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Welcome!



Agenda
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• Introduction
• Today’s topic: 

• Reducing Hospital Onset C. Difficile Through Diagnostic 
Stewardship

Presenter:
Heather L. Cox, PharmD, BCIDP
Lead Pharmacist, Infectious Diseases​
Associate Director, Antimicrobial Stewardship​
Clinical Assistant Professor, Division of Infectious Diseases and 
International Health​
University of Virginia Health​

• Open discussion
• Closing remarks



As You Listen, Ponder…
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• What impactful actions can you take as a result of 
the information shared today?

• How are you able to increase engagement within 
your facilities to ensure a true change in patient 
safety?

• Based on what you heard today, what activities do 
you currently have underway that can leverage 
immediate action over the next 30, 60 or 90 days?



Meet Your Speaker

Heather L. Cox, PharmD, BCIDP
Lead Pharmacist, Infectious Diseases​
Associate Director, Antimicrobial 
Stewardship​
Clinical Assistant Professor, Division of 
Infectious Diseases and International 
Health​
University of Virginia Health​
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Reducing Hospital-Onset C. difficile infection (HO-
CDI) Through Diagnostic Stewardship: 
The University of Virginia Experience

June 2023



CDC. Antibiotic resistance threats in the United States, 2013. Atlanta, GA: US DHHS, CDC; 2013.
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U.S. DHHS 2013 Action Plan for HAI Prevention:
30% ↓ in HO-CDI by 2020

Created value-based incentive programs linking financial
penalties to hospital performance:
HO-CDI rates reported to NHSN beginning October 2016
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Alrawashdeh M, et al. JAMA Network Open 2021;4:e2132114.
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Value-based incentive program began including HO-
CDI: 6% decline in 1st quarter, 4% per quarter thereafter

TJC required antimicrobial stewardship programs in 2017 Q1

Alrawashdeh M, et al. JAMA Network Open 2021;4:e2132114.
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My goals today:

Explore diagnostic stewardship 
opportunities to reduce HO-CDI 

through the lens of the UVA 
Health experience. 

Share our tools, outcomes and 
lessons learned.



Let’s rewind to 
Sept 2016…



“C. difficile Coalition” established

Quality & Performance 
Improvement

• Chief as executive sponsor

• Coach

Antimicrobial Stewardship

• Medical Director (co-chair)

• Associate Director

Infection Prevention & Control

• Hospital Epidemiologist (co-chair)

• Infection Preventionists

Informatics

• Associate Chief Medical 
Information Officer

• Data analysts 



Coalition Expectations:

• Review HO-CDI cases within 1 business day 

• Connect with unit-based nurse and physician 

leaders following their independent review 

(using new case review tool)

• Identify opportunities for improvement 

(OFIs)

• Support unit leadership in presenting OFIs at 

“daily huddle” (M→F)

• Present data and action plans quarterly
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OFIs assigned to 3 stewardship “buckets” with leaders for each

Environmental Antimicrobial Diagnostic (NEW)

Slide adapted courtesy of Costi Sifri, MD



Diagnostic stewardship goals

Selecting the right test for the

right patient at the right

time to optimize clinical outcomes

and antimicrobial use.
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Messacar K, et al. J Clin Microbiol 2017;55:715-23.



Diagnostic stewardship in 3 stages:

Pre-analytic: 
Test decision-making and specimen collection

Analytic: 
Which test(s) to offer?

Post-analytic: 
Results interpretation and reporting

Madden GR, Poulter MD, Sifri CD. Diagnosis 2018;5:119-25.
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The challenge of CDI diagnostics

1. Diarrhea is common 
• 12-32% of hospitalized patients develop diarrhea
• <20% is attributable to CDI

2. Asymptomatic colonization is prevalent
• 3-8% upon admission 
• As high as 20-25% during hospitalization 
• Up to 50% in patients with cystic fibrosis or those in rehab or long-

term care facilities

3. No testing strategy definitively confirms infection 
• No prospectively validated diagnostic criteria for CDI exist
• Diagnosis based on combination of clinical/laboratory findings

Infect Control Hosp Epidemiol 2010;31:431-55; BMC Infect Dis 2015; 15 :516; Clin Infect Dis 2018;66:e1-e48; 
Infect Dis Ther 2021;10:687-97.
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Lee HS, et al. Infect Dis Ther 2021;10:687-97.
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Alrawashdeh M, et al. - JAMA Network Open 2021;4:e2132114.
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Most hospitals used 
NAAT as the 

predominant testing 
method

BUT

since it cannot 
distinguish between 

infection and 
colonization…

Alrawashdeh M, et al. JAMA Network Open 2021;4:e2132114.
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Polage CR, et al. JAMA Intern Med 2015;175:1792-1801. Kelly SG, et al. ICHE 2016; 37:1395-1400; Lee HS, et al. Infect Dis Ther 2021;10:687-97.



