method was applied.
The propensity score was performed using variables that may influence prescription of
probiotics for patients and risk factors for CDI by using ordinary logistic regression.
Variables thought to influence likelihood of probiotic prescription and included in the
propensity score were hospital location and hospital unit at time of antibiotic order, age,
sex, Elixhauser score, APR DRG SOI and antibiotic class. Additional variables that may
impact risk of CDI included receipt of a PPI or H2 antagonist, and hospital length of stay.
To form matched sets of patients who did and did not receive probiotics who share a similar

propensity score optimal one-to-one matching using the logit of the propensity score (PS)
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with 0.3 caliper width as the matching metric was conducted.?® Matching was performed
without replacement. To assess the performance of the PS model in discriminating between
patients who received probiotics and those who did not, the absolute standardized
differences were used to evaluate covariate balances. Although no universal threshold
exists, a goal of <10% for the absolute standardized difference indicates good balance.
Plots of standardized differences of means provided a visual inspection of the balance
between covariates. Another balance diagnostic used was the covariate variance between
the probiotics and no-probiotics group with a value close to 1 indicating good balance on
the covariate, and values <0.5 or >2 indicating far imbalance. Once the PS matching
completed acceptably balanced groups, relative risk of the effects of probiotics (exposure)
on CDI by PCR testing (outcome) was calculated. The number of patients with CDI toxin
testing was small, therefore bivariate analysis was done to evaluate for any associations
between patient characteristics and CDI by toxin testing and were measured using Chi-
square or Fisher’s exact test and Wilcoxon rank-sum test. Analyses were performed with

SAS version 9.4 (SAS Institute, Cary, NC).

Aim 3 Cost Impact of the Intervention
Third, we assessed cost implications of the guideline by collecting expenditures on
probiotics in the post-period utilizing pharmacy purchase data and Maryland HSCRC lost

revenue secondary to CDI in the pre-period and post-period.
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Results

Four hospitals from the University of Maryland Medical System were included in the

study. A description of the hospital characteristics can be found in Table 2.

Table 2: Participating Hospital Characteristics

Hospital Hospital-Type Bed Size | Other Comments
1 Tertiary Academic 757 >150 ICU beds, Cancer
Medical Center Center including bone
marrow transplant, and large
transplant service
2 Community teaching 179 18 ICU beds
hospital
3 Community teaching 285 Cancer center, 36 ICU beds
hospital
4 Rehabilitation and 137 Traumatic brain injury, spinal
Orthopedic hospital cord and stroke rehab with
many same-day/short-stay
orthopedic surgeries
Aim 1

CDI Rates for All Patients Before and After Implementation of Probiotics

1a. The SIR of hospital-onset CDI reported to the CDC NHSN in the post-intervention

periods decreased across all 4 hospitals compared to the pre-intervention period (Table

3).

Table 3: Hospital-onset C. difficile Infection SIRs for the four participating hospitals

pre-intervention and post-intervention

Facility SIR for Pre- SIR for Post- % Improvement in
Intervention Period | Intervention Period | SIR

1 0.63 0.40 -36.2%

2 0.59 0.28 -52.3%

3 0.79 0.25 -67.8%

4 1.50 1.27 -15.4%
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1b. When evaluating CDI incidence for all hospitalized patients, there was a pre-
intervention decrease in CDI per 10 000 patient days with a significant immediate level
change, however, the incidence of CDI per 10 000 patient days significantly increased
again after the implementation (change in slope 1.4 cases per 10 000 patient days per
quarter, p=0.001). Evaluating CDI rates by quarter using segmented regression, hospital 1
had a significant pre-intervention trend with the incidence of CDI decreasing by 1.3 per
10,000 patient-days per quarter (p=0.003). There was a non-significant level decrease
after the implementation of probiotics; however, the incidence of CDI per 10 000 patient-
days significantly increased overall after the implementation (from -1.3 to 0.7, change in
slope 2.0 incidences per quarter (p=0.005). Hospital 2’s results estimate a significant pre-
intervention trend with the incidence of CDI per 10 000 patient-days decreasing by 1.2
incidences per quarter (p=0.03). There was a non-significant level change and slope
change after the implementation of probiotics. The incidence of CDI per 10 000 patient-
days at Hospital 3 had a significant immediate (level change, 6.8 lower) effect but no
sustained (slope change) effect after the intervention. The incidence of CDI per 10000
patient days at Hospital 4 had no immediate (level change) or sustained (slope change)

effects in the post-intervention period (Table 4, Figure 2).
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Figure 2. Changes in the incidence of CDI per 10 000 patient-days after the
implementation of the CCDSS

Hospital 1

%]

Incidence of CODI per 10000
patient-days
=

i
i
0 I
i
18-Apr 18-Jul 18-0ct 19-Jan 19-Apr 19-Jul 19-Oct 20-Jan 20-Apr

Year-Month(Quarter)

o Observed values - - ---— Observed series values
Predicted mean (trend) O Band for predicted trend

Hospital 2

Incidence of COI per10 000
patient-days

-2

L = = = = = =

18-Apr 18-Jul 18-Oct 19-Jan 19-Apr 19-Jul 19-Oct 20-Jan 20-Apr
Year-Manth{Quarter)

o Cbserved values - ---- COhbserved series values
Predicted mean (trend) O Band for predicted trend

20



Hospital 3

= g
=

(o]

(=]

— [
T2
]
o= 4-
OE
52
SR 2
w B2

—

[ak)

= 0 -
[ &}

=

-2 h

T T T T T f T T T
18-Apr 18-Jul 18-Oct 13-Jan 19-Apr 19-Jul 19-Oct 20-Jan 20-Apr

Year-Month{Quarter)

o Cbserved values - ---- Observed series values
Predicted mean (trend) O Band for predizted trend

Hospital 4
6 -
=
=
(=]
=2 4 -
2g
=l
or 24
5 2
23
g 07
=
[ 5]
=
2 4 !

