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BACKGROUND

3

Background
• C.	difficile	infections	have	become	the	most	frequent	cause	of	healthcare-

associated	infection	in	the	USA1-3

• 500,000	cases	per	year2

• 29,000	deaths2

• $4.8	billion	in	excess	medical	costs2

• One	of	only	3	microorganisms	designated	as	an	“Urgent	threat”	to	the	
population	by	CDC3

1. Leffler DA et al. N Engl J Med 2015;372:1539-48.
2. Lessa FC, et al. N Engl J Med 2015;372:825-34.
3. CDC ARO report Sept. 16, 2013. 4
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Evolution of CDI
A small victory

5

CDC 2019 
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47% 49%
37%

38%
36%

29% 28.5%

% NAP1

Katz K et al. CMAJ. 2018 Jun 25;190(25):E758-E765. 7

Figure 2 – Évolution des taux d’incidence des DACD nosocomiales (cat. 1a et 1b) pour les 
installations participantes (N = 94) 1 selon la période administrative, ensemble du Québec, 2004-
2005 à 2017-2018 (taux d’incidence par 10 000 jours-présence [I.C. à 95 %])

>75% 
DECREASE

Why embark in a ACDC screening and isolation program?
We already solved CDI!

No need to improve any further…
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Did we “solve” the CDI issue?

9

Because CDI is a problem

1
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Room for improvement

• 13%	of	U.S.	hospitals	have	CDI	rates	significantly	above	
average

• Even	a	decrease	of	an	additional	25%-30%	would	lead	to	
significant	life	savings

• How	long	should	we	go?	Try	to	eliminate	CDI	

https://gis.cdc.gov/grasp/PSA/HAIreport.html 11

CDC 2019
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SSI:  
157,000 cases; 
4700 deaths (3% mortality)

https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf
OntheCUSPStopHAI.org

. 

• C.	difficile	infections	burden

• 500,000	cases	per	year2

• 29,000	deaths2

• $4.8	billion	in	excess	medical	costs2

CLABSI: 
84,000-203,000 cases; 
10,000-25,000 deaths

200,000 

12,000 

13

PREVENTION
Could we go even further?

14
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Prevention of CDI

• Current recommendations relatively unchanged for	
more	than 20	years1,2

– i.e.	prior	to	the	onset	of	the	NAP1	epidemic

1. Dubberke ER, et al. Strategies to prevent Clostridium difficile infections: 2014 update. Infect Control Hosp
Epidemiol 2014;35 Suppl 2:S48-65.

2. Vonberg RP, et al. Infection control measures to limit the spread of Clostridium difficile. Clin Microbiol Infect 
2008;14 Suppl 5:2-20.

15

Guidelines
• Measures	recommended	to	prevent	CDI

– Contact	Precautions for	symptomatic patients
• Only	for	duration	of	diarrhea

– Hand	hygiene
• Hand	washing	in	outbreak	setting

– Environmental	cleaning with	chlorine-based	agent

– Optimization	of	antimicrobial	use
• Minimize	duration
• Avoid	high-risk	drugs

Cohen, S.H., et al., Infect Control Hosp Epidemiol, 2010. 31(5): p. 431-55.

16
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Guidelines
• Other	Secondary	Measures	to	prevent	CDI

– Surveillance	and	feedback	of	CDI	incidence

– No	touch	disinfection	systems
• As	effective	as	hypochlorite	(not	more	effective)
• May	be	effective	in	reducing	transmission

– Educate	HCWs,	patients	and	visitors	on	how	to	prevent	CDI

Cohen, S.H., et al., Infect Control Hosp Epidemiol, 2010. 31(5): p. 431-55.
Tschudin-Sutter S et al. Clin Microbiol Infect 2018. 24(10): 1051-1054

17

Guidelines
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Which component is most 
important?

Original Article

Correlation of prevention practices with rates of health
care-associated Clostridioides difficile infection

Jackson S. Musuuza MBBS, MPH, PhD1,2, Linda McKinley RN, BSN, MPH, CIC, FAPIC1, Julie A. Keating PhD1,
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Eli N. Perencevich MD, MS7,9, Heather Schacht Reisinger PhD, MAA7,9, Marin L. Schweizer PhD7,9,

Katie J. Suda PharmD, MS3,10, Loretta A. Simbartl MS6 and Nasia Safdar MD, PhD1,2

1William S. Middleton Memorial Veterans’ Hospital, Madison, Wisconsin, 2Department of Medicine, University of Wisconsin School of Medicine and Public Health,
Madison, Wisconsin, 3Veterans’ Affairs (VA) Center of Innovation for Complex Chronic Healthcare, Hines, Illinois, 4Department of Preventive Medicine, Center for
Healthcare Studies, Northwestern University, Chicago, Illinois, 5Lexington VA Medical Center, Lexington, Kentucky, 6National Infectious Diseases Service, Specialty
Care Services, Veterans Health Administration, Cincinnati, Ohio, 7Iowa City VA Health Care System, Iowa City, Iowa, 8VA Maryland Health Care System VA,
Baltimore, Maryland, 9Department of Internal Medicine, Carver College of Medicine, University of Iowa and 10College of Pharmacy, Department of Pharmacy
Systems, Outcomes and Policy, University of Illinois at Chicago

Abstract

Objective: We examined Clostridioides difficile infection (CDI) prevention practices and their relationship with hospital-onset healthcare
facility-associated CDI rates (CDI rates) in Veterans Affairs (VA) acute-care facilities.

Design: Cross-sectional study.

Methods: From January 2017 to February 2017, we conducted an electronic survey of CDI prevention practices and hospital characteristics in
the VA.We linked survey data with CDI rate data for the period January 2015 to December 2016. We stratified facilities according to whether
their overall CDI rate per 10,000 bed days of care was above or below the national VA mean CDI rate. We examined whether specific CDI
prevention practices were associated with an increased risk of a CDI rate above the national VA mean CDI rate.

Results: All 126 facilities responded (100% response rate). Since implementing CDI prevention practices in July 2012, 60 of 123 facilities (49%)
reported a decrease in CDI rates; 22 of 123 facilities (18%) reported an increase, and 41 of 123 (33%) reported no change. Facilities reporting an
increase in the CDI rate (vs those reporting a decrease) after implementing prevention practices were 2.54 times more likely to have CDI rates
that were above the national mean CDI rate. Whether a facility’s CDI rates were above or below the national mean CDI rate was not associated
with self-reported cleaning practices, duration of contact precautions, availability of private rooms, or certification of infection preventionists
in infection prevention.

Conclusions:We found considerable variation in CDI rates.Wewere unable to identify which particular CDI prevention practices (i.e., bundle
components) were associated with lower CDI rates.

(Received 31 May 2019; accepted 16 September 2019; electronically published 29 October 2019)

Clostridioides difficile infection (CDI) leads to increased morbidity
and mortality, extended hospital stays, and increased healthcare
utilization and costs.1–4

In July 2012, the VA, the largest integrated healthcare system in
the United States, introduced a CDI prevention initiative (i.e., a
CDI bundle) within its acute-care facilities with a goal of reducing
CDI rates to zero within two years of implementing the program.
The CDI bundle includes practice recommendations for four CDI

prevention areas: (1) environmental cleaning, in which various
products could be used, such as bleach or hydrogen peroxide;
(2) hand hygiene using water and soap; (3) contact precautions
for patients with suspected or confirmed CDI; and (4) cultural
transformation in which everyone becomes a stakeholder in infec-
tion prevention. This initiative was a VA national directive man-
dating participation and was implemented by all VA facilities
nationwide.

An analysis of the period July 2012 to March 2015 showed
that the CDI bundle was associated with reduced hospital-onset
healthcare facility-associated (HO-HCFA) CDI rates across the
VA system.5 However, the impact of individual CDI prevention
practices on CDI rates (eg, duration of isolation precautions for

Author for correspondence: Nasia Safdar, Email: ns2@medicine.wisc.edu.
Cite this article: Musuuza JS, et al. (2020). Correlation of prevention practices with

rates of health care-associated Clostridioides difficile infection. Infection Control &
Hospital Epidemiology, 41: 52–58, https://doi.org/10.1017/ice.2019.290

© 2019 by The Society for Healthcare Epidemiology of America. All rights reserved. This work is classified, for copyright purposes, as a work of the U.S. Government and is not subject to
copyright protection within the United States.
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Survey of 126 hospitals in VA system in the US 2017

Musuuza JS et al. Infect Control Hospit Epidemiol 2020 41(1): 52-58
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Current recommendations

• Current preventive recommendations focus	mainly on	
patients	with CDI,	but	are	insufficient to	interrupt the	
dissemination of	this microorganism in	healthcare
settings1,2

1. Dubberke ER, et al. Strategies to prevent Clostridium difficile infections: 2014 update. Infect Control 
Hosp Epidemiol 2014;35 Suppl 2:S48-65.

