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Abstract

We examined risk associated with antibiotics used forClostridioides difficile infection (CDI) at a single site from 2018 through 2020. Overall, 78
patients had nonrecurrent infections. Among inpatient antibiotics, intravenous meropenem had the highest CDI rate (3.56 per 1,000 days of
therapy; n= 2 cases). Among outpatient antibiotics, metronidazole had the highest rate (0.071 per 1,000 pills dispensed; n= 3 cases).

(Received 27 May 2022; accepted 18 July 2022)

Clostridioides difficile infection (CDI) is a diarrheal disease com-
monly associated with antibiotics. CDI caseloads have decreased
through antibiotic stewardship, infection prevention,1 and more
specific testing recommendations.2 However, CDI continues to
be an avoidable source of morbidity and mortality.1,3

As antibiotic stewardship programs (ASPs) seek to avoid high-
risk antibiotics (eg, clindamycin, cephalosporins, and fluoroquino-
lones),4 CDI risk shifts to antibiotics that are used. The objectives of
this pilot project were to identify the antibiotics associated with
CDI in our institution and to estimate the risk of these antibiotics
by the amount of antibiotic consumed or prescribed.

Methods

This retrospective cohort included patients diagnosed with CDI at
the Richard L. Roudebush Veterans’ Administration Medical
Center from July 2018 to December 2020. CDI cases were identi-
fied based on a positive C. diff toxin polymerase chain reaction
assay, followed by positive glutamate dehydrogenase enzyme-
linked immunosorbent assay (EIA) and toxin EIAs based on the
recommended multistep testing algorithm.3

All nonrecurrent CDIs were included.3 Chart review confirmed
CDI diagnosis, excluded recurrent infections, and collected dem-
ographics, antibiotic exposure, CDI disease severity (nonsevere,
severe, and fulminant),3 body mass index (BMI), and, over the

30 days prior to diagnosis, proton pump inhibitor (PPI) use, receipt
of cancer chemotherapy, and abdominal surgery.

We defined an antibiotic exposure as an antibiotic given
or prescribed for ≥3 calendar days within 30 days prior to CDI
diagnosis.5 We did not combine antibiotics of the same class,
nor did we analyze antibiotic combinations or multiple antibiotic
exposures. Antibiotics associated with only 1 CDI case were
excluded. Inpatient antibiotic days of therapy (DOT) and outpa-
tient number of pills dispensed were used to quantify antibiotic
consumption for rate calculations. Oral and liquid preparations
rarely used or those with specific niche uses (eg, doxycycline 50
mg, used by the dental service) were excluded.

Descriptive analysis was stratified by CDI severity for antibiotic
exposure. Means, frequencies, and rates were calculated using
Microsoft 365 Excel software (Microsoft, Redmond, WA). The
estimated prevalence of antibiotic use was 76.8% in the 30 days
prior to CDI.5 On average, 32 CDI diagnoses were made in the
institution annually. Given a 2.5-year study period, we anticipated
a sample size of 80 CDI patients and 63 antibiotic-associated cases.
This study was approved by Indiana University Institutional
Review Board.

Results

In total, 91 CDI cases were diagnosed; 78 were nonrecurrent infec-
tions. Of these 78 CDI patients, 75 (96.15%) were male, and the
mean patient age was 68.83 years (SD, 11.35) (Table 1). Overall,
51 cases (65.38%) were not severe, 10 cases (12.82%) were severe,
and 6 cases (7.69%) were fulminant. Due to lack of laboratory data,
the severity of 11 cases (14.10%) could not be assessed; however, all
were diagnosed and treated in the outpatient setting.

Antibiotics were commonly prescribed in the preinfection
period (72 antibiotics exposures): 37 (47.44%) of 78 cases had
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an antibiotic of ≥3 days duration in the 30 days before CDI
(Table 1). The most common antibiotics used prior to CDI were
inpatient piperacillin-tazobactam (PTZ) and outpatient amoxicillin-
clavulanate (AMC) (Table 2). PTZ was also the most common anti-
biotic given prior to severe and fulminant CDI cases.