T T T T T l T T T
18-Apr 18-Jul 18-Oct 19-Jan 18-Apr 19-Jul 19-Oct 20-Jan 20-Apr

Year-Month(Quarter)

o Observed values - - - - - Observed series values
Predicted mean (trend) O Band for predicted trend

All Hospitals Combined

& -

Incidence of COIl per 10000
patient-days

o i

T T T T T I T T T
18-Apr 18-Jul 18-Oct 19-Jan 19-Apr 19-Jul 19-Oct 20-Jan 20-Apr
Year-Month{Quarter)

o Cbserved values - ---— Observed series values

Predicted mean (trend) O Band for predicted trend

21



Table 4. Changes in the incidence of CDI per 10 000 patient-days after the

implementation

Hospital Trend in | p value | Level change p Change in | p value
the pre-INT inthe INT | value slope

(95% CI) (95% CI) (95% CI)

1 -1.3 0.003 -0.55 0.64 2.0 0.005
(-1.9, -0.8) (-3.3,2.3) (0.8, 3.1)

2 -1.2 0.03 0.4 0.84 1.4 0.10
(-2.3,-0.2) (-4.5,5.3) (-0.4, 3.3)

3 -0.02 0.96 -6.8 0.008 0.8 0.23
(-0.9,0.9) (-10.8, -2.7) (-0.7, 2.4)

4 0.4 0.42 -2.0 0.36 0.09 0.91
(-0.7, 1.6) (-7.2,3.3) (-1.8,2.1)

All -0.8 0.001 -1.9 0.02 1.4 0.001
(-1.0, -0.6) (-3.2,-0.6) (0.9,1.9)

Aim 2

2a) CDI Rates by CDI PCR in Patients Eligible for the BPA Based on Age and

Antibiotics

Focusing on patients eligible for the BPA based on age >50 and qualifying antibiotic and

assessing CDI by CDI PCR positivity, there were 17,536 patients in the pre-intervention

group and 15,023 in the post-intervention group. Baseline characteristics between the two

groups are listed in Table 5. Patients in the post-intervention group were older, had a

higher median APR DRG risk of mortality score and were less likely to have received a

PPI and less likely to have had a C. difficile test sent compared to the pre-intervention

group although these differences had negligible to small effect sizes are unlikely to be

clinically important.
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Table 5: Differences in Baseline Characteristics of Patients Eligible for Probiotic

Administration in the pre-intervention and post-intervention periods

Characteristic Pre- Post- P-value | Effect
Intervention Intervention Size
(n=17536) (n=15023)
Age (years), median (IQR) 64 (58, 73) 65 (58, 74) <0.0001 gﬁgggible
11°S
delta=-0.03
Male, n(%) 9393 (53.6) 8204 (54.6) 0.093 SfTaltl
errec
Cramer’s
V=0.01
Length of stay (days), median 4 (1,9) 4 (1,10) 0.5
(IQR)
Elixhauser Score, median (IQR) 4 (2, 6) 4 (2, 6) 0.2
APR DRG Severity of IlIness, 32,4 3(2,4) 0.5
median (IQR)
APR DRG Risk of Mortality, 3(2,3) 3(2,4) <0.0001 Elﬁgggible
. 1IT°S
median (IQR) delta=-0.03
Received Probiotics, n(%) 8 (0.05) 2489 (16.6) <0.0001
Received Proton Pump Inhibitors, n | 5991 (34.5) 4632 (31.2) <0.0001 | Small
(%) effect
Cramer’s
V=-0.04
NPO, n(%) 8547 (48.7) 7272 (48.4) 0.5
Hospital, n(%) 0.0012
o 1 10797 (61.6) 9016 (60)
o 2 2422 (13.8) 2134 (14.2)
e 3 2759 (15.7) 2586 (17.2)
o 4 1558 (8.9) 1287 (8.6)
Unit n(%) 0.0043 | Small
e Floor 3074 (17.5) 2819 (18.8) ecffect,
e IMC 695 (4) 530 (3.5) Vo002
e ICU 2484 (14.2) 2236 (14.9)
e ED 4496 (25.6) 3808 (25.4)
e OR 1624 (9.3) 1363 (9.1)
731 (4.2) 643 (4.3)
: giﬁgf”ﬂamp'am 4432 (253) | 3624 (24.1)
C. difficile Test Sent 1242 (7.1) 930 (6.2) 0.001 Sfrpaltl
errec
Cramer’s
V=-0.02
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Table 5 Continued

Pre- Post-
Intervention Intervention
(n=55932) (n=46064)
Antibiotic Class*, n(%) <0.0001 | Small
e High-risk CDI 10110 (18.3) 8540 (18.5) ecf::ger,s
e Carbapenems 2463 (4.5) 1841 (4.0) V=0.02
e  Other broad-spectrum beta- 33200 (59.9) | 27326 (59.3)
lactams
o Narrow-spectrum beta lactams 9619 (17.4) 8357 (18.1)
Pre- Post-
Intervention Intervention
(n=17325) (n=14855)
Modified Antibiotic Classes 0.2 Small
e High-risk CDI 7313 (42.2) | 6388 (43) B sy
e Others 10012 (57.8) 8467 (57) 0,008
e Carbapenems 1258 (7.3) 988 (6.7) 0.03 S:fm:
e Others 16067 (92.7) | 13867 (93.3) offect, v
=-0.01
e Broad-spectrum beta-lactams 5577 (33.4) 4945 (33.8) 0.5 Small
e Others 11126 (66.6) 9691 (66.2) ecf::;t'er’sv
=0.004
e Narrow spectrum beta-lactams 7476 (43.2) 6550 (44.1) 0.09 Small
e Others 9849 (56.8) 8305 (55.9) eCfrf:;t’er’sV
=0.01

Frequency missing = 8711 (APR DRG SOIl), 8711 (APR DRG ROM), 293 (Elixhauser), 379
(antibiotic class), 349 (PPI)

*High-risk CDI antibiotics included fluoroquinolones, clindamycin and third-generation
cephalosporins. Other broad-spectrum beta-lactams included piperacillin/tazobactam,
cefepime, ceftaroline, aztreonam, ceftazidime/avibactam, ceftolozane/tazobactam). Narrow
spectrum beta-lactams included cefoxitin, amoxicillin/clavulanate, ampicillin/sulbactam,
cefazolin, cephalexin.