2. Vonberg RP, et al. Infection control measures to limit the spread of Clostridium difficile. Clin Microbiol
Infect 2008;14 Suppl 5:2-20.

20
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Cross-transmission in Acute Care
Asymptomatic	colonization	is	frequent	
during	hospitalization	in	acute	care	settings

• 9.4% (54/569)	of	patients	during	their	hospital	stay1

• 17% acquired	C.difficile during	their	hospitalization2

• 12% of	patients	admitted	on	a	geriatric	unit3

• 8% (6/76)	during	their	hospital	stay4

• 21% (83/399)	acquired	C.	difficile	during	their	stay.	A	third	progressed	to	CDI5

• Approximately	10%	after	21	days	of	hospitalisation6

1. Clabots CR. J Infect Dis 1992;166:561-7.
2. Kyne L. N Engl J Med 2000;342:390-7.
3. Rudensky B. Postgrad Med J 1993;69:45-7.
4. Bliss DZ. Ann Intern Med 1998;129:1012-9
5. McFarland LV. N Engl J Med 1989;320:204-10.
6. Loo V et al. N Engl J Med 365;18: 1693-1703 21

Ongoing Transmission in Quebec Hospitals
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Ongoing Transmission in Quebec Hospitals
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Ongoing transmission 
DESPITE isolation of patients 
with CDI as per GL

Source of residual
transmission?

1. CDI “breakthrough” 
transmission?

2. Healthcare workers? 

3. Food?

4. CD carriers?

23

Kwon JH et al. Infect Control Hosp Epidemiol
2016;37:1401–1407

2 patients had food + for CD
1 of 2 patients tested for CD at 
d/c and found negative

Stochastic modeling: food would 
be responsible for < 1 newly 
colonized patient /1,000 adms.

24
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Unrecognized transmission? 
• Observational	study,	Switzerland	single	center

• Culture	of	shoes	twice	per	shift	of	HCWs	caring	for	patients	with	C.	difficile

• Comparison	with	patient’s	C.	difficile	strain

• RESULT:	17%	of	HCWs’	shoes	contaminated	with	C.	difficile
– 74%	strain	matching	the	patient’s
– A	longer	duration	of	care	associated	with	greater	odds	of	matching	isolates	between	shoes	and	patient	strain	(100	

min	vs	70	min,	p=0.007)
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Ongoing Transmission in Quebec Hospitals
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Ongoing transmission 
DESPITE isolation of patients 
with CDI as per GL

Source of residual
transmission?

1. CDI “breakthrough” 
transmission?

2. Healthcare workers? 

3. Food?

4. CD carriers?

Unlikely
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How numerous are CD-AC?
• A	point-prevalence	of	patients	hospitalized	in	a	LTCF	during	an	epidemic	showed	a	

very	high	prevalence	(35/73)	of	asymptomatic	carriers	and	CDAD	patients	(5/73)	
(A:S	ratio:	7:1)1

• A	prevalence	study	of	patients	hospit.	for	>7days	in	a	gen.	hospital	9	were	
symptomatic	and	51	were	asymptomatic	(A:S	ratio	5:1)2

• In	a	large	multicentric study	in	Quebec,	there	were	192	CDI	cases	(75	on	admission	
and	117	after	admission)		and	307	CD-AC	(184	on	admission	and	123	after	
admission)		(A:S	ratio:	1.5:1)3

1. Riggs MM, Clin Infect Dis 2007;45:992-8.
2. Johnson S et al. Lancet 1990;336:97-100.
3. Loo V et al. N Engl J Med. 2011 Nov 3;365(18):1693-703

27

Zacharioudakis IM, et al. Am J Gastroenterol 2015; 110(3): 381-90
28
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Contagiousness of 
CDI patients

Just how “contagious” are they?

29

Sethi AK at al. Infect Control Hosp Epidemiol. 2010 Jan;31(1):21-7. doi: 10.1086/649016.

Contagiousness of patients with CDI on the day of diagnosis

30
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Contagiousness of CDI patients

Skin colonization 
of CDI patients

Transfer to 
gloves

Bobulski GS, Clin Infect Dis 2008

31

CD-AC are not as 
contagious as CDI 
patients… but almost!

C.	difficile	is	present	on	the	
SKIN of	asymptomatic	carriers

78%
61%

19%

C.	difficile	in	the	IMMEDIATE	
SURROUNDINGS of	asymptomatic	
carriers

78%
59%

24%

Riggs MM. Clin Infect Dis 2007;45:992-8

32
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C.	difficile	present	on	skin	of	
asymptomatic	carriers	can	be	
transferred	to	HCWs’	hands	

30-60%	of	time

Bobulsky GS. et al., Clin Infect Dis. 2008; 46(3):447-50

…And an ABHRS won’t kill them

33

Duration isolation precautions

CDI

CDI	treatment
D/C

How long should we isolate CDI patients?

Uncertainty highlights doubt over role of carriers

34



Clostridioides difficile	Asymptomatic	Carriers:	Should	We	Care	About	Them?
Prof.	Yves	Longtin,	McGill	University,	Montreal

A	Webber	Training	Teleclass	

Hosted	by	Paul	Webber		paul@webbertraining.com
www.webbertraining.com

18

Duration isolation precautions

CDI

CDI	treatment

SHEA 2002
Only if incontinent

INSPQ 2005
until 72h asympto

CDC HICPAC 1996
CDC 2007

Duration illness
PHAC – 2012

U.K.
IDSA 2018

48 h normal BM

D/C

IDSA 2018 if rates 
too high despite
implemtnation of 
basic measures

ESCMID 2018: No 
recommendation can be made, 
but not until discharge

35

Duration isolation precautions

CDI

CDI	treatment

SHEA 2002
Only if incontinent

INSPQ 2005
until 72h asympto

CDC HICPAC 1996
CDC 2007

Duration illness
PHAC - 2012

48 h normal BM

D/C

SHEA 2014

36
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Sethi AK at al. Infect Control Hosp Epidemiol. 2010 Jan;31(1):21-7. doi: 10.1086/649016.

D/C precautions
Terminal disinfection

Unknown recontamination of env.

37

Blixt T et al. Gastroenterology. 2017 Apr;152(5):1031-1041.

C. difficile carriers can cause CDI in other patients

38
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• Observational	study

• 8	wards	in	2	hospitals	in	Copenhagen

• CDI	incidence	2-2.5	per	1,000	patient-days

• Private	rooms	rare

Blixt T et al. Gastroenterology. 2017 Apr;152(5):1031-
1041.

39

Blixt T et al. Gastroenterology. 2017 Apr;152(5):1031-1041.

NNTH: 71 (ward level) and 50 (room level)

40
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Room attribution and risk of CDI

• In	ICU,	occupying	a	
room	of	a	CDI	
patient	increases	
risk	of	CDI	two-fold

• Still:	90%	of	CDI	
could	not	be	linked	
to	previous	CDI	
case

HR, 2.35 (95% CI, 1.21–4.54) p=0.01

Overall risk: 4.6%

Overall risk: 11%

Shaughnessy MK et al. Infect Control Hosp Epidemiol 2011;32(3): 201–206. 41

• Comparing	samples	from	patients	with	CDI	with	prior	samples	from	within	
the	cohort	by	WGS	(threshold	<2snp)
– 105	cases	(52%)	cases	linked	to	a	prior	sample

• 65	(62%)	linked	to	both	infected	and	CD	carrier
• 28	(26%)	only	linked	to	CDI	Case
• 12	(11%)	only	linked	to	CD	carrier

– 96	cases	(48%)	could	not	be	linked	to	another	patient
• Over-representation	of	CD	carriers	in	this	population?		(ratio	colonization/infection:	1.3	:	1)

42
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Modeling Studies
• Asymptomatic	carriers	play	a	role	

in	the	dissemination	of	C.	difficile,	
according	to	modeling	experiments

– Transmission	of	C.	difficile	cannot be	
explained	solely	by	symptomatic	
patients1

1. Lanzas C et al. Infect Control Hosp Epidemiol 2011

43

Rapid detection of colonized
patients can significantly affect the 
prevalence of CDI and its control, 

especially in the context of asymptomatic
carriers and in-ward transmission.

