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The Effect of Clostridioides difficile Diagnostic 

Stewardship Interventions on the Diagnosis of 

Hospital-Onset Clostridioides difficile Infections 

Minji Kang, MD; Shira R. Abeles, MD; Robert El-Kareh, MD; Randy A. Taplitz, MD; Elizabeth Nyheim; 
Sharon L. Reed, MD; Ian H. Jenkins, MD; Gregory B. Seymann, MD; Frank E. Myers, MA; 
Francesca J. Torriani, MD, for the UCSDH CDI task force 

Background: Public reporting of Clostridioides difficile infection (CDI) using laboratory-identified events has led some 
institutions to revert from molecular-based tests to less sensitive testing modalities. At one academic medical center, re- 
searchers chose to use nucleic acid amplification test alone in CDI diagnosis with institutional protocols aimed at diagnostic 
stewardship. 

Methods: A single-center, quasi-experimental study was conducted to introduce and analyze the effects of various diag- 
nostic stewardship interventions. In April 2017 an order report was created to inform providers of patients’ recent bowel 
movements, laxative use, and prior Clostridioides difficile (CD) testing (Intervention 1). In November 2017 nursing staff
were empowered to not send nondiarrheal stools for testing (Intervention 2). In February 2019, an interruptive alert was 
implemented to prevent testing that was not indicated (Intervention 3). CD testing rates and healthcare facility-onset CDI 
(HO-CDI) rates were compared before and after the interventions using one-way analysis of variance (ANOVA). 

Results: At baseline, testing for CD after 3 days of admission was performed at mean ± standard deviation of 15.9 ± 1.7 

tests/1,000 patient-days. After Intervention 1, it decreased to 12.1 ± 1.1 tests. This further decreased to 10.6 ± 0.8 after 
Intervention 2 and to 8.1 ± 0.1 after Intervention 3 ( p < 0.001). HO-CDI cases per 10,000 patient-days declined from 

12.7 ± 1.4 cases at baseline to 10.7 ± 1.2 after Intervention 1, to 8.7 ± 2.4 after Intervention 2, and to 5.8 ± 0.2 after 
Intervention 3 ( p = 0.03). 

Conclusion: A multidisciplinary approach optimizing electronic health record support tools and leveraging nursing edu- 
cation can reduce both testing and HO-CDI rates while using the most sensitive testing modality. 
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lostridioides difficile infection (CDI) is one of the most
common health care–associated infections and is asso-

ciated with high morbidity and mortality. 1 The incidence
of CDI diagnosis has risen dramatically since the early
2000s, 1 , 2 with the initial increase attributed to the emer-
gence of a new hypervirulent strain, NAP1/BI/027. 3 The
more recent increase, however, has been attributed to the
greater detection and diagnosis of CDI with the highly sen-
sitive molecular-based tests. 4 , 5 The choice of laboratory test
significantly influences CDI rates, with a > 50% increase in
CDI diagnosis seen when performing molecular-based tests
instead of stool toxin tests as part of a multistep algorithm. 4

In 2009 the National Healthcare Safety Network
(NHSN) introduced an MDRO (multidrug-resistant or-
ganism)/CDI module with two core reporting options,
including Laboratory-Identified (LabID) Event report-
ing. The NHSN categorized positive laboratory tests for
Clostridioides difficile (CD) as “community-onset” (CO),
“community-onset healthcare facility-associated” (CO-
1553-7250/$-see front matter 
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HCFA), or “healthcare facility-onset” (HO) CDI events. 6 
To allow interfacility comparison, the NHSN implemented
the standardized infection ratio (SIR) in 2013, which com-
pared the number of observed HO-CDI LabID events for
each facility to the number of predicted HO-CDI events
for a comparable hospital. In 2016 the Centers for Medi-
care & Medicaid Services added the HO-CDI SIR to the list
of quality metrics used to rank hospitals and set inpatient
reimbursements. 7 Although the SIR is risk adjusted for the
testing method used, the adjustment formula is insufficient
and underestimates the impact of testing modalities. 8 

Given that nucleic acid amplification test (NAAT) de-
tects genes specific to toxigenic strains but not active toxin
protein production, using molecular-based tests without in-
stitutional protocols can result in the overdiagnosis of CDI.
Overdiagnosis and subsequent treatment of patients with
colonization rather than true infection harm patients by
exposing them to unnecessary antibiotics, increasing hos-
pital length of stay, and reducing patient satisfaction. 9 In
addition, it puts hospitals at significant financial risk by
falsely elevating CDI rates, which are tied to value-based
performance payment penalties. 10 In response, many hos-
pitals have reverted to the less sensitive multistep algorithm

https://doi.org/10.1016/j.jcjq.2020.05.004
https://doi.org/10.1016/j.jcjq.2020.05.004


458 Minji Kang, MD, et al. C. difficile Diagnostic Stewardship 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

involving CD toxin enzyme immunoassay (EIA) for CDI
diagnosis. 10 

At our large academic medical center, CD NAAT alone
is used in the diagnosis of CDI, as opposed to a multistep al-
gorithm including the CD toxin EIA to improve sensitivity
of CD diagnosis. To combat the potential for overdiagnosis,
we implemented various systemwide interventions focused
on CD diagnostic stewardship in the inpatient setting. 