Table 5-1: Bivariable analysis of CDI positivity by PCR testing and patient

characteristics

Characteristics Total CDI PCR p-value Effect size
(n=32180) | Not tested Positive
/Negative (n=285)
(n=31895)
Age, median(IQR) 65(58, 73) 65(58, 73) | 66(60, 74) 0.07 Negligible
Cliff’s delta =
-0.03
Sex, n(%) 0.8 Small effect
df=1, Cramer’s
V=-0.001
Female 14791(46.0) | 14658(46.0) | 133(46.7)
Male 17388(54.0) | 17236(54.0) | 152(53.3)
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Table 5-1 Continued

Length of stay, 4(1, 10) 4(1,9) 14(6, 26) | <0.0001 Negligible
median(IQR) Cliff’s delta =
-0.003
Hospital location, <0.0001 Small effect
n(%o) df=1, Cramer’s
V=0.05
Floor 5887(18.3) | 5847(18.3) 40(14.0)
IMC 1225(3.8) 1206(3.8) 19(6.7)
ICU 4716(14.7) | 4654(14.6) 62(21.8)
ED 8297(25.8) | 8217(25.8) 80(28.1)
OR 2961(9.2) 2959(9.3) 2(0.7)
Cancer/Transplant 1368(4.3) 1325(4.2) 43(15.1)
Other 7726(24.0) | 7687(24.1) 39(13.7)
APR DRG SOIl, 3(2, 4) 3(2,4) 4(3, 4) <0.0001 Negligible
median(IQR) Cliff’s delta =
0.005
APR DRG ROM, 3(2,3) 3(2,3) 3(3,4) <0.0001 Negligible
median(IQR) Cliff’s delta =
-0.03
Elixhauser score, 4(2, 6) 4(2, 6) 5(4,7) <0.0001 Negligible
median (IQR) Cliff’s delta =
-0.006
NPO, n(%) 0.003 Small effect
df=1, Cramer’s
V=0.02
No 16415(51.0) | 16295(51.1) | 120(42.1)
Yes 15765(49.0) | 15600(48.9) | 165(57.9)
Modified Antibiotic
class, n(%)
High risk group 13701(42.6) | 13570(42.5) | 131(46.0) 0.2 Small effect
Others 18479(57.4) | 18325(57.5) | 154(54.0) df=1, Cramer’s
V=0.007
Carbapenem 2246(7.0) 2177(6.8) 69(24.2) | <0.0001 Small effect
Others 29934(93.0) | 29718(93.2) | 216(75.8) df=1, Cramer’s
V=0.06
broad spectrum beta- | 10522(33.6) | 10327(33.3) | 195(68.7) | <0.0001 | Small effect
lactams df=1, Cramer’s
Others 20817(66.4) | 20728(66.7) | 89(31.3) Vv=0.07
Narrow spectrum 14026(43.6) | 13966(43.8) | 60(21.1) | <0.0001 | Small effect
beta-lactams df=1, Cramer’s
Others 18154(56.4) | 17929(56.2) | 225(78.9) V=-0.04
PPI <0.0001 Small effect
df=1, Cramer’s
V=0.04
No 21578(67.1) | 21449(67.2) | 129(45.3)
Yes 10602(32.9) | 10446(32.8) | 156(54.7)
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C.difficile test sent

<0.0001

Medium effect
df=1, Cramer’s

No

30010(93.3)

30010(94.1)

0

Yes

2170(6.7)

1885(5.9)

285(100)

In patients eligible for probiotic administration in the pre-intervention group, 132 (0.75%)

patients had CDI compared to 153 (1.02%) in the post-intervention group (p=0.01). APR

DRG SOI and APR DRG ROM scores were highly correlated (r=0.80) so only APR DRG

SOl was included in the model. Controlling for age, sex, length of stay, APR DRG Severity

of Iliness score, Elixhauser score, antibiotic class, receipt of PPIs and hospital unit, the

odds of CDI was 1.4-fold greater in the post-intervention group compared to the pre-

intervention group (95% CI, 1.13, 1.84 p=0.003) [Table 6].

Table 6. Multivariable analysis of CDI positivity by PCR testing adjusted for factors

associated with CDI

Outcome Variables Adjusted p-value
odds ratio (95%CI)

CDI PCR (positive) Intervention
Pre Ref
Post 1.41 (1.13,1.84) 0.003
Age 1.01(0.99, 1.02) 0.4
Sex
Male Ref
Female 1.18(0.93, 1.51) 0.17
Length of stay 1.01 (1.00, 1.02) <0.0001
Hospital unit
Floor Ref
IMC 1.74(0.99, 3.06) 0.053
ICU 0.96(0.61, 1.49) 0.8
ED 1.42(0.93, 2.16) 0.1
OR 0.50 (0.11, 2.11) 0.3
Cancer/Transplant 2.24(1.40, 3.58) 0.008
Other 0.93 (0.58, 1.48) 0.8
APR_DRG_SOI 2.07(1.66,2.59) <0.0001
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Elixhauser score 1.03(0.97, 1.09) 0.3
Antibiotic class

High-risk CDI group vs 0.81(0.62, 1.05) 0.1
others

Carbapenem vs. Others 1.41(1.03, 1.91) 0.03
Broad spectrum beta- 1.31(0.97, 1.77) 0.08
lactams vs. Others

Narrow spectrum beta- 0.54(0.38, 0.74) 0.0001
lactams vs. Others

PPI Yes vs No 1.38(1.07, 1.78) 0.01
NPO Yes vs No 0.89 (0.68,1.17) 0.4

good model fit.

Note: The overall model was significant (likelihood y2 (17) = 357 with a p<0.0001 and pseudo
RZof 11.6%. The Hosmer and Lemeshow 2 (8) statistic was 4.23, with a p-value of 0.84. The
area under the receiver-operating curve (AUC) was 0.80. All these goodness-of-fit tests denote

Changes in CDI PCR positivity rates were driven by hospital 1 and were unchanged at the

other 4 sites. Rates of CDI in units where the CCDSS BPA would not have fired based on

the patient populations (e.g., the oncology and transplant units at hospital 1 and the ICUs

at hospitals 1 and 3) were statistically unchanged between the time periods but did increase

by 17 cases (Table 7).