Maghdoori, Mohandas. BMC Infect Dis. 2017 Jun 2;17(1):384.
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Despite lower transmission rates for 
asymptomatic carriers, this transmission 
route has a substantial effect on hospital-
onset CDI because of the larger reservoir 

of hospitalized carriers 

Durham DP et al. Emerg Infect Dis. 2016 Apr;22(4):608-16.

45

From a baseline CDI incidence of 6.18 per 1,000 admissions, screening of 
patients at the time of hospital admission with PCR and isolation of those 

colonized, as a single additive policy to the standard practice, reduced CDI 
incidence to 4.99 per 1,000 admissions (95% CI, 4.59– 5.42; RR = 19.1%). 

Applying this policy as part of a bundle approach combined with an 
antimicrobial stewardship program had effectiveness in reducing CDI 

incidence. Specifically, CDI incidence reduced to 2.35 per 1,000 admissions 
(95% CI, 2.07– 2.65; RR = 61.88%) with the addition of an antimicrobial 

stewardship program.

Grigoras CA. PLoS ONE 11(6): e0156577. 
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Within-hospital transmission alone is insufficient to sustain 
endemic conditions in hospitals without the constant importation of 
colonised individuals. Improved hygiene practices to reduce 
transmission from symptomatic and asymptomatic individuals and 
reduced length of stay are most likely to reduce within-hospital 
transmission and infections;

McLure A. et al. Bull Math Biol. 2017 Aug 3. doi: 10.1007/s11538-017-0328-8.

47

On average, testing for asymptomatic 
carriers reduced the number of new 

colonizations and HO-CDI cases by 40%-
50% and 10%-25%, respectively, 

compared with the baseline scenario.

1. Lanzas C et al. Infect Control Hosp Epidemiol 2011
48
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Household transmission?

49

Household 
members of 
patients who 
were hospitalized 
(but did not 
develop CDI) are 
at increased risk 
of CDI

Miller AC et al. Emerg Infect Dis. 2022 May;28(5):932-939.
50
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Detection of carriers

51

HIGH 
SENSITIVITY

RAPID 
TURNAROUND

Toxigenic culture

CCNA
EIANAAT

Belanger SD et al J Clin Microbiol. 2003 Feb;41(2):730-4.

We CAN detect and isolate carriers, not only patients with CDI… and we should seize the opportunity!

REF. Infection Control 101 – control of  MRSA,	VRE,	CRE,	C.auris,	etc.

52
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Detection of carriers

Terveer EM et al. J Clin Microbiol. 2017 Feb;55(2):403-411.
53

Detection of carriers

Terveer EM et al. J Clin Microbiol. 2017 Feb;55(2):403-411.

PCR

GDH

Nasal swabbing for MRSA detection 
80-93% sensitivity 54
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Hand rubbing vs. Hand washing

What	is	the	best	way	to	interrupt	
dissemination	mediated	by	HCWs’	hands?

55

44 patients CDI or CD-AC
HR with ABHRS
HW with triclosan soap

Kundrapu S et al. Infect Control Hosp Epidemiol. 2014 Feb;35(2):204-6.
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Hand washing 
vs. 
C. difficile

Deschênes P et al. Am J Infect Control. 2017 May 16.

1.30

1.71

1.70

Even the best hand hygiene 
technique is poorly effective 
to remove C. difficile 
from hands!

e.g. ABHRS against E. coli: 3.5 to 5 log reduction

57 57

Should we add gloves?
To soap and water or HR ?

58
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Efficacy of gloves

Olsen RJ et al. JAMA. 1993 Jul 21;270(3):350-3. 59

Impact of glove use to protect against C. 
difficile
• Hands	of	35	HCWs	sampled	after	caring	for	C.	difficile

patient
– 20/35	(57%)	acquired	C.	difficile on	their	hands

Glove use Hand washing Presence of C. 
difficile

no no 7/15 (47%)
no Regular soap 14/16 (88%)
yes no 0/4 (0%)

Gloves: the best “hand hygiene” technique?

McFarland LV et al. N Engl J Med. 1989 Jan 26;320(4):204-10.
60
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We NEED gloves against C. difficile!

gloving

C. Difficile contaminated 
gloves

Glove removal HR or HW

0 Log2-4 logHand rubbing with ABHRS + gloves + = 2-4 Log

1-2 Log2-4 Log Hand washing + gloves + = 3 – 6 Log

0 LognilHand rubbing with ABHRS only + = 0 Log

1-2 LognilHand washing only + = 1-2 Log

Total

61

Improving environmental cleaning?

62



Clostridioides difficile	Asymptomatic	Carriers:	Should	We	Care	About	Them?
Prof.	Yves	Longtin,	McGill	University,	Montreal

A	Webber	Training	Teleclass	

Hosted	by	Paul	Webber		paul@webbertraining.com
www.webbertraining.com

32

• Multimodal	intervention	to	improve	routine	cleaning
– Better	product	use
– Improved	technique
– Education	
– Auditing	and	feedback
– Communication	

Mitchell BG et al. Lancet Infect Dis. 2019 Apr;19(4):410-418. 

63

Mitchell BG et al. Lancet Infect Dis. 2019 Apr;19(4):410-418. 64
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Mitchell BG et al. Lancet Infect Dis. 2019 Apr;19(4):410-418. 

é 50% cleaning 
high-touch surfaces

65

Mitchell BG et al. Lancet Infect Dis. 2019 Apr;19(4):410-418. 66
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Mitchell BG et al. Lancet Infect Dis. 2019 Apr;19(4):410-418. 67

Brief Report

Impact of routine use of a spray formulation of bleach on Clostridium
difficile spore contamination in non-C difficile infection rooms

D1X XYilen K. NgWong D2X XMDa, D3X XHeba Alhmidi D4X XMDa, D5X XThriveen S.C. Mana D6X XMS, MNO a, D7X XJennifer L. Cadnum D8X XBS a,
D9X XAnnette L. Jencson D10X XCIC a, D11X XCurtis J. Donskey D12X XMDb,c,*
a Research Service, Louis Stokes Cleveland Veterans Affairs Medical Center, Cleveland, OH
b Geriatric Research, Education, and Clinical Center, Louis Stokes Cleveland Veterans Affairs Medical Center, Cleveland, OH
c Case Western Reserve University School of Medicine, Cleveland, OH

The frequency of recovery of Clostridium difficile spores from surfaces after postdischarge cleaning of non-C
difficile infection rooms was significantly reduced from 24%-5% after a commercial spray formulation
of bleach was substituted for a quaternary ammonium disinfectant. These results suggest that routine use of
a sporicidal disinfectant in all postdischarge rooms could potentially be beneficial in reducing the risk for
C difficile transmission from contaminated surfaces.
© 2018 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.

Key Words:
Sodium hypochlorite
Environment
Asymptomatic carriers

Infection control measures to prevent Clostridium difficile trans-
mission focus primarily on patients with C difficile infection (CDI).
However, several recent studies suggest that asymptomatic carriers
might play an underappreciated role in transmission of C difficile.1-3

Moreover, screening for and isolating asymptomatic carriers has
been associated with a reduction in the incidence of health care
−associated CDI.4 Unfortunately, screening for carriage of C difficile
can be costly, labor-intensive, and inefficient for rapid detection of
carriers.

One practical approach to address environmental shedding by
asymptomatic carriers might be to use a sporicidal disinfectant for all
postdischarge cleaning. However, there is relatively little information
on the frequency of C difficile spore contamination in non-CDI rooms
after cleaning with non-sporicidal disinfectants. In addition, there is
concern regarding use of standard bleach products for all patient
rooms because they are corrosive, irritating to some personnel and
patients, and dry leaving a visible residue.5 Here, we examined the
frequency of C difficile contamination in non-CDI rooms after cleaning

with a quaternary ammonium disinfectant and tested the hypothesis
that routine use of a commercial spray formulation of bleach would
reduce contamination.