METHODS 

Study Setting 

We performed a single-center, quasi-experimental study to
evaluate the impact of CD diagnostic stewardship interven-
tions from January 1, 2016, to June 30, 2019. University
of California, San Diego Health (UCSDH) consists of two
campuses within the same health care system with a com-
bined capacity of 799 beds. 

At our institution, CD testing is performed with CD
toxin B polymerase chain reaction (PCR) (Focus Diagnos-
tics, Cypress, California) or BioFire FilmArray gastrointesti-
nal (GI) panel (Biofire Diagnostics, Salt Lake City), which
tests for bacterial (including CD), viral, and parasitic DNA,
and viral RNA for various community-acquired diarrheal
diseases. This study was reviewed by the Institutional Re-
view Board at University of California, San Diego and was
deemed to be exempt from approval as a category 4 study
under subsection 3 for the purposes of health care opera-
tions. 

Intervention 

In September 2016 the CDI Task Force, which consisted
of infectious diseases physicians, hospitalists, infection pre-
ventionist, nursing educator, and director of microbiology,
was created. Prior to and throughout the interventions, we
reviewed and quantified the frequency of attempted CD
test orders that were not indicated. Consistent with the
2017 Infectious Diseases Society of America and Society for
Healthcare Epidemiology of America guideline, CD testing
was deemed not indicated if patients had (1) < 3 diarrheal
stools in the past 24 hours, (2) laxative use within the past
24 hours, or (3) recent CD testing completed within the
past 7 days. 11 Biofire GI panel was considered not indicated
if ordered after 48 hours of hospital admission. GI panels
completed after 2 days were of interest, as GI panels are to
be used for diagnosis of community-acquired diarrheal dis-
eases and should ideally be obtained at admission or within
2 days of admission. 

In April 2017 we implemented an order report within
the electronic health record (Epic; Epic Systems Corpora-
tion, Verona, Wisconsin) to provide the ordering clinicians
with a clinical context regarding the CD test being ordered.
Providers were informed of the following at the time of CD
PCR order entry: laxative administration within the past
24 hours, CD test results within the past 7 days, and the
frequency and quality of documented bowel movements
within the past 24 hours (Intervention 1). In November
2017 nursing educators taught nursing staff on stool ap-
pearance using the Bristol Stool Scale 12 to reinforce the
proper documentation of stool form and frequency in the
electronic health record. Nursing educators then reviewed
compliance with this measure, and additional training was
performed in units with low compliance. Nurses were then
empowered within the testing order protocol to not send
stool with Bristol Stool Scale < 6 (Intervention 2). In the
absence of at least 3 diarrheal stool, nurses were empow-
ered to document “not sent based on order criteria” to inac-
tivate the order. In February 2019 three interruptive alerts
were implemented to prevent providers from ordering (1)
GI panels more than 2 days after admission, (2) CD PCRs
after laxative administration within 24 hours, and (3) repeat
CD testing within 7 days of a resulted CD test (Interven-
tion 3). The following subclasses of laxatives were included:
bulk, emollients/fecal softeners, osmotic, saline, and stimu-
lants. All CD test orders with laxative use within 24 hours
regardless of patient risk factors required the adjudication
of the on-call infectious diseases physician. To override this
alert, providers were required to contact the on-call infec-
tious diseases physician for adjudication. If deemed appro-
priate by the on-call infectious diseases reviewing provider,
an approval code was provided for placement in the order
entry to bypass the alert and continue with test ordering. 

Data Collection 

Epic Bugsy (Epic Systems Corporation, Verona, Wiscon-
sin), a data reporting module used in infection surveillance,
was used to obtain the aggregate number of GI panels com-
pleted after 2 days of admission, repeat CD tests within 7
days of a prior result, and all completed CD tests result-
ing after 3 days of admission per quarter from January 1,
2016, to June 30, 2019. The number of tests completed
was normalized to 1,000 patient-days. NHSN–reported
HO-CDI cases, CO-CDI cases, and our institutional HO-
CDI SIR per quarter from January 1, 2016, to June 30,
2019, were obtained from UCSDH’s Infection Preven-
tion/Epidemiology Unit. NHSN–reported HO-CDI cases
were normalized to 10,000 patient-days. 