Table 7: CDI PCR Positivity Rates by Hospital

CDI Positivity by Pre-Intervention Post-Intervention P-value
Hospital, n(%)
Hospital 1 89/10797 (0.82) 108/9016 (1.20) 0.008
e Hospital 1 removing | 71/10066 (0.71) 83/8373 (0.99) 0.03
Cancer Center and
Transplant
e Hospital 1 ICUs 22/2278 (0.97) 32/2070 (1.55) 0.085
e Hospital 1 Cancer 18/731 (2.46) 25/643 (3.89) 0.13
Center and
Transplant
Hospital 2 17/2422 (0.70) 17/2134 (0.80) 0.71
Hospital 3* 24/2759 (0.87) 26/2586 (1.01) 0.61
Hospital 4 2/1558 (0.13) 2/1287 (0.16) 0.85
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*no cases in the pre- or post-groups in the Hospital 3 ICU

Across all hospitals, there was overall no change in CDI PCR Positivity rates depending
on the type of unit where the patient’s antibiotics were initiated with the exception of the
ICUs and cancer/transplant centers which did have numeric increases in their rates (Table
8).

Table 8: CDI PCR Positivity Rates by Unit Type

CDI Positivity by Unit, n(%) Pre-Intervention | Post-Intervention | P-value
Floor 16/3074 (0.52) 24/2819 (0.85) 0.12
IMC 10/695 (1.44) 9/530 (1.7) 0.72
ICU 25/2484 (1.01) 37/2236 (1.65) 0.051
ED 41/4496 (0.9) 39/3808 (1.02) 0.60
OR 1/1624 (0.06) 1/1363 (0.07) 0.90
Cancer/Transplant 18/731 (2.46) 25/643 (3.9) 0.13
Other 21/4432 (0.88) 18/3624 (0.50) 0.88

As a balancing measure for the use of CDI PCR as the primary measure of CDI due to the
change in testing methodology in the pre-intervention period, we evaluated the frequency
of C. difficile tests sent in the pre- and post-intervention groups. In the pre-BPA time
period, 0.93% of patients had a C. difficile test sent compared to 1.14% of patients in the

post-BPA time period (p=0.10).

2al) CCDSS BPA Adherence
During the study period, the BPA fired on 5203 unique patients resulting in an order for
probiotics in 2392 (46%) patients. Adherence to the BPA (acceptance of the intervention

resulting in an order for Bio-K+) varied between institutions with orders for Bio-K+
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occurring in 87.6% of patients where the BPA fired at hospital 4, followed by 68.6% at

hospital 3, 44% at hospital 2 and 34% at hospital 1.

2b) CDI PCR Positivity Rates in Patients who Received Probiotics

In the post-intervention group, 2489 patients received probiotics. Most of these orders
(96%) were as a direct result of the CCDSS BPA with only 4% of the orders for probiotics
generated outside of the BPA. The unadjusted odds ratio for positive CDI PCR in the
patients who received probiotics compared to those who did not receive probiotics was
1.48 (95% CI, 1.01 to 2.16, p=0.043). When adjusting for length of stay, APR DRG
severity of illness score, hospital unit at the time of the BPA firing, antibiotic class and
receipt of PPIs, the odds ratio for positive CDI PCR was 1.54 (95% CI, 1.002-2.38) for
those who received probiotics compared to those who did not. To account for differences
in patients who received probiotics versus those who did not, propensity score matching
was done based on age, sex, length of stay, APR DRG severity of illness score, Elixhauser
score, antibiotic class, receipt of PPl or H2 antagonist, hospital, and hospital unit. The
resultant matched sample consisted of 2174 matched pairs (87.3% of patients receiving
probiotics were successful matched to a patient not receiving probiotics with a similar value
of the logit of the propensity score). The characteristics between the patients who received
probiotics (BioK) versus those who did not are presented in Table 9. The standardized
differences ranged from a low of -0.14 to a high of 0.07 with a median of 0.0016 (IQR -
0.17, 0.021). The variance ratios ranged from 0.58 to 1.58. The only characteristic for
which the standardized difference was >0.01 was hospital location 4, which represented

the smallest hospital with the highest rate of CCDSS adherence limiting the options for
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matching. Overall, the aforementioned analyses indicate that the means and variances of
the variables were similar between the probiotics treated patient group and the matched
sample.

Table 9. Patient characteristics across receipt of probiotics (BioK) in the non-
ropensity matched group and the propensity matched group

Characteristic Non-PS matched PS matched Standardize | Varianc

S d difference e ratio
Total Biok No Biok p Total Biok No Biok

(n=14855 | (n=12366 Yes valu | (n=4348 | (n=2174 Yes
) ) (n=2489 e ) ) (n=2174
) )

Age, median 65 65 67 <0.0 67 67 67 0.0048 0.97

(IOR) (58, 74) (58, 73) (60, 77) 1 (60, 77) (60, 77) (60, 77)

Sex, n(%o) <(i.0

Female 6747 5544 1203 2089 1054 1035 0.018 0.99
(45.4) (44.8) (48.3) (48.1) (48.5) (47.6)

Male 8107 6821 1286 2259 1120 1139 -0.018 0.99
(54.6) (55.2) (51.7) (51.9) (51.5) (52.4)

Length of 4 4 6 <0.0 7 6 7 0.0091 0.65

stay, median (1,10) 1,9 (3,12) 1 (4,13) (3,12) (4, 14)

(IQR)

Hospital <0.0

unit, n(%) 1

Floor 2814 1757 1057 1855 904 951 -0.049 1.01
(18.9) (14.2) (42.5) (42.7) (41.6) (43.7)

IMC 530 306 224 395 186 209 -0.043 111
(3.6) (2.5) (9.0) (9.1) (8.6) (9.6)

ICU 2234 2042 192 364 175 189 -0.018 1.07
(15.0) (16.5) (7.7) (8.4) (8.1) 8.7)

ED 3804 3362 442 789 405 384 0.024 0.96
(25.6) (27.2) (17.8) (18.2) (18.6) (17.7)

OR 1351 1339 12 23 11 12 -0.0027 1.09
9.1 (10.8) (0.5) (0.5) (0.5) (0.6)

Cancer/ 637 630 7 19 12 7 0.012 0.58

Transplant (4.3) (5.1) (0.3) (0.4) (0.6) (0.3)

Other 3485 2930 555 903 481 422 0.070 0.91
(23.5) (23.7) (22.3) (20.8) (22.1) (19.4)