The highest rate of postantibiotic CDI occurred with inpatient
meropenem (MEM; 3.65 CDI per 1 KDOT) and outpatient met-
ronidazole (0.071 CDI per 1 KPD).

Discussion

In this pilot study, we were able to quantify the CDI risk of anti-
biotics used in our facility by dividing the number of CDI cases
associated with each antibiotic by a measure of antibiotic con-
sumption (DOT for inpatient and number of pills dispensed for
outpatient medications). The denominator data were readily avail-
able from our pharmacy and through our ASP. These calculations
provided an institution-specific risk profile that reflected our

Table 1. Patient Characteristic by Clostridioides difficile Disease Severity

Baseline Characteristics
All Cases
(N = 78)

Disease Severity

Non-Severe
(N = 51)

Severe
(N = 10)

Fulminant
(N = 6)

Unknown
(N = 11)

Age, mean y (SD) 68.83 (11.35) 68.23 (12.35) 73.17 (8.54) 70.64 (4.21) 66.68 (10.31)

BMI, mean kg/m2 (SD) 28.06 (6.99) 28.25 (6.77) 25.88 (6.71) 31.95 (8.42) 26.85 (6.15)

Chemotherapy, no. (%) 8 (10.26) 7 (13.73) 0 0 1 (9.09)

Abdominal surgery, no. (%) 4 (5.13) 1 (1.96) 3 (30.0) 0 0

PPI use, no. (%) 32 (41.03) 20 (39.22) 7 (70.0) 2 (33.33) 3 (27.27)

Antibiotics, no. (%)a 37 (47.44) 25 (49.02) 6 (60.0) 2 (33.33) 4 (36.36)

Note. BMI, body mass index; PPI, proton pump inhibitor.
aAny antibiotic administered or prescribed for at least 3 days during the 30 days preceding C. difficile infection diagnosis.

Table 2. Antibiotics Given 30 Days Prior to Development of CDI

Frequency
CDI Rate per 1,000
DOT (CDI/1 KDOT)Inpatient Antibiotics Total Non-severe Severe Fulminant Unknown

Intravenous

Piperacillin-tazobactam 9 4 3 2 : : : 1.54

Ceftriaxone 5 4 : : : 1 : : : 0.72

Vancomycin 4 3 1 : : : : : : 0.57

Ampicillin-sulbactam 4 3 : : : 1 : : : 1.58

Metronidazole 3 3 : : : : : : : : : 1.55

Cefazolin 2 2 : : : : : : : : : 0.38

Cefepime 2 2 : : : : : : : : : 0.52

Meropenem 2 2 : : : : : : : : : 3.56

Oral

Trimethroprim-sulfamethoxazole 4 3 1 : : : : : : 2.06

Amoxicillin-clavulanate 3 2 1 : : : : : : 1.16

Azithromycin 2 2 – : : : : : : 0.50

Cefuroxime 2 2 – : : : : : : 3.17

Ciprofloxacin 2 1 1 : : : : : : 1.18

Metronidazole 2 1 1 : : : : : : 1.75

Outpatient oral CDI Rate per 1,000 PD (CDI/1 KPD)

Amoxicillin-clavulanate 5 4 : : : : : : 1 0.050

Cephalexin 3 3 : : : : : : : : : 0.016

Clindamycin 3 : : : : : : : : : 3 0.020

Metronidazole 3 3 : : : : : : : : : 0.071

Ciprofloxacin 2 1 1 : : : : : : 0.031

Note. CDI, Clostridioides difficile infection; DOT, days of therapy; KDOT 1,000 days of therapy; PD, outpatient number of pills dispensed; KPD, 1,000 pills dispensed.
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antibiotic use pattern and guided our stewardship efforts.
Although the risk estimates may not be generalizable to other
institutions, the approach provides a simple way to describe
institution-specific antibiotic CDI risk. Future studies should
validate this approach to measuring CDI risk of antibiotics
and should evaluate whether changes in ASP recommendations
can shift CDI risk and/or decrease CDI events.