METHODS

The Louis Stokes Cleveland Veterans Affairs Medical Center is a
215-bed acute care facility. Environmental services (EVS) personnel
receive education on cleaning and on the importance of their work at
monthly staff meetings. Cleaning is routinely monitored using both
adenosine triphosphate measurements and fluorescent markers
to assess thoroughness of cleaning. Ultraviolet light devices are used
as an adjunct to standard cleaning and disinfection, but only in
CDI rooms.

Prior to May 1, 2018, the facility used commercial bleach wipes for
daily and postdischarge cleaning of CDI rooms and a quaternary
ammonium disinfectant for non-CDI rooms. The quaternary ammo-
nium product was applied using microfiber cloths. After May 1, 2018,
EVS personnel used Clorox Healthcare Fuzion Cleaner Disinfectant
(Clorox, Oakland, CA) for postdischarge cleaning and disinfection of
CDI and non-CDI rooms. The spray product contains ingredients that
are purported to decrease odor, residue on surfaces, and corrosive
effects. EVS personnel were educated regarding how to use the spray
bleach product based on the manufacturer’s recommendations. For
non-CDI rooms, EVS personnel were told to preclean areas with visi-
ble soiling by wiping with a microfiber cloth and then spray a suffi-
cient quantity of the bleach spray to thoroughly wet surfaces such
that they remained wet for a minimum of 2 minutes of contact time.

* Address correspondence to Curtis J. Donskey, MD, Geriatric Research, Education,
and Clinical Center 1110W, Louis Stokes Cleveland Veterans Affairs Medical Center,
10701 E Blvd, Cleveland, OH 44106.

E-mail address: Curtis.Donskey@va.gov (C.J. Donskey).
Funding/support: This study was supported by the US Department of Veterans

Affairs and by a grant from the Clorox Company to C.J.D.
Clorox did not provide any input on the study design, data analysis, writing, or

editing of the manuscript.
Conflicts of interest: C.J.D. has received research funding from Clorox, GOJO, and

PDI.
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Impact of universal bleach routine disinfection on 
C. difficile contamination of patient rooms 
(instead of quaternary ammonium)

Ng Wong YK et al. Am J Infect Control. 2019 Jul;47(7):843-845. 68
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Brief Report

Impact of routine use of a spray formulation of bleach on Clostridium
difficile spore contamination in non-C difficile infection rooms
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The frequency of recovery of Clostridium difficile spores from surfaces after postdischarge cleaning of non-C
difficile infection rooms was significantly reduced from 24%-5% after a commercial spray formulation
of bleach was substituted for a quaternary ammonium disinfectant. These results suggest that routine use of
a sporicidal disinfectant in all postdischarge rooms could potentially be beneficial in reducing the risk for
C difficile transmission from contaminated surfaces.
© 2018 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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Infection control measures to prevent Clostridium difficile trans-
mission focus primarily on patients with C difficile infection (CDI).
However, several recent studies suggest that asymptomatic carriers
might play an underappreciated role in transmission of C difficile.1-3

Moreover, screening for and isolating asymptomatic carriers has
been associated with a reduction in the incidence of health care
−associated CDI.4 Unfortunately, screening for carriage of C difficile
can be costly, labor-intensive, and inefficient for rapid detection of
carriers.

One practical approach to address environmental shedding by
asymptomatic carriers might be to use a sporicidal disinfectant for all
postdischarge cleaning. However, there is relatively little information
on the frequency of C difficile spore contamination in non-CDI rooms
after cleaning with non-sporicidal disinfectants. In addition, there is
concern regarding use of standard bleach products for all patient
rooms because they are corrosive, irritating to some personnel and
patients, and dry leaving a visible residue.5 Here, we examined the
frequency of C difficile contamination in non-CDI rooms after cleaning

with a quaternary ammonium disinfectant and tested the hypothesis
that routine use of a commercial spray formulation of bleach would
reduce contamination.

METHODS

The Louis Stokes Cleveland Veterans Affairs Medical Center is a
215-bed acute care facility. Environmental services (EVS) personnel
receive education on cleaning and on the importance of their work at
monthly staff meetings. Cleaning is routinely monitored using both
adenosine triphosphate measurements and fluorescent markers
to assess thoroughness of cleaning. Ultraviolet light devices are used
as an adjunct to standard cleaning and disinfection, but only in
CDI rooms.

Prior to May 1, 2018, the facility used commercial bleach wipes for
daily and postdischarge cleaning of CDI rooms and a quaternary
ammonium disinfectant for non-CDI rooms. The quaternary ammo-
nium product was applied using microfiber cloths. After May 1, 2018,
EVS personnel used Clorox Healthcare Fuzion Cleaner Disinfectant
(Clorox, Oakland, CA) for postdischarge cleaning and disinfection of
CDI and non-CDI rooms. The spray product contains ingredients that
are purported to decrease odor, residue on surfaces, and corrosive
effects. EVS personnel were educated regarding how to use the spray
bleach product based on the manufacturer’s recommendations. For
non-CDI rooms, EVS personnel were told to preclean areas with visi-
ble soiling by wiping with a microfiber cloth and then spray a suffi-
cient quantity of the bleach spray to thoroughly wet surfaces such
that they remained wet for a minimum of 2 minutes of contact time.
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and Clinical Center 1110W, Louis Stokes Cleveland Veterans Affairs Medical Center,
10701 E Blvd, Cleveland, OH 44106.

E-mail address: Curtis.Donskey@va.gov (C.J. Donskey).
Funding/support: This study was supported by the US Department of Veterans

Affairs and by a grant from the Clorox Company to C.J.D.
Clorox did not provide any input on the study design, data analysis, writing, or

editing of the manuscript.
Conflicts of interest: C.J.D. has received research funding from Clorox, GOJO, and

PDI.

https://doi.org/10.1016/j.ajic.2018.12.023
0196-6553/© 2018 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All rights reserved.

American Journal of Infection Control 47 (2019) 843−845

Contents lists available at ScienceDirect

American Journal of Infection Control

journal homepage: www.aj ic journal .org

For CDI rooms, EVS personnel were told that all high-touch surfaces
should be cleaned prior to applying the spray bleach product. The
EVS personnel were informed that the sprayed surfaces could either
be wiped with a microfiber cloth after a 2-minute contact time or
allowed to air dry without wiping. EVS personnel were informed that
the change was made because the bleach product has activity against
C difficile spores. However, EVS personnel were not provided with
education on environmental cleaning and disinfection beyond the
routine education provided at monthly staff meetings.

Because the spray bleach product has a reduced concentration of
sodium hypochlorite in comparison to many other bleach products
(0.39%), we initially tested its efficacy versus Clorox Healthcare Bleach
Germicidal Cleaner (Clorox) (0.65% sodium hypochlorite) and Avert
Sporicidal Disinfectant Cleaner (Diversey, Sturtevant, WI) containing
1.31% sodium hypochlorite for killing of C difficile spores. Three
strains of C difficilewere tested, including American Type Culture Col-
lection (ATCC) strain 43598, VA17 (a restriction endonuclease analy-
sis BI strain), and VA11 (a restriction endonuclease analysis type J
strain). We tested disinfectant efficacy with a 2-minute exposure
time in the presence of 5% fetal calf serum using AOAC International
Germicidal Spray Products as Disinfectants (AOAC 961.02).6 The
2-minute exposure time was chosen because this is the contact time
recommended for spray bleach product for C difficile spores. Each of
the products was sprayed once at 6 inches from the stainless-steel
carriers. This method of application was chosen because Clorox
Healthcare Fuzion Cleaner Disinfectant is applied as a spray. The car-
riers were neutralized with Dey-Engley neutralizer (Remel Products,
Lenexa, KS). Serial dilutions were plated onto C difficile selective
media and incubated inside an anaerobic chamber at 37°C for
72 hours.3 Log reductions were calculated by subtracting viable
organisms recovered after exposure to the disinfectants versus deion-
ized water controls. Experiments were performed in triplicate.