APR DRG 3 3 3 0.2 3 3 3 -0.017 0.80

SOI, median 24 2,4 (2.4 2,9 2,4 2.4

(IQR)

Elixhauser 4 4 5 <0.0 5 5 5 -0.0069 0.96

score, (2,6) (2,5) (3.6) 1 3.7 (3,7 (3.7

median

(IQR)

Hospital, <0.0

n(%) 1

1 8932 8059 873 1628 833 795 0.038 0.98
(60.1) (65.2) (35.1) (37.4) (38.3) (36.6)

2 2061 1585 476 859 434 425 0.012 0.98
(13.9) (12.8) (19.1) (19.8) (20.0) (19.6)

3 2577 1626 951 1560 793 767 0.029 0.99
(17.4) (13.2) (38.2) (35.9) (36.5) (35.3)

4 1285 1096 189 301 114 187 -0.14 1.58
(8.7) (8.9) (7.6) (6.9) (5.2) (8.6)

Antibiotic

class, n(%)

High risk 6388 4922 1466 <0.0 2598 1299 1299 0 1

group (43) (39.8) (58.9) 1 (59.8) (59.7) (59.7)
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Table 9 Continued
Others 8467 7444 1023 1750 875 875
(57) (60.2) (41.1) (40.2) (40.3) (40.3)
Carbapenem 988 800 188 0.04 365 183 182 0.0016 1.0
(6.7) (6.5) (7.6) 8 (8.4) (8.4) (8.4)
Others 13867 11566 2301 3983 1991 1992
(93.4) (93.5) (92.4) (91.6) (91.6) (91.6)
Broad 4945 3997 968 <0.0 1919 991 928 0.059 0.99
spectrum (33.8) (32.6) (39.8) 1 (44.1) (45.6) (42.7)
beta-lactams
Others 9691 8227 1464 2429 1183 1246
(66.2) (67.4) (60.2) (55.9) (54.4) (57.3)
Narrow 6550 575 794 <0.0 1396 677 719 -0.040 1.03
spectrum (44.1) 6(46.6) (31.9) 1 (32.1) (31.1) (33.1)
beta-lactams
Others 8305 661 1695 2952 1497 1455
(55.9) 0(53.4) (68.1) (67.9) (68.9) (66.9)
PPI <0.0
1
No 10234 8619 1615 2789 1402 1387
(68.9) (69.7) (64.9) (64.1) (64.5) (63.8)
Yes 4621 3747 874 1559 772 787 -0.014 1.0
(31.1) (30.3) (35.1) (35.9) (35.5) (36.2)
H2 0.2
Antagonist
No 10848 9007 1841 3140 1557 1583
(73.0) (72.8) (74.0) (72.2) (71.6) (72.8)
Yes 4007 3359 648 1208 617 591 0.026 0.97
(27.0) (27.2) (26.0) (27.8) (28.4) (27.2)

The cumulative CDI incidence by PCR testing was 0.016 in patients receiving probiotics.
Those in the probiotic group had 1.46 times the risk of CDI by PCR testing compared to

those who did not receive probiotics (RR=1.46; 95% CI, 0.87-2.45, p=0.15).

2b2) Because post-intervention testing was two-step, we repeated the analysis using toxin-
positive as the CDI outcome. In both the non-PS matched and the PS-matched groups,
receipt of probiotics was not associated with a difference in CDI by toxin testing. No other
characteristics were identified as associated with CDI by toxin testing from bivariate

analysis (Table 10).
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Table 10: Bivariate analysis of CDI by C. difficile Toxin Assay in the non-PS matched