Statistical Analysis 

Data were analyzed using SPSS Statistics 25 (IBM Corp.,
Armonk, New York). Continuous variables were reported
as means with standard deviations (SDs). Changes in CD
testing rates, CD diagnoses, and SIR at baseline and after
the interventions were assessed using one-way analysis of
variance (ANOVA). All tests were two-sided, and p < 0.05
was considered statistically significant. 
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Table 1. CD Tests Completed and Percent Positive Before and After the Interventions 

Baseline Intervention 1 Intervention 2 Intervention 3 P Value 

All tests completed (mean ±
SD/1,000 patient-days) 

15.9 ± 1.7 12.1 ± 1.1 10.6 ± 0.8 8.1 ± 0.1 < 0.001 

Percent positive (mean ± SD %) 8.4 ± 0.9 10.2 ± 0.3 11.9 ± 1.2 9.1 ± 0.3 < 0.001 
Cost ($ mean ± SD) 21,771 ± 2,961 19,107 ± 1,017 15,988 ± 1,300 13,337 ± 576 0.002 
Repeat tests within 7 days (mean 

± SD/1,000 patient-days) 
2.8 ± 0.8 1.4 ± 0.3 0.8 ± 0.2 0.3 ± 0.03 < 0.001 

Percent positive (mean ± SD %) 6.8 ± 2.4 5.6 ± 3.6 4.2 ± 5.2 0.0 ± 0.0 0.21 
GI PCR after 2 days of admission 

(mean ± SD/1,000 patient-days) 
1.9 ± 0.3 2.2 ± 0.3 2.0 ± 0.2 1.6 ± 0.1 0.09 

Percent positive (mean ± SD %) 11.5 ± 2.4 15.7 ± 2.5 18.6 ± 3.5 18.1 ± 1.5 0.01 

CD, Clostridioides difficile ; SD, standard deviation; GI PCR, gastrointestinal polymerase chain reaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS 

Hospital-Based CD Testing Rates 

During the baseline period (January 1, 2016, to March 31,
2017), a mean ± SD of 15.9 ± 1.7 CD tests/1,000 patient-
days per quarter were completed among hospitalized pa-
tients after 3 days of admission. This decreased to 12.1 ±
1.1 after Intervention 1 (April 1, 2017, to September 30,
2017), to 10.6 ± 0.8 after Intervention 2 (October 1, 2017,
to December 31, 2018), and to 8.1 ± 0.1 after Intervention
3 (January 1, 2019, to June 30, 2019) ( p < 0.001) ( Table 1 ,
Figure 1 a). Repeat testing for CD within 7 days of a prior
result decreased from 2.8 ± 0.8 tests/1,000 patient-days per
quarter at baseline to 1.4 ± 0.3 after Intervention 1, to 0.8
± 0.2 after Intervention 2, and to 0.3 ± 0.03 after Inter-
vention 3 ( p < 0.001) ( Table 1 , Figure 1 b). GI panel testing
after 2 days of admission remained unchanged during the
study period, from 1.9 ± 0.3 tests/1,000 patient-days per
quarter at baseline to 2.2 ± 0.3 after Intervention 1, to 2.0
± 0.2 after Intervention 2, and to 1.6 ± 0.1 after Interven-
tion 3 ( p = 0.09) ( Table 1 , Figure 1 b). 

The percent positivity of total tests for CD increased
from 8.4% ± 0.9% to 10.2% ± 0.3% after Intervention
1 and to 11.9% ± 1.2% after Intervention 2 but dropped
again to 9.1% ± 0.3% after Intervention 3 ( p < 0.001)
( Table 1 ). Although the percentage of repeat tests that were
positive within 7 days decreased from 2.8% ± 0.8% to
1.4% ± 0.3% after Intervention 1, to 0.8% ± 0.2% after
Intervention 2, and to no positive tests after Intervention
3, this was not statistically significant ( Table 1 ). The per-
centage of CD positive GI panels after 2 days of admission
increased from 11.5% ± 2.4% to 15.7% ± 2.5% after In-
tervention 1, to 18.6% ± 3.5% after Intervention 2, and to
18.1% ± 1.5% after Intervention 3 ( p = 0.01) ( Table 1 ). 