We compared the frequency of environmental contamination
with C difficile spores and methicillin-resistant Staphylococcus aureus
(MRSA) in non-CDI rooms during 3-week periods before versus after
the change from the quaternary ammonium disinfectant to the spray
bleach product. We cultured a subset of all non-CDI rooms, including
rooms cleaned on weekdays between 9 AM and 5 PMwhen our study
coordinator was available, provided that the room could be sampled
after cleaning but prior to admission of the next patient. One culture
was obtained by sampling multiple high-touch surfaces in the patient
room, and another was obtained by sampling surfaces in the bath-
room. The bathroom cultures were not taken from the 2-patient
rooms with shared bathrooms. For MRSA, 1 replicate organism detec-
tion and counting plate containing BBL CHROMagar (Becton Dickin-
son, Cockeysville, MD) with cefoxitin 6 mg/mL was used to contact 3

sites in the patient room (ie, bed rail, bedside table, and call button)
and another was used to contact 2 sites in the bathroom (ie, hand
grab bar and top surface of the toilet seat). The replicate organism
detection and counting plates were imprinted onto 3 adjacent areas
on each site. For C difficile, sterile gloves were donned and sterile
2£ 2-cm gauze pads premoistened with Dey-Engley neutralizer were
used to sample the same sites in the patient room and bathroom. One
gauze pad was used for the sites in the patient room and another
gauze pad for the sites in the bathroom. The gauze pads were applied
to the entire surface area of the call button, hand grab bar, and top
surface of the toilet seat and to a 10£ 80-cm area of the bed rail and
a 20£ 80-cm area on the top surface of the bedside table. Broth-
enrichment cultures for C difficile and cultures for MRSA were proc-
essed as previously described.1,7,8 Ten EVS personnel were surveyed
regarding their opinion of the spray bleach product in regard to odor
and residue on surfaces.

The primary outcome was the percentage of rooms with environ-
mental contamination with C difficile spores (patient room, bathroom,
or both sites) before versus after the change in disinfectants. The
Fisher exact test was used to compare the percentages of contamina-
tion for each organism and site before versus after the change.

RESULTS

Each of the 3 commercial bleach products reduced C difficile
spores by ≥6.0 log10 colony-forming units, with a 2-minute contact
time. All 10 of the EVS personnel surveyed noted that the spray
bleach product left less residue than other bleach products and
believed that this was an advantage of the spray product. Four of the
10 (40%) EVS personnel believed that the spray product had a more
tolerable odor than other bleach products, but none considered this
to be an important consideration in choice of bleach products.

A total of 51 non-CDI rooms were cultured after postdischarge
cleaning and disinfection during the period when a quaternary
ammonium disinfectant was used, and 39 non-CDI rooms were cul-
tured during the period when the spray bleach product was used. As
shown in Figure 1, 24% of the rooms had contamination at 1 or both
sites with C difficile and 10% had contamination of 1 or both sites with
MRSA during the period when the quaternary ammonium disinfec-
tant was used. The frequency of contamination with both organisms
was similar on high-touch surfaces in patient rooms and in bath-
rooms. The percentage of rooms contaminated with C difficilewas sig-
nificantly reduced during the period when the spray bleach product
was used (2 of 39, 5% vs 12 of 51, 24%; P = .02) and there was a trend
toward reduced MRSA contamination (5 of 51, 10% vs 0 of 39, 0%;
P = .07) (Fig 1).

Fig 1. Percentage of non-Clostridium difficile infection rooms with positive cultures for C difficile (A) or methicillin-resistant Staphylococcus aureus (B) after postdischarge cleaning
during a period when a quaternary ammonium disinfectant was used versus during a period when a spray bleach disinfectant was used. CDI, C difficile infection.
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For CDI rooms, EVS personnel were told that all high-touch surfaces
should be cleaned prior to applying the spray bleach product. The
EVS personnel were informed that the sprayed surfaces could either
be wiped with a microfiber cloth after a 2-minute contact time or
allowed to air dry without wiping. EVS personnel were informed that
the change was made because the bleach product has activity against
C difficile spores. However, EVS personnel were not provided with
education on environmental cleaning and disinfection beyond the
routine education provided at monthly staff meetings.

Because the spray bleach product has a reduced concentration of
sodium hypochlorite in comparison to many other bleach products
(0.39%), we initially tested its efficacy versus Clorox Healthcare Bleach
Germicidal Cleaner (Clorox) (0.65% sodium hypochlorite) and Avert
Sporicidal Disinfectant Cleaner (Diversey, Sturtevant, WI) containing
1.31% sodium hypochlorite for killing of C difficile spores. Three
strains of C difficilewere tested, including American Type Culture Col-
lection (ATCC) strain 43598, VA17 (a restriction endonuclease analy-
sis BI strain), and VA11 (a restriction endonuclease analysis type J
strain). We tested disinfectant efficacy with a 2-minute exposure
time in the presence of 5% fetal calf serum using AOAC International
Germicidal Spray Products as Disinfectants (AOAC 961.02).6 The
2-minute exposure time was chosen because this is the contact time
recommended for spray bleach product for C difficile spores. Each of
the products was sprayed once at 6 inches from the stainless-steel
carriers. This method of application was chosen because Clorox
Healthcare Fuzion Cleaner Disinfectant is applied as a spray. The car-
riers were neutralized with Dey-Engley neutralizer (Remel Products,
Lenexa, KS). Serial dilutions were plated onto C difficile selective
media and incubated inside an anaerobic chamber at 37°C for
72 hours.3 Log reductions were calculated by subtracting viable
organisms recovered after exposure to the disinfectants versus deion-
ized water controls. Experiments were performed in triplicate.

We compared the frequency of environmental contamination
with C difficile spores and methicillin-resistant Staphylococcus aureus
(MRSA) in non-CDI rooms during 3-week periods before versus after
the change from the quaternary ammonium disinfectant to the spray
bleach product. We cultured a subset of all non-CDI rooms, including
rooms cleaned on weekdays between 9 AM and 5 PMwhen our study
coordinator was available, provided that the room could be sampled
after cleaning but prior to admission of the next patient. One culture
was obtained by sampling multiple high-touch surfaces in the patient
room, and another was obtained by sampling surfaces in the bath-
room. The bathroom cultures were not taken from the 2-patient
rooms with shared bathrooms. For MRSA, 1 replicate organism detec-
tion and counting plate containing BBL CHROMagar (Becton Dickin-
son, Cockeysville, MD) with cefoxitin 6 mg/mL was used to contact 3

sites in the patient room (ie, bed rail, bedside table, and call button)
and another was used to contact 2 sites in the bathroom (ie, hand
grab bar and top surface of the toilet seat). The replicate organism
detection and counting plates were imprinted onto 3 adjacent areas
on each site. For C difficile, sterile gloves were donned and sterile
2£ 2-cm gauze pads premoistened with Dey-Engley neutralizer were
used to sample the same sites in the patient room and bathroom. One
gauze pad was used for the sites in the patient room and another
gauze pad for the sites in the bathroom. The gauze pads were applied
to the entire surface area of the call button, hand grab bar, and top
surface of the toilet seat and to a 10£ 80-cm area of the bed rail and
a 20£ 80-cm area on the top surface of the bedside table. Broth-
enrichment cultures for C difficile and cultures for MRSA were proc-
essed as previously described.1,7,8 Ten EVS personnel were surveyed
regarding their opinion of the spray bleach product in regard to odor
and residue on surfaces.

The primary outcome was the percentage of rooms with environ-
mental contamination with C difficile spores (patient room, bathroom,
or both sites) before versus after the change in disinfectants. The
Fisher exact test was used to compare the percentages of contamina-
tion for each organism and site before versus after the change.

RESULTS

Each of the 3 commercial bleach products reduced C difficile
spores by ≥6.0 log10 colony-forming units, with a 2-minute contact
time. All 10 of the EVS personnel surveyed noted that the spray
bleach product left less residue than other bleach products and
believed that this was an advantage of the spray product. Four of the
10 (40%) EVS personnel believed that the spray product had a more
tolerable odor than other bleach products, but none considered this
to be an important consideration in choice of bleach products.