and PS-matched groups

Characteristics Non-PS matched PS matched
Total CDI Toxin p-value Total CDI Toxin p-
(n=14855) | Not tested | Positive (n=4348) | Not tested | Positive | value
INegative | (n=19) INegative (n=7)
(n=14836) (n=4341)
Probiotics 1.0 1.0
(BioK), n(%0)
No 12366 12350 16 2174 (50) | 2170 (50) | 4(57.1)
(83.2) (83.2) (84.2)
Yes 2489 2486 3(15.8) 2174 (50) | 2171 (50) | 3(42.9)
(16.8) (16.8)
Age, 65 (58, 74) | 65(58,74) | 70 (66, 0.01 68 (60, 77) | 68 (60, 77) | 81 (66, 0.1
median(IQR) 81) 84)
Sex, n(%) 0.8 0.7
Female 6747 6739 8 (42.1) 2098 2094 4 (57.1)
(45.4) (45.4) (48.3) (48.2)
Male 8107 8096 11 2250 2247 3(42.9)
(54.6) (54.6) (57.9) (51.7) (51.8)
Unknown
Length of stay, 4(1, 10) 4(1, 10) 16 (9, | <0.0001 | 7(4,13) 7(4, 13) 15 (12, 0.1
median(IQR) 30) 30)
Hospital 0.4 0.3
location, n(%)
Floor 2184(18.9) | 2809(18.9) | 5(26.3) 1856 1853 3(42.9)
(42.7) (42.7)
IMC 530(3.6) 530(3.6) 0 398(9.2) 398(9.2) 0
ICU 2234(15.0) | 2230(15.0) | 4(21.1) 383(8.8) 382(8.8) 1(14.3)
ED 3804(25.6) | 3796(25.6) | 8(42.1) 777(17.9) | 774(17.8) | 3(42.9)
OR 1351(9.1) | 1351(9.1) 0 20(0.5) 20(0.5) 0
Cancer/ 637(4.3) 637(4.3) 0 18(0.4) 18(0.4) 0
Transplant
Other 3485(23.5) | 3483(23.5) | 2(10.5) 896(20.6) | 896(20.6) 0
APR DRG SOl, 3(2,4) 3(2,4) 4(3,4) 0.002 3(2,4) 3(2,4) 4(3,4) 0.4
median(IQR)
APR DRG 3(2,4) 3(2, 4) 3(3,4) 0.04 3(2,3) 3(2,3) 3(3,4) 0.9
ROM,
median(IQR)
Elixhauser 4(2, 6) 4(2, 6) 6(3, 8) 0.02 5(3,7) 5(3,7) 6(5,9) 0.9
score, median
(IQR)
Modified
Antibiotic class,
n(%)
High risk group 6388(43) | 6382(43.0) | 6(31.6) 0.4 2598 2594 4(57.1) 1.0
(59.7) (59.8)
Others 8467(57) | 8454(57.0) 13 1750 1747 3(42.9)
(68.4) (40.3) (40.2)
Carbapenem 988(6.7) 981(6.6) 7(36.8) | 0.0001 372(8.6) 370(8.5) 2(28.6) 0.1
Others 13867 13855 12 3976 3971 5(71.4)
(93.3) (93.4) (85.7) (91.4) (91.5)
broad spectrum 4945(33.8) | 4931(33.7) 14 0.0004 1906 1903 3(42.9) 1.0
beta-lactams (73.7) (43.8) (43.8)
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Others 9691(66.2) | 9686(66.3) | 5(26.3) 2242 2438 4(57.1)
(56.2) (56.2)
Narrow 6550(44.1) | 6544(44.1) | 6(31.6) 0.4 1385 1383 2(28.6) 1.0
spectrum beta- (31.9) (31.9)
lactams
Others 8305(55.9) | 8292(55.9) 13 2963 2958 5(71.4)
(68.4) (68.1) (68.1)
Modified
Antibiotic class
duration,
median(IQR)
High risk group 1(0, 2) 1(0, 2) 1.5(0, 0.5 1(0, 3) 1(0, 3) 2 (1, 0.7
2) 2.5)
Others 1(0, 2) 1(0, 2) 2(1,4) 0.02 1(0, 2) 1(0, 2) 1(1, 10) 0.4
Carbapenem 1(0, 3) 1(0, 3) 1(0, 6) 0.9 1(0, 3) 1(0, 3) 0.5(0, 0.3
1)
Others 1(0, 2) 1(0, 2) 2(1,2.5) 0.02 1(0, 3) 1(0, 3) 2(2,3) 0.09
Broad spectrum 1(0, 2) 1(0, 2) 1(0, 2) 0.7 1(0, 3) 1(0, 3) 1(0, 2) 0.8
beta-lactams
Others 0(0, 1) 0(0, 1) 2(2,3) 0.005 1(0, 3) 1(0, 3) 2.5(1.5, 0.1
6.5)
Narrow 1(0, 1) 1(0, 1) 1.5(1,7) 0.045 1(0, 2) 1(0, 2) 5.5(1, 0.2
spectrum beta- 10)
lactams
Others 1(0, 2) 1(0, 2) 2(0,2) 0.2 1(0, 3) 1(0, 3) 2(1,2) 0.8
PPI 0.3 0.7
No 10234 10223 11 2822 2818 4(57.1)
(68.9) (68.9) (57.9) (64.9) (64.9)
Yes 4621(31.1) | 4613(31.1) | 8(42.1) 1526 1523 3(42.9)
(35.1) (35.1)
H2 Antagonist 0.007 0.4
No 10848 10840 8(42.1) 3083(70.9) | 3079(70.9) | 4(57.1)
(73.0) (73.1)
Yes 4007(27.0) | 3996(26.9) | 11(57.9) 1265(29.1) | 1262(29.1) | 3(42.9)
Hospital, n(%) 0.6 0.7
1 8932(60.1) | 8917(60.1) | 15(79.0) 1629(37.5) | 1626(37.5) | 3(42.9)
2 2061(13.9) | 2060(13.9) 1(5.3) 838(19.3) | 837(19.3) | 1(14.3)
3 2577(17.4) | 2575(17.4) | 2(10.5) 1585(36.5) | 1583(36.5) | 2(28.6)
4 1285(8.7) 1284(8.7) 1(5.3) 296(6.8) 295(6.8) 1(14.3)

2c) Probiotic Safety

All cases of Lactobacillus bacteremia were reviewed post implementation and no cases
were identified in patients receiving Bio-K+ during the index admission or within the three
months prior. No additional safety signals were identified, but rates of potential minor

adverse events such as bloating or gas were not assessed.
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Aim 3 Cost implications of the intervention

During the post-intervention period, a total of $70,212.43 was spent on the Bio-K+
probiotics preparation across the four institutions. Due to the percent improvements in the
SIRs, the system gained $1,898,820 in penalty decreases through the Maryland Health
Services Cost Review Commission (HSCRC) quality-based reimbursement (QBR)

program for hospitals 1-3; hospital 4 is not included in the QBR program.

Discussion

In this study implementing a CCDSS tool to facilitate prescription of probiotics for the
primary prevention of CDI, probiotics were not found to be protective. In fact, incidence
of CDI was higher in patients who received probiotics versus patients who did not, although
this was not statistically significant when controlling for other risk factors for CDI. Overall
uptake of the intervention was moderate with about half of the patients who qualified for

probiotics per the CCDSS receiving them.

Many studies have evaluated the use of probiotics for the prevention of CDI. A systematic
review and meta-analysis in 2012 of twenty randomized controlled trials in adult or
pediatric patients receiving antibiotics with a primary outcome of CDI found that probiotics
reduced the incidence of CDI by 66% (RR=0.34; 95% CI 0.24-0.49). Outcomes were
similar in both adults and children when comparing lower (<10 billion CFU/d) or higher
(>10 billion CFU/d) doses and different probiotic species. The observed effect was
increased when comparing supplements with multiple species versus single species

although this effect was not statistically significance.?” Subsequently in 2013, a Cochrane
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review also evaluated the safety and efficacy of probiotics for the prevention of CDI in
adults and children. Studies comparing probiotics at any dose or strain versus placebo,
alternate prophylaxis or no treatment were included. They included 23 studies with 4213
number of patients and identified rates of CDI were 2% in the probiotics group compared
to 5.5% in the placebo or no treatment group (RR=0.36; 95% CI 0.26 to 0.51) with a
moderate quality of evidence and no significant heterogeneity (p=0.75; 1°=0%).° Both
reviews may have been compromised by methodologic inconsistencies and neither focused
on hospitalized patients taking antibiotics. The largest randomized controlled trial for the
use of probiotics was the PLACIDE trial from 2013 which was a randomized, double-blind,
placebo controlled trial to evaluate if a probiotic preparation would reduce the frequency
of antibiotic-associated diarrhea or C.difficile diarrhea in inpatients greater than 65 years
of age admitted to a hospital and receiving at least one antibiotic therapy. The probiotic
preparation consisted of two strains of L. acidophilus and two strains of Bifidobacteria
given to patients for 21 days. The study had lengthy exclusion criteria limiting the
generalizability to a larger population including immunocompromised patients, ICU status,
heart disease with a prosthetic valve, CDI in the last 3 months, pre-existing gastrointestinal
diseases such as inflammatory bowel disease or J/G-tube feeds. There were 1470 patients
in the microbial preparation group versus 1471 in the placebo group and the incidence of
CDI was 0.8% in the microbial preparation group compared to 1.2% in the placebo group
(RR 0.71; 95% CI 0.34-1.47; p=0.35). The overall low rate of CDI in the study suggests
the study may have had insufficient power to detect an effect and that the results of the