Pre-analytic phase
How were we deciding to test? 
Were our specimens appropriate?



Case Reviews:
Example Quarterly Summary of Diagnostic Opportunities for Improvement



Could we “agree” on 
institutional criteria for 

testing?

Initial education focused on best 
practice assessment to send tests when 
there was a high pre-test probability of 
disease

Video created by coalition and 
housewide distribution ensured by 
executive leadership

Flyers posted in workrooms and part 
of screensaver used on all 
workstations
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Interventions

Problem Intervention

Delayed collection 48 hour lockout on testing following the initial order

Formed stool sent for 
testing 

Tracked inappropriate specimens rejected for testing 
on QPI dashboard with real-time feedback to 
medical leaders and frontline staff

Low pre-test probability 
of disease Computerized clinical decision support tool
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Computerized clinical decision support (CCDS) tool

Madden GR, Mesner IG, Cox HL, et al. Infect Control Hosp Epidemiol 2018;39:737-40.
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C. Diff screening panel

Education:
Email
Video
In-person
Electronic dashboard
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The CCDS tool made a positive impact: 
41% fewer tests and 31% fewer LabID HO-CDI events

Madden GR, Mesner IG, Cox HL, et al. Infect Control Hosp Epidemiol 2018;39:737-40.
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Others have done this too:
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Madden GR, Poulter MD, Sifri CD. Diagnosis 2018;5:119-25.



Prevented tests were not associated with worse outcomes

Madden GR, Enfield KB, Sifri CD. Open Forum Infect Dis 2020 Mar18;7(4).
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Laxative use feature later added to CCDS tool

Lau CE, Morse RG, Sifri CD, Madden GR. SHEA 2020.
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Engaging our nurse colleagues in diagnostic 
stewardship efforts

• Bedside nurses responsible for laxative administration (often PRN orders) and 

stool documentation → overwhelmingly first to alert team to changes

• Case reviews revealed that nurses frequently recommended testing

• We needed to engage them in the conversation

• Created standard work for testing assessment

• Nursing leadership highly engaged and led education
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UVA Health C. Diff testing resource
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* * * * * *

Launch of C. diff coalition, case-based reviews; risk 
assessment decision support

Laxative alert decision support

Nursing education 
tool 2020
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* = Significantly > 1
* = Significantly < 1

Target SIR
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Analytic phase
Are we using the most appropriate 
testing methodology?

Post-analytic phase
How are we displaying results to the 
end user?
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What if NAAT/PCR 
were paired with 
toxin testing?

Polage CR, et al. JAMA Intern Med 2015;175:1792-1801.



What is the natural history and need for treatment of 
patients who are NAAT/PCR+ and toxin- for CDI?

• Of 293 PCR+, 55% were TOX-

• PCR+/TOX- specimens associated 

with milder symptoms and shorter 

duration of diarrhea

Polage CR, et al. JAMA Intern Med 2015;175:1792-1801.
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PCR+/TOX- and PCR-/TOX- patients had similar outcomes

Polage CR, et al. JAMA Intern Med 2015;175:1792-1801.

40



Polage CR, et al. JAMA Intern Med 2015;175:1792-1801.
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Meanwhile, the IDSA CDI Guidelines had been updated

1. Use a stool toxin test as part of a multistep algorithm rather than NAAT 

alone for all specimens when there are NO preagreed institutional criteria 

for patient stool submission OR

2. Use NAAT alone or a multistep algorithm for testing when there ARE

preagreed institutional criteria for patient stool submission

Infectious Diseases Society of America (IDSA). Clin Infect Dis 2018;66:e1-e48.
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UVA current practice: single step testing 

Do not test for C. diff No Clinical 
Suspicion

Yes

EPIC CCDS 
Supports TestingNoDo not test for C. diff

Yes

1st Step Test: 
C. diff PCR

-

Negative (PCR-)

+

Positive (PCR+)

Contact Precautions
Treatment Decision

Did we always ‘preagree” 
on institutional criteria 
for patient sample 
submission?