A total of 51 non-CDI rooms were cultured after postdischarge
cleaning and disinfection during the period when a quaternary
ammonium disinfectant was used, and 39 non-CDI rooms were cul-
tured during the period when the spray bleach product was used. As
shown in Figure 1, 24% of the rooms had contamination at 1 or both
sites with C difficile and 10% had contamination of 1 or both sites with
MRSA during the period when the quaternary ammonium disinfec-
tant was used. The frequency of contamination with both organisms
was similar on high-touch surfaces in patient rooms and in bath-
rooms. The percentage of rooms contaminated with C difficilewas sig-
nificantly reduced during the period when the spray bleach product
was used (2 of 39, 5% vs 12 of 51, 24%; P = .02) and there was a trend
toward reduced MRSA contamination (5 of 51, 10% vs 0 of 39, 0%;
P = .07) (Fig 1).

Fig 1. Percentage of non-Clostridium difficile infection rooms with positive cultures for C difficile (A) or methicillin-resistant Staphylococcus aureus (B) after postdischarge cleaning
during a period when a quaternary ammonium disinfectant was used versus during a period when a spray bleach disinfectant was used. CDI, C difficile infection.

844 Y.K. Ng Wong et al. / American Journal of Infection Control 47 (2019) 843−845

Ng Wong YK et al. Am J Infect Control. 2019 Jul;47(7):843-845. 69

Anderson	et	al.	Lancet	2017;	389:	805-14 70
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• Secondary	analysis	of	main	BETR	study
• Population-level	analysis
• 4	arms	of	terminal	disinfection	for	carriers	of	AMR	

(C.difficile,	VRE,	MRSA	and	MDR	A.	baumannii)	

Anderson DJ et al. Lancet Infect Dis. 2018 Aug;18(8):845-853. 71

Universal sporicidal for terminal 
cleaning of AMR room 

Significant 
decrease

Anderson DJ et al. Lancet Infect Dis. 2018 Aug;18(8):845-853. 72
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NO 
Significant 
decrease

Universal sporicidal for terminal 
cleaning of AMR room 

73

THERE’S 
MORE THAN 
P-VALUES TO 

CONSIDER

Is this difference clinically 
meaningful?

Anderson DJ et al. Lancet Infect Dis. 2018 Aug;18(8):845-853. 

Universal sporicidal for terminal 
cleaning of AMR room 
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Clinical evidence

75

Institut Universitaire de Cardiologie
et Pneumologie de Québec

– 354-beds	Canadian	tertiary
institution

– Endemic for	CDI	

76
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Incidence of healthcare-associated Clostridium difficile infection (CDI) per 4-week period at the Quebec
Heart and Lung Institute and all institutions participating in the provincial CDI surveillance program
(n=94).

HA-CDI rates, 2004-2013

Government-imposed target

Longtin Y et al. JAMA Intern Med. 2016 Jun 1;176(6):796-804. 77

Control of CDI
October	2013

– Review of	the	literature
on	the	potential role of	
CD	carriers	in	CDI

– Request from executive
committee to	
implement a	strategy
to	detect and	isolate CD-AC

– Creation of	a	new	set	of	
infection	control	measures for	CD	carriers

78
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• Similar	to	CDI	patients	with	
few	exceptions:

– No	isolation	gowns

– Patients	could share a	room	
with non-carriers	with the	
privacy curtains drawn

– Measures discontinued
temporarily when
going on	exam	

Longtin Y et al. JAMA Intern Med. 2016 Jun 1;176(6):796-804. 79

RESULTS

80
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Every Year
Approx. 295 carriers admitted
Approx. 96 patients with CDI

Ratio 3:1 

JAMA Intern Med. 2016 Jun 1;176(6):796-804

96

295

81

Longtin Y et al. JAMA Intern Med. 2016 Jun 1;176(6):796-804. 82
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Figure 1. Incidence of healthcare-associated Clostridium difficile infection (CDI) per 4-week period according to standardized
surveillance definitions, August 2004 - March 2015, Quebec Heart and Lung Institute, Quebec City, Canada. An intervention consisting of
screening and isolation of Clostridium difficile asymptomatic carriers was introduced on November 19, 2013. The institution is subjected
to a government-imposed threshold of 9.0 per 10 000 patient-days (blue dashed line). The expected HA-CDI rate during the intervention
using an ARIMA prediction model is presented (dashed green line).

CHANGE 
IN TREND
0.93; p=0.02

Longtin Y et al. JAMA Intern Med. 2016 Jun 1;176(6):796-804. 84
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Figure 2. Incidence of healthcare-associated Clostridium difficile infection (CDI) per 4-week period at the Quebec Heart
and Lung Institute and in 3 control groups: other institutions in Quebec City (n=6); matching academic institutions (n=15);
and all institutions participating in the provincial CDI surveillance program (n=94).

NO CHANGE 
IN TREND
0.98; p=0.18

Longtin Y et al. JAMA Intern Med. 2016 Jun 1;176(6):796-804. 85

ARIMA modeling

Figure 1. Incidence of healthcare-associated Clostridium difficile infection (CDI) per 4-week period according to standardized
surveillance definitions, August 2004 - March 2015, Quebec Heart and Lung Institute, Quebec City, Canada. An intervention consisting
of screening and isolation of Clostridium difficile asymptomatic carriers was introduced on November 19, 2013. The institution is
subjected to a government-imposed threshold of 9.0 per 10 000 patient-days (blue dashed line). The expected HA-CDI rate during the
intervention using an ARIMA prediction model is presented (dashed blue line).
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64 averted HA-CDI cases over 15 months

NNT: 118 admissions to screen and 6 CD-AC to isolate
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LONG-TERM Follow-up

…The intervention never stopped

87

Long-term Impact
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Figure 1. Healthcare-associated CDI incidence, Quebec Hearth and Lung Institute, 2004-2016
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Long-term Impact
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2015-16 average: 
2.2 per 10,000 patient-days

2012-13 average: 
6.1 per 10,000 patient-days

Figure 1. Healthcare-associated CDI incidence, Quebec Hearth and Lung Institute, 2004-2016
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Incidence rate among university 
hospitals, 2011-2012

Institut National de Santé Publique du Québec
QHLI
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Long-term follow-up
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Hospitals

Figure 3. HA-CDI rates of University Hospitals in Quebec, 2015-2016. Red bar represents the HA-CDI incidence rate at the QHLI. 
Yellow Bar represents the 95% Confidence Interval for the stratum

QHLI
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• 1250	patients	screened	over	12	months

• 3.1%	asymptomatic	carriers	(perirectal	swabs)

• Decrease	in	HA-CDI	from	10.9	to	3.0	per	10kpd
Linsenmeyer K et al. Clin Infect Dis. 2018 May 26. doi: 
10.1093/cid/ciy455. [Epub ahead of print]
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• Screening	for	CD	carriage	in	HSCT	unit

• Program	started	in	2010	but	analyses	2012-2013	only

• 14%	carriage	rate

• Decrease	in	HA-CDI	(role	of	screening	uncertain	– no	data	prior	to	screening)

Cho J et al. Am J Infect Control. 2018 Apr;46(4):459-461. 93

• Universal admission screening on BMT unit, 2014-2017 (n=5357)

Rates lower post-
intervention ...

but

No signifcant
change in trend 
c/w control arm
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• 4	hospitals;	

• Targeted	screening	(pmx of	hospit,	LTCF	resident,	previous	CDI)
– 30%	admissions	screened;	8%	CD-AC

• CDI	incidence	from	5.96	to	4.23	/	10,000	pd (p=0.02)

Peterson LR et al. PLoS One. 2020 Mar 19;15(3):e0230475 95

• Rolling	deployment	over	many	months

• Decrease	in	HA-CDI	from	13.3	(12-months	pre-intervention)	
to	5.0	per	10,000	pd (12	month	into	the	intervention)

96
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Limitations
• Mostly	single	center	trials

• Mostly	before-and-after	quasi-experimental	studies

• Other	concomitant	interventions

• Multicenter	trials	with	better	study	design	needed!

97

Mawer DPC et al Clin Infect Dis. 2017 May 1;64(9):1163-1170.

GDH + but ToxAB -

Patients with diarrhea who are carriers of toxigenic 
C. difficile but without detectable toxin levels : 

are they contagious?