Laboratory Cost 

During the study period, estimated cost of CD PCR was
$25, and GI panel was $140 for laboratory material alone.
The cost of all CD tests completed after 3 days of admis-
sion was $21,771 ± $2,961 per quarter at baseline and de-
creased to $19,107 ± $1,017 after Intervention 1. The cost
decreased to $15,988 ± $1,300 after Intervention 2 and to
$13,337 ± $576 after Intervention 3 ( p = 0.002) ( Table 1 ).
Cost savings from CD treatment, personnel time, length of
stay, or patient isolation efforts were not included in this
calculation. 

CD Test Orders Not Meeting Indication 

The absence of diarrhea was the most common reason for
a not indicated CD testing order. On average, 53.9 ± 11.4
orders did not meet the criteria for diarrhea. Laxative use
within 24 hours was seen in 28.7 ± 7.2 orders per week.
GI panels after 48 hours of admission were ordered 8.6 ±
3.7 times per week, and repeat CD tests within 7 days were
ordered 7.7 ± 4.2 times per week ( Figure 2 ). 

CDI Diagnoses and SIR 

NHSN–reported HO-CDI cases per 10,000 patient-days
declined from 12.7 ± 1.4 per quarter at baseline to 10.7 ±
1.2 after Intervention 1, to 8.7 ± 2.4 after Intervention 2,
and to 5.8 ± 0.2 after Intervention 3 ( p = 0.003) ( Table 2 ,
Figure 1 c). NHSN–reported CO-CDI cases per quarter
remained unchanged with each intervention ( p = 0.80)
( Table 2 , Figure 1 c). SIR was 1.05 ± 0.24 at baseline and
1.09 ± 0.16 after Intervention 1. There was a downward
trend in SIR to 0.99 ± 0.20 after Intervention 2 and to 0.71
± 0.06 after Intervention 3, though this change was overall
not statistically significant ( p = 0.24) ( Table 2 , Figure 1 d). 

DISCUSSION 

Our results emphasize that CDI rates based on positive
NAAT alone led to an overestimation of the true burden
of disease but that HO-CDI rate can be dramatically im-
proved with diagnostic stewardship. In addition, we re-
duced the testing frequency for CD tests after 3 days of ad-
mission while increasing the percent positivity, suggesting
that testing was performed when high index of suspicion
for CD was present. 
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Figure 1: Shown in 1a are the total CD tests completed per quarter at baseline and throughout Interventions 1–3. 1b shows 
repeat CD tests within 7 days and GI PCR after 2 days of admission completed per quarter at baseline and throughout In- 
terventions 1–3. Gray line represents GI PCR after 2 days of admission and dotted line represents repeat CD tests within 

7 days. Shown in 1c are NHSN–reported HO- and CO-CDI cases diagnosed per quarter at baseline and throughout Interven- 
tions 1–3. Bar graph represents CO-CDI cases diagnosed, and dashed line represents HO-CDI cases diagnosed. 1d shows 
SIR per quarter at baseline and throughout Interventions 1–3. CD, Clostridioides difficile ; CDI, Clostridioides difficile infec- 
tion; Q, quarter; GI NAAT, gastrointestinal nucleic acid amplification test; HO-CDI, healthcare facility-onset Clostridioides 
difficile infection; NHSN, National Healthcare Safety Network; CO-CDI, community-onset Clostridioides difficile infection; 
SIR, standardized infection ratio; GI PCR, gastrointestinal polymerase chain reaction; Q, quarter. 

Table 2. Clostridioides difficile Cases Diagnosed Before and After the Intervention 

Baseline Intervention 1 Intervention 2 Intervention 3 P Value 

NHSN–reported HO-CDI cases 
(mean ± SD/10,000 
patient-days) 

12.7 ± 1.4 10.7 ± 1.2 8.7 ± 2.4 5.8 ± 0.2 0.003 

NHSN–reported CO-CDI cases 
(mean ± SD) 

58.2 ± 11.9 60.0 ± 7.6 64.5 ± 8.7 60.0 ± 0.0 0.80 

SIR (mean ± SD %) 1.05 ± 0.24 1.09 ± 0.16 0.99 ± 0.20 0.71 ± 0.06 0.24 

NHSN, National Healthcare Safety Network; HO-CDI, healthcare facility-onset Clostridioides difficile infection; SD, standard deviation; 
CO-CDI, community-onset Clostridioides difficile infection; SIR, standardized infection ratio. 
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Figure 2: Shown are the number of times an alert was triggered for following reason: laxative use within 24 hours, repeat 
CD test within 7 days, GI panel 48 hours after admission, < 3 stools and Bristol Stool score < 6 within 24 hours. CD, 
Clostridioides difficile ; Q, quarter; GI, gastrointestinal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prior studies have reported various approaches to im-
plementing CD diagnostic stewardship. Use of computer-
ized clinical decision support including “hard stops” has
decreased CD testing rates but showed variable impact on
HO-CDI rates. 13–19 Educational interventions informing
health care providers on the limitations of PCR reduced
overall CD testing but did not decrease HO-CDI rates. 20 