study may not be generalizable to a higher incidence setting.?®
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Taking into account the PLACIDE trial, another systematic review was done in 2017 and
focused on only studies with hospitalized patients receiving antibiotics. Data from 19
studies comprising 6261 patients found a risk reduction of 58% in patients receiving
probiotics suggesting an number needed to treat of 43 to prevent one cases of CDI and that
probiotics given within 2 days of antibiotic initiation produced a greater risk reduction for
CDI (RR 0.32; 95% CI 0.22-0.48) compared to later admission (RR 0.70; 95% CI 0.40-

1.23).18

Given the promise of early use of probiotics to prevent hospital-acquired CDI, we sought
to implement a CCDSS tool to facilitate uptake in patients at risk of CDI due to age and
receipt of select antibiotics. In selecting a microbial preparation, we chose a multi-strain
agent containing 3 Lactobacillus spp. that has demonstrated efficacy in previous studies
including a randomized controlled trial and a single center before-and-after quality
improvement initiative.*>?%3! The dose of 100 billion CFU/day was chosen based on a
dose finding study that greater CDI reduction for the 100 billion CFU dose compared to a
50 billion CFU dose or placebo in 255 hospitalized patients receiving either a penicillin,
cephalosporin or clindamycin during their hospital stay.*® The decision to build a CCDSS
tool to facilitate use was important as experience using this agent based on education,
manual intervention and/or physician discretion alone has shown low uptake and no
benefit.16? Additionally, the CCDSS was designed to optimize timing of probiotic
initiation in relation to the start of qualifying antibiotics. Our study had moderate uptake

rates of probiotic prescription with nearly 50% of patients recommended for probiotics for
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CDI prevention receiving them; with higher rates of adherence noted at the two community

hospitals and the rehabilitation center compared to the academic medical center.

One of the primary challenges with probiotic use in an inpatient setting is the risk for rare
but serious adverse effects. While the more common side effects of probiotics are benign,
such as gas, bloating and hiccups; the bigger concern with probiotics is the potential for
bacteremia or fungemia either from translocation of bacteria from the intestines or direct
inoculation in patients with central venous access. Cases of Saccharomyces fungemia
secondary to probiotic use have been described in patients who are critically ill, receiving
nutrition enterally or have central venous catheters as the organisms can be spread on
healthcare workers hands.!”3 Risk factors for bacteremia or fungemia unfortunately
overlap with common risk factors for C. difficile, namely immunocompromised hosts or
critical illness.3*3 Our BPA was designed with safety first and foremost, and therefore did
not fire in patients with risk factors for bacteremia or fungemia, including patients with an
NPO status (e.g., unable to swallow the Bio-K+ capsules whole), patients on cancer or
transplant units, and patients receiving immunosuppressant medications. Patients in an ICU
unable to swallow medications by mouth were excluded due to the risks of manipulating
the Bio-K+ capsules and potential inoculation of central venous catheters. Exclusion of
patients both at high-risk of CDI but also high-risk of adverse effects secondary to
probiotics may have tempered any potential impact from probiotic use. Although non-
statistically significant likely due to effect size, numerically rates of CDI in patients located
in an ICU, cancer or transplant unit who were not eligible for the CCDSS tool did increase

in the post-implementation period.
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A recent patient-level meta-analysis provided moderate quality of evidence that probiotics
may be useful and safe for preventing CDI using 18 randomized controlled trials with
individual participant data for 6851 patients. Probiotics reduced CDI odds in the unadjusted
model (OR 0.37; 95% CID 0.25-0.55) and adjusted model (OR 0.35; 95% CI, 0.23-0.55),
and that multispecies probiotics were more beneficial than single species probiotics.
Importantly, patients taking 2 or more antibiotics and in hospital settings where risk of CDI
is >5% had the biggest benefit.® It should be noted that the small studies that demonstrate
the biggest benefit of probiotics in the two meta-analyses described above have very large
effect sizes but the populations had very high first-episode CDI prevalence rates (23.8%
and 40%).1>3 In our study, CDI rates were already relatively low and more similar to the
PLACIDE study population, and the BPA flagged regardless of number of antibiotics

received which could limit the potential impact of primary prophylaxis.

Our study is strengthened by the inclusion of multiple hospitals that represent diverse
practice settings and patient populations, including comprehensive evaluations of
intervention adherence and safety. We analyzed CDI data with multiple analyses and
outcomes (e.g., SIR, CDI incidence by PCR testing, CDI incidence by toxin testing) helped
to drill-down the true effect of probiotics as evaluation of risk-adjusted SIR alone would
have made it seem the use of probiotics was beneficial. Use of propensity score matching
allowed us to evaluate the potential impact of probiotic administration while controlling

for potential differences in patients who did and did not receive probiotics.

38



This study has several limitations. First, the C.difficile testing strategy in our healthcare
system changed from a PCR-based test alone to a two-step testing process where the PCR
was followed by a confirmatory Toxin EIA to help distinguish colonization from infection.
However, the intervention occurred six months after the two-step testing was implemented
which should have allowed for adequate time for the change due to testing to be established.
Additionally, we did only assess PCR positivity rates in this study and as a counter measure
evaluated C. difficile testing rates in both study periods to assure testing rates remained
similar before and after implementation of the BPA. While the BPA was implemented after
many additional C.difficile targeting interventions had already been made across the
hospitals, it is possible that other interventions may have confounded the potential benefit
of probiotic use. As seen in the ITS analysis, CDI rates at the participating hospitals had
all begun to decline sharply prior to the implementation of the BPA due to other
interventions beyond the two-step testing including participation in a state-wise CDI
reduction collaborative, new restrictions on C. difficile test orders and antimicrobial
stewardship interventions targeting fluoroguinolones. It is also important to consider that
the SIR reported to the CDC NHSN which did decline over the study period provides risk
adjustment, whereas we evaluated CDI incidence without any risk adjustment. Our rates of
toxin positivity in the post-intervention group were extremely low, but proportional to the
PCR positivity rates indicating that many of the cases counted as positive in the analysis
of CDI incidence by PCR likely included cases that would not have been considered
clinically significant or treated. It is unclear why administration of probiotics would have

potentially worsened incidence of CDI as noted in the unadjusted analysis of patients who
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did or did not receive probiotics post-intervention, but we suspect may be due to residual

confounding that was not accounted for in our analysis.