Overall, PTZ was the most common IV antibiotic given prior to
CDI (n= 9 cases). We will leverage this finding to encourage more
rational PTZ use, especially when anaerobic or antipseudomonal
coverage is not indicated. Ceftriaxone (CTX) was associated with
5 CDIs. CTX is one of the most common antibiotics used in the
hospital, and the CDI rate with this antibiotic was relatively low
(0.72 CDI per 1 KDOT). In diseases for which ampicillin-sulbactam
is an alternative to CTX (eg, community-acquired pneumonia), favor-
ing the former may increase CDIs; ampicillin-sulbactam had a higher
CDI rate (1.58 CDI per 1 KDOT).

Meropenem was associated with 2 CDI cases but had the high-
est CDI rate among the IV antibiotics for inpatients (3.56 CDI per 1
KDOT). Although the CDI rate is likely affected by low consump-
tion and use in high-risk (ie, critically ill) patients, our finding was
consistent with the prevailing literature.4,6 We have limited the use
ofmeropenem to those at risk for extended-spectrum β-lacatmase–
producing Enterobacterales, and we are considering opportunities
to further reduce inappropriate use. Cefepime had a lower CDI risk
than PTZ. Although some data suggest that PTZ is protective of
CDI,6 our findings suggest that cefepime may be preferentially rec-
ommended over PTZ in infections when either is appropriate.

In common diseases like inpatient urinary tract infections, we
may recommend de-escalation to oral regimens like AMC or
cefuroxime. Cefuroxime had higher CDI risk (3.17 CDI per 1
KDOT) than AMC (1.16 CDI per 1 KDOT). However, it is
doubtful that AMC was safer, given that it was associated with
5 outpatient CDI cases. We were unable to combine inpatient
and outpatient AMC data because the measures differ. Also,
we were unable to determine whether all dispensed antibiotics
were consumed. Finally, being an inpatient increases CDI risk.7

High-risk antibiotics (cephalosporins, ciprofloxacin, and clin-
damycin)4–6 were also identified as high risk in our study. Some
narrow-spectrum and lower-risk antibiotics were also associated
with CDI in our study (ie, vancomycin, metronidazole, azithromy-
cin, trimethoprim-sulfamethoxazole), perhaps due to high
utilization or their use in combination with higher-risk antibiotics.
We did not assess the effects of multiple antibiotic exposures on
CDI risk.

Most CDI cases were not severe. Increased age has been asso-
ciated with increased severity,8 consistent with our results. Only
10.26% of cases had chemotherapy prior to CDI, consistent with
studies in which no specific chemotherapy has been shown to
be an independent risk factor for CDI.9 PPIs were commonly used
prior to CDI, similar to prior studies.10

Our study had several limitations. We considered every antibi-
otic exposure as an independent exposure, and we did not analyze
the effects of combined antibiotics or multiple antibiotics given

prior to CDI. We also limited our chart review to our institution’s
records; thus, antibiotics prescribed and CDI diagnosed elsewhere
were not included. The single-center nature of the study limited
generalizability and did not supplant the established antibiotic risk
based on larger studies. Although we examined the association
between antibiotics and the development of CDI, causality cannot
be inferred. The relatively small sample size limited comparisons of
CDI risk across antibiotics. We intend to conduct a future study
when we have additional years of data and can examine howmodi-
fied antimicrobial policies may have changed CDI risk for individ-
ual antibiotics.

In this single-institution evaluation, simple calculations using
readily available data to stratify CDI risk to help guide antibiotic
stewardship policies to reduce CDI.
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