Hospitalwide educational campaigns combined with mea-
sures taken by the microbiology laboratory to reject nonliq-
uid stool samples or delayed receipt of stool samples led
to marked reductions in CD testing and CDI rates. 21 At
our institution, prior protocols that made the microbi-
ology laboratory responsible for rejecting nonliquid stool
samples were met with limited success and pushback from
providers. 

Our approach to CD diagnostic stewardship engaged
nursing staff and leveraged computerized clinical decision
support while limiting the need for direct oversight by in-
fectious diseases physicians to scenarios when CD testing
outside of guidelines was felt to be clinically indicated.
Although some initiatives required increasing workforce,
which make interventions more costly, time-consuming,
and more difficult to sustain, 22 our multidisciplinary ap-
proach leveraging electronic health record support tools and
nursing education reduced testing frequency and HO-CDI
rates with minimal increase in workforce, resulting in sig-
nificant cost savings. Per providers, the interruptive alert
minimally interfered with the workflow and did not add
significant burden to the workload. 

Recently, some groups have expressed concerns that di-
agnostic stewardship efforts such as requiring the discon-
tinuation of laxatives may delay the diagnosis of CDI and
result in serious adverse outcomes. 23 However, at our insti-
tution, at most 3.4% of cases were delayed due to the inter-
ruptive alert in patients with laxative use within 24 hours.
In addition, there were no severe CDI cases that led to ICU
admission, colectomy, or death. 24 

Some have advocated for a two-step algorithm with glu-
tamate dehydrogenase (GDH) and CD toxin A/B EIA
to avoid the risk of overdiagnosis with NAATs, but this
does not address the problem of excessive test ordering by
providers. It does, however, decrease the sensitivity of test-
ing and increase time to results. 25 The GDH assays have a
lower sensitivity for specimens positive for ribotypes other
than 027, which can affect the detection of CDI. 26 In ad-
dition, studies have reported that 12% to 13% of samples
required additional testing with molecular tests or cell cul-
ture for definitive results due to discrepant results in GDH
and toxin A/B EIA. 27 , 28 Although such three-step testing
can reduce the number of specimens that would require the
more expensive molecular tests, this increases time to re-
sult. 25 Instead, enforcing limits on overall testing of liquid
stool in hospitalized patients via low-cost interventions can
minimize false positive results. 

Limitations to this study include the single academic
medical center and the quasi-experimental study design.
No other major interventions occurred concurrently, so it
is unlikely that other factors had major contributions to the
changes seen in CD test ordering and diagnoses rates dur-
ing the time of this study. CO-CDI rates remained similar
over time as well. Given that all three interventions were
implemented sequentially together, we cannot directly es-
timate the impact of a single intervention on test ordering
and CDI rates. In addition, the number of times in which
the alert was triggered for CD test order not meeting indica-
tion remained relatively unchanged from quarter 3 2018 to
quarter 2 2019. Unfortunately, there were shortcomings in
retrieving the number of times in which the alert was trig-
gered prior to quarter 3 2018. Given this is reflective of only
the last four quarters of the study period, its impact on not



462 Minji Kang, MD, et al. C. difficile Diagnostic Stewardship 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

indicated CD test order was unable to be fully captured.
Finally, although the absence of at least 3 diarrheal stools
within the past 24 hours was by far the most common rea-
son for CD test order not indicated throughout the inter-
ventions, we opted not to pursue it beyond informational
purposes until documentation on frequency and quality of
stools in the electronic medical records became highly con-
sistent and accurate. With stepwise improvement on the ac-
curacy of this process measure, future focus will concentrate
on implementing an interruptive alert on patients without
diarrhea. We expect that this will lead to a further decline
in unnecessary tests and optimize the accuracy of CDI di-
agnosis. 

CONCLUSION 

Although decreases in true HO-CDI can be obtained
through infection prevention practices and antimicrobial
stewardship initiatives, 29 , 30 diagnostic stewardship is key to
guiding appropriate clinical behavior to limit testing to pa-
tients in whom a high index of suspicion is present. Opti-
mizing test utilization to reduce unnecessary tests and di-
agnostic errors remains crucial in CDI diagnosis, allowing
for institutions to better focus on prevention of true CDI
through improved infection prevention and antibiotic stew-
ardship efforts. 
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