Acceptance of the BPA and subsequent ordering of Bio-K+ was higher than expected and
what has been noted in other studies, but still many patients who potentially qualified
ultimately did not receive the intervention, and we were unable to evaluate compliance
with the full course of probiotics in patients who were discharged while still receiving
antibiotics. Additionally, our follow-up period of 13 months post intervention may not have
been adequate as a similar study identified a shift in CDI rates beginning at least six months
after the implementation of probiotics.'® The modest benefit of probiotics has been
primarily demonstrated in first-episodes of CDI but not on the treatment or prevention of
recurrence, and in our study we did not differentiate between initial and recurrent episodes

of CDI¥

While probiotics may ultimately have a role in CDI prevention, utilization in hospitalized
patients is limited by safety concerns as the highest-risk populations for CDI overlap with
patients where concern over probiotic use is high. Benefit may be seen in the population
of patients we used probiotics in, but larger studies with longer follow-up periods would

be needed to confirm given our baseline low CDI positivity rates.
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Appendix 1

Systemic Antibiotics Included or Excluded from the Computerized Clinical Decision
Support System Tool

Included Antibiotics

Excluded Antibiotics

Ampicillin/sulbactam
Amoxicillin/clavulanate
Piperacillin/tazobactam
Cefazolin

Ceftriaxone
Cefotaxime
Ceftazidime

Cefdinir

Cefoxitin

Cephalexin

Cefepime

Ceftaroline
Ceftazidime/avibactam
Ceftolozane/tazobactam
Meropenem

Imipenem

Ertapenem

Aztreonam
Ciprofloxacin
Levofloxacin
Moxifloxacin
Clindamycin

Antimycobacterial agents (e.g.,
rifampin,  rifabutin, ethambutol,
pyrazinamide, isoniazid)
Daptomycin

Doxycycline

Fosfomycin

Linezolid

Metronidazole

Minocycline

Nitrofurantoin

Tetracycline

Tigecycline

Vancomycin (IV & PO)
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Appendix 2: Probiotic Use Guideline

Ny

UNIVERSITY of MARYLAND
MEDICAL CENTER Probiotics — Guidelines for Use

-

Purpose: To establish guidelines for the safe use of probiotics for prevention of C. difficile infection (CDI) for
adult patients at the University of Maryland Medical Center (UMMS).

BACKGROUMND

Despite ongoing infection control interventions, CDI remains a challenge at UMMC and other institutions.
Probiotics have the potential to prevent colonization and infection with C. difficile, thus offering an
opportunity to enhance our primary prevention strategies at UMMC and hospitals throughout the University
of Maryland Medical System (UMMS]. Although current data is limited by heterogeneity in probiotic dose,
species and formulation, there is evidence that early administration of probiotics, close to the time of the
first dose of antibiotics, can reduce the risk of CDI by mere than 50% in hospitalized patients.*

Probictict

*  Liwe microorganisms which when administered in adequate amouwnts confer a health benefit on
the host

= Mechanisms of action
o Modulation of content of gut microbiota
2 Maintenance of gut barrier integrity
2 Modulation of local immune responss
*  Major probiotic bacteria genera
o Locobacilus
o Bifidobocterium
* Composition — varies by product
o Formulary product: Loctobocilius ocidophilus, Lactobacillus casei, Lactobacillus rhamnosus |Bio-
K+B) 50 billicon CFU/capsule

UTILIZATION
Probiotics for the prevention of inpatient CDI

Qualifying Patients:
* =50 years of age
* MNew start antibiotics, anticipated antibiotic need of >48 hours
*  Able to take medications by mowuth

Exclusions
*  Acute colitis (induding C. difficile infection), ileus or perforation
*  |leostomy
*  Patients with known severe acute pancreatitis not tolerating tube feeds
*  Severs neutropenia [ANC <500 pL)
*  Active chemotherapy or active mucositis
*  Bone marrow or solid organ transplant within previouws 6 months
*  Other immunosuppression [high-dose steroids, biclogics)
*  Patients only receiving antibiotics with limited systemic absorption (2.g., nitrofurantoin, fosfomycin,
PO vancomycin) or antibiotics with minimal association with C. difficile (e.g., vancomycin,
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tetracyclines, tigecycline, linezolid, daptomycin, metronidazole, rifampin, rifabutin, ethambuteol,
pyrazinamide, isoniazid)

Procedure
*  Probiotic capsules should be prescribed for daily administration during an antibiotic course and for 5
days after the final dose of antibiotics
o A best-practice-alert [BPA) in Epic will fire for potentially eligible patients and encourage

providers to consider ordering Bio-E+ at the time of initial antibiotic prescription. The BPA
will only fire for the first qualifying antibiotic prescription and will not fire for patients
already on antibiotics or probiotics.

*  Probiotics should ideally be administered within 12 hours of the initial antibiotic dose.

Safety lssues with Probiotic use in Inpatiemz‘u
*  Probiotic use has been rarely associated with the development of bacteremia and fungemia.
*  Probiotics can be spread via healthcare worker's hands.
*  Manipulation of capsules can lead to substantial air contamination — organisms can persist for up to
2 howrs on surfaces in a patient's room when the capsules are manipulated.

Guidelines for 5afe Use:

*  Probiotics must not be used in patients who are unable to take PO medications and swallow
probiotic capsules whole

*  MNurses should change gloves between probiotic administration and manipulation of central venous
BOCESS

*  Probiotics should not be used in the following areas: NICU, BMT Unit, CB
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