98
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• WGS	on	all	samples	of	C.	difficile	detected	by	GDH

• 2	centres in	U.K.	over	9-12	months

• Determine	the	relative	contribution	of	GDH+/ToxAB+	vs.	
GDH+/ToxAB- in	transmission	and	subsequent	CDI	

Mawer DPC et al Clin Infect Dis. 2017 May 1;64(9):1163-1170. 99

Mawer DPC et al Clin Infect Dis. 2017 May 1;64(9):1163-1170.

• Source	of	new	CDI	cases

– GDH+/	Tox +	:	10%
– GDH+/	Tox - :	3%

• But	the	ratio	Tox+:Tox- was	approximately		2:1,	
so	the	“risk	per	patient”	was	almost	equivalent	
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Are guidelines changing? 

101

Asymptomatic Carriers 

Asymptomatically	colonized	patients	who	have	not	had	CDI	can	
shed	C.	difficile	spores,	but	the	number	of	spores	and	degree	of	
contamination	is	not	as	great	as	for	patients	with	active	CDI

There	are	insufficient	data	to	recommend	screening	for	
asymptomatic	carriage	and	placing	asymptomatic	carriers	on
contact	precautions	(no	recommendation).

Dubberke ER, et al. Strategies to prevent Clostridium difficile infections in acute care 
hospitals: 2014 update. Infect Control Hosp Epidemiol 2014;35 Suppl 2:S48-65.

McDonald LC et al. Clin Infect Dis. 2018 Feb 15. doi: 10.1093/cid/cix1085.
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Asymptomatic Carriers 

There	are	insufficient	data	to	recommend	screening	for	
asymptomatic	carriage	and	placing	asymptomatic	carriers	on
contact	precautions	(no	recommendation).

McDonald LC et al. Clin Infect Dis. 2018 Feb 15. doi: 10.1093/cid/cix1085.

Routine identification of asymptomatic carriers (patients
or healthcare workers) for infection control purposes
is not recommended (A-III)2010

2014

There are currently no data to support detection or 
isolation of these asymptomatic patients (Area of 
controversy).

2018

103

Asymptomatic Carriers 

Supplemental intervention if reduction goals are not reached 
with baseline strategies: 

2018

• Evaluate and test patients at high risk for CDI to detect 
asymptomatic carriage;

• Isolate patients that test positive, but do not treat in the 
absence of symptoms

https://www.cdc.gov/hai/prevent/cdi-prevention-strategies.html
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Could it allow primary prevention of 
CDI?

105

Risk of CDI 
• Non-carriers:	

– QHLI:	6	per	10,000	pd
– Sheeba:	4.6	per	10,000	pd

• Carriers:
– QHL I:	67.2	per	10,000	pd	(39/5807	hospital-days)
– Sheeba:	76.7	per	10,000	pd

Meltzer E et al. Clin Microbiol Infect. 2019 Feb 14.

…But 10-20 times less frequent than non-carriers so 
roughly equal contributions between CD carriers and 
non-carriers to global institutional CDI burden?

Relative risk of CDI, carriers vs non-carriers (ICU): 9.32 (95% CI, 3.25-26.7)
Worley J et al. Clin Infect Dis. 2021 Oct 5;73(7):e1727-e1736.
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C. difficile carriers 
• Identifying	carriers	could	lead	to	strategies	to	

protect	CD	carriers	from	progressing	to	CDI

– Low	hanging	fruit:	intensive	ATB	stewardship

– Potential	avenues:	Primary	prophylaxis,	
probiotics,	vaccination…

– Detection of	carriers	is key to	this end

107

C. difficile carriers 

• No	prospective	study performed so
far	specifically targetting carriers

• A	warning:	Vancomycin	and	flagyl
induce dysbiosis

108
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ATB-induced Dysbiosis

109

• Cross-sectional	retrospective	study

• Cohort	of	CD	carriers	identified	at	QHLI

• Identify	risk	factors	for	progression	to	CDI
– Gain	insight	on	pathogenesis
– Identify	patients	at	greater	risk	of	progression

M A J O R  A R T I C L E
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Predictors of Clostridioides difficile Infection Among 
Asymptomatic, Colonized Patients: A Retrospective 
Cohort Study
Dominic Poirier,1,2 Philippe Gervais,1,2,3 Margit Fuchs,4,5 Jean-Francois Roussy,1,2,3 Bianka Paquet-Bolduc,3 Sylvie Trottier,1,2,3 Jean Longtin,1,2,6  
Vivian G. Loo,7,8 and Yves Longtin7,9

1Laval University Faculty of Medicine, 2Infectious Diseases Research Center, Centre Hospitalier Universitaire de Québec, 3Quebec Heart and Lung Institute, 4Centre de Recherche sur le Cancer 
de l’Université Laval, and 5Centre de Recherche du Centre Hospitalier Universitaire de Québec-Université Laval, 6Laboratoire de Santé Publique du Québec, Sainte-Anne-de-Bellevue, 7McGill 
University, Faculty of Medicine, 8McGill University Health Centre, and 9Jewish General Hospital Sir Mortimer B. Davis, Montreal, Canada

Background. Asymptomatic patients colonized with Clostridioides difficile are at risk of developing C. difficile infection (CDI), 
but the factors associated with disease onset are poorly understood. Our aims were to identify predictors of hospital-onset CDI 
(HO-CDI) among colonized patients and to explore the potential benefits of primary prophylaxis to prevent CDI.

Methods. We conducted a retrospective cohort study in a tertiary academic institution. Colonized patients were identified by 
detecting the tcdB gene by polymerase chain reaction on a rectal swab. Univariate and multivariate logistic regression analyses were 
used to identify predictors of HO-CDI.

Results. There were 19 112 patients screened, from which 960 (5%) colonized patients were identified: 513 met the inclusion 
criteria. Overall, 39 (7.6%) developed a HO-CDI, with a 30-day attributable mortality of 15%. An increasing length of stay (adjusted 
odds ratio [aOR] per day, 1.03; P = .006), exposure to multiple classes of antibiotics (aOR per class, 1.45; P = .02), use of opioids 
(aOR, 2.78; P = .007), and cirrhosis (aOR 5.49; P = .008) were independently associated with increased risks of HO-CDI, whereas the 
use of laxatives was associated with a lower risk of CDI (aOR 0.36; P = .01). Among the antimicrobials, B-lactam with B-lactamase 
inhibitors (OR 3.65; P < .001), first-generation cephalosporins (OR 2.38; P = .03), and carbapenems (OR 2.44; P = .03) correlated 
with the greatest risk of HO-CDI. By contrast, patient age, the use of proton pump inhibitors, and the use of primary prophylaxis 
were not significant predictors of HO-CDI.

Conclusions. This study identifies several factors that are associated with CDI among colonized patients. Whether modifying 
these variables could decrease the risk of CDI should be investigated.

Keywords.  Clostridioides difficile infection; asymptomatic carriage; colonization; primary prophylaxis; risk factors.

Clostridioides (formely Clostridium) difficile infections (CDI) 
[1–3] are a leading cause of health care–associated infections 
[4–7]. To develop CDI, an individual must first ingest toxigenic 
C. difficile bacteria and become colonized [1]. These colonized 
individuals are at risk of progressing to CDI, but the factors that 
trigger progression to CDI are poorly understood [1, 8]. The 
proportion of colonized individuals that progress to CDI has 
been estimated at 22% in a systematic review [9], but results 
of studies involving different populations have varied widely, 
from 0% to 71% [10–13]. Furthermore, numerous studies have 
assessed risk factors for CDI among general populations (ie, 

without controlling for colonization status), but few studies with 
small sample sizes have investigated the risk factors specifically 
associated with CDI among colonized individuals [14–16].

Identifying those factors that are associated with progres-
sion to CDI among colonized patients is important, as it could 
help improve our understanding of the pathogenesis of this 
condition. This could also lead to the creation of tailored inter-
ventions to prevent CDI among these individuals [17]. For ex-
ample, the use of primary prophylaxis could be beneficial but, 
to our knowledge, this avenue has never been directly studied 
so far. Moreover, antimicrobial stewardship may be particularly 
important in this population.