Slide adapted courtesy of Costi Sifri, MD



New: 2-step testing algorithm

Clinical 
SuspicionNoDo not test for C. diff

Yes

CCDS tool
supports testingNoDo not test for C. diff

Yes

1st Step Test: 
C. diff PCR

-

Negative (PCR-)

+

2nd Step Test: 
Toxin EIA  -

Discordant (PCR+/TOX-)
colonization vs infection

Contact Precautions
Treatment Decision

Positive (PCR+/TOX+)

Contact Precautions
Treatment Decision

+

Slide adapted courtesy of Costi Sifri, MD



Clostridioides difficile testing

PCR+

TOX+

PCR+

TOX-
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TOX+ versus TOX-

Toxin testing provided some 
with confidence to conclude 
colonization rather than 
infection, but not most.

ID consults often obtained but 
advice to stop CDI treatment 
often not followed.

5 in-hospital deaths with CDI 
as a contributing factor 
occurred in the TOX+ group vs 
none in the TOX- group.
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Dolan M, Cox H, Warren C, et al. IDWeek, 2021.



What have others found?

Antimicrobial stewardship team review of >800 cases over 4 years: 
Of 501 PCR+/TOX- samples, 43% considered clinical infection

610 patients evaluated. 
Single-step testing PCR+ only, 93% treated
PCR+/TOX- 42% treated (labeled “likely colonized”)
For TOX- patients, no difference in outcomes if treated vs not

663 PCR+/TOX- tests evaluated. If reporting:
PCR+ only, 92% treated
TOX- only, 15% treated
No difference in outcomes at 8 weeks

Lowe CF, et al. Antimicrob Steward Healthc Epidemiol 2022;2:3201; 
Hogan CA, et al. J Clin Microbiol 2022;60:e02187-21; Dbeibo L, et al. Clin Microbiol Infect [epub ahead of print 2023 Feb 19]
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A new measure on the horizon
Updating the surveillance definition to incorporate treatment
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Kociolek LK, et al. Infect Control Hosp Epidemiol 2023;44:527-49.

Healthcare facility-onset, treated CDI (HT-CDI) most likely case definition:

Any positive test for C. difficile on or after hospital day 4 from admission, and in

whom ≥ 5 days of CDI treatment was started within 2 calendar days of the

positive test. If a patient is discharged or transferred before receiving 5 days of

treatment, any treatment will count.



Lessons learned

Culture set by 
institutional leadership 
important to generate 
& sustain engagement

Case review in partnership 
with frontline staff essential 
to understand current state 
and plan next steps. We 
still do this.

Nurses are integral to 
testing decisions. We 
should have engaged 
earlier!

IT support to build 
dashboard, track data, & 
develop custom EMR 
changes critical
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Lessons learned (continued)

Aim for low hanging fruit 
and then optimize.

Diagnosing HO-CDI remains 
challenging. Ensure 
interventions don’t 
discourage appropriate 
testing. 

Work is time intensive 
but rewarding. 

It takes a village!
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CONNECT WITH US
Call 877.731.4746 or visit www.hqin.org

@HQINetwork
Health Quality Innovation Network



Discussion
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• What impactful actions can you take as a result of 
the information shared today?

• How are you able to increase engagement within 
your facilities to ensure a true change in patient 
safety?

• Based on what you heard today, what activities do 
you currently have underway that can leverage 
immediate action over the next 30, 60 or 90 days?



Final Thoughts
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Join Us for the Next Community of Practice Call!
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Join us for the next
Community of Practice Call on July 13, 2023

from 1:00 – 2:00 p.m. ET

We invite you to register at the following link:
https://zoom.us/webinar/register/WN_ASl_l3p_TEyx_VY_YYFFeA

You will receive a confirmation email with login details. 

https://zoom.us/webinar/register/WN_ASl_l3p_TEyx_VY_YYFFeA


Thank You!
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Your opinion is valuable to us. Please take 4
minutes to complete the post assessment.

We will use the information you provide to improve
future events.

https://www.surveymonkey.com/r/R3RLYRD
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