Therefore, based on a cohort of colonized patients identified 
in the context of a systematic screening program [18], we per-
formed a study to: (1) determine the characteristics of this spe-
cific population; (2) quantify their risks of progression to CDI; 
(3) identify predictors of CDI onset; and (4) explore the poten-
tial benefits of primary prophylaxis to prevent CDI.
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Predictors of CDI among CD carriers
• 19,112	patients	screened

• 960	CD	carriers	identified

• 513	(53.4%)	enrolled

• 39	(7.6%)	developed	HO-CDI
• Median delay between adm. and CDI: 4 days (range, 0-27 d)
• 5/39 (12.8%) admitted to ICU
• 1 toxic megacolon, no colectomy
• 11 deaths within 30 days (case fatality, 28%)
• Attributable mortality: 7/39 (18%)

• An additional 17 patients without HO-CDI had evidence of CDI following discharge, 
for an overall CDI risk of 10.9% (56/513)

111

Characteristic 
                    Risk of CDI 
Adjusted 

OR 95% CI P value 

Basic demographics    
Age 1.00 0.976-1.024 0.99 
Inter-institutional transfer 1.91 0.82-4.43 0.13 
Length of stay  1.03 1.01-1.06 0.006 
Cirrhosis 5.49 1.56-19.30 0.008 

Medication    
Probiotics 2.75 1.07-7.06 0.04 
Proton pump inhibitors 1.68 0.76-3.71 0.20 
 Laxatives 0.36 0.16-0.80 0.01 
Opioids 2.78 1.32-5.82 0.007 
No. of classes of at-risk antibiotics 1.45 1.05-2.03 0.02 
Duration antibiotic treatment 0.998 0.967-1.031 0.93 
CDI prophylaxis  0.36 0.04-3.10 0.35 

 

Table 3. Factors associated with CDI among C. difficile colonized patients 
(multivariate analysis)

! Risk of acquisition?

Risk of CDI

0 ATB: 3.6%
≥ 3 ATB : 13.8% 

Narcotic stewardship?
ATB stewardship?
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Table 1. Characteristics of included studies.

Study name Study 
period

Was prophylaxis 
for recurrent 
versus primary 
CDI

Pt population Abstract 
versus 
manuscript

Case control 
versus 
cohort

Dosing Mean 
duration of 
vancomycin

Most recent 
CDI before 
initiation of 
OVP

Definition 
of CDI

Follow up

Bajrovic and 
Sims16

2010–2015 Rec All adult inpatients A Retro cohort NA NA 6 months NA 6 months

Carignan et al.17 2003–2011 Rec All adult inpatients M Retro cohort 125 mg QID 7 days 3 months Standard 
definition

90 days

Carignan et al.17 2003–2011 Primary All adult inpatients M Retro cohort 125 mg QID 7 days 3 months NA 90 days

Gantesky et al.18 2015–2016 Primary Allogenic HSCT M Retro cohort 125 mg BID 29 days NA Standard 
definition

30 days

O’Connell 
et al.19

2013–2016 Rec All adult inpatients A Retro cohort NA NA NA NA 90 days

Bajrovic and 
Brizendine20

2007–2013 Primary Lung transplant 
recipients

A Retro cohort NA NA NA NA 1 year

Papic et al.11 2015–2017 Primary Pts > 65 inpatient M Retro cohort NA 9 days NA NA 3 months

Pereiras et al.21 2013–2014 Rec HSCT pts A Retro cohort NA NA NA NA 1 year

Splinter et al.22 2012–2015 Rec Renal transplant 
pts

M Retro cohort 125 mg BID 19 days NA Standard 
definition

30 days

Van Hise et al.23 2010–2014 Rec All adult inpatients M Retro cohort 125 mg BID 
and 250 mg 
BID

13.7 days 3 years Standard 
definition

30 days

Wong and 
Riska24

2011–2014 Rec All adult inpatients A Retro cohort NA NA 3 months NA 30 days

Knight et al.25 2013–2015 Rec All adult inpatients M Retro cohort 250 mg and
125 mg QID

8.5 days 12 months Standard 
definition

12 months

Caroff et al.10 2009–2015 Rec All adult inpatients M Retro cohort NA 2.5 days 5 months Standard 
definition

90 days

Morrisette 
et al.26

2014–2018 Rec HSCT and 
hematological 
malignancy pts

M Retro cohort 125 mg BID NA NA Standard 
definition

60 days

Johnson et al.27 2018–2019 Primary All adult inpatients M Randomized 
open label 
prospective

125 mg 
daily

NA NA Standard 
definition

3 months

A, abstract; BID, two times daily; CDI, Clostridioides difficile infection; CI, confidence interval; HSCT, hematopoietic stem cell transplant; M, manuscript; NA, not available; OPV, oral 
vancomycin prophylaxis; Pt, patient; Rec, recurrent; QID, four times daily standard definition, diarrhea with + stool test for C. difficile toxin.
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0.18; 95% CI, 0.03–1.09; p = 0.06). There was 
significant heterogeneity among the studies, with 
an I2 of 76% (Figure 2).

OVP for secondary prophylaxis
Ten observational studies comprising a total of 
9258 CDI patients evaluated OVP for secondary 
prevention.10,16,17,19,21–26 Among these, the rate of 
future CDI in patients on OVP was 13.3% 
(95/713) compared with 21.9% (1875/8545) in 
patients that did not receive OVP. Meta-analysis 
using a random effects model revealed a statisti-
cally significant decreased risk of recurrent CDI 
(OR, 0.34; 95% CI, 0.20–0.59; p = 0.00001). 
There was significant heterogeneity among the 
studies, with an I2 value of 59% (Figure 3a). No 
publication bias was seen on visual inspection of a 
funnel plot (Supplemental Figure S1). Egger’s 
test for accessing publication bias was significant 
(intercept = −0.649, p = 0.02) suggesting possible 
publication bias.

Studies that control for potential confounders 
for secondary prophylaxis
Of 10 studies, 3 included multivariable analysis 
after adjusting for potential confounders, includ-
ing age and comorbid conditions.10,17,26 We cal-
culated the pooled effect size of these studies by 
combining reported adjusted ORs and 95% CIs. 
Meta-analysis of these studies revealed statisti-
cally significant benefit of OVP for prevention of 
recurrent CDI (OR, 0.61; 95% CI, 0.46–0.80; 
p = 0.0004, I2 = 0%) (Figure 4)

Subgroup analyses of OVP for  
secondary prophylaxis

All hospitalized patients
A total of seven studies, including all hospitalized 
patients, evaluated the efficacy of OVP for second-
ary prophylaxis.10,16,17,19,21,23–25 Among these, the 
rate of future CDI in patients on OVP was 13.7% 
(92/668) compared with 21.9% (1862/8485) in 

Figure 2. Analysis of studies that evaluated oral vancomycin for primary CDI prophylaxis, showing no 
prevention benefit.
CDI, Clostridioides difficile infection; CI, confidence interval; OPV, oral vancomycin prophylaxis.

Figure 3. Analysis of studies that evaluated oral vancomycin for recurrent CDI prophylaxis, showing 
statistically significant decreased risk of CDI.
CDI, Clostridioides difficile infection; CI, confidence interval; OPV, oral vancomycin prophylaxis.

Secondary prophylaxis:

• 10	studies,	9258	
patients

• CDI:	13.3%	vs	21.9%	

• (OR, 0.34; 95% CI, 
0.20–0.59; p < 
0.00001) 
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Primary	prophylaxis:	

• 4	studies,	1352	patients

• CDI:	29/402	(7.4%)	vs	99/950	(10.4%)	

• OR:	0.18,	95%	CI,	0.03–1.03;	p	=	0.06

• Prophylaxis	not	targeting	carriers!

• Short	follow-up	period	(<=90	days	in	
3	of	4	studies)

• NB	Carignan:	no	primary	prophylaxis!	
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0.18; 95% CI, 0.03–1.09; p = 0.06). There was 
significant heterogeneity among the studies, with 
an I2 of 76% (Figure 2).

OVP for secondary prophylaxis
Ten observational studies comprising a total of 
9258 CDI patients evaluated OVP for secondary 
prevention.10,16,17,19,21–26 Among these, the rate of 
future CDI in patients on OVP was 13.3% 
(95/713) compared with 21.9% (1875/8545) in 
patients that did not receive OVP. Meta-analysis 
using a random effects model revealed a statisti-
cally significant decreased risk of recurrent CDI 
(OR, 0.34; 95% CI, 0.20–0.59; p = 0.00001). 
There was significant heterogeneity among the 
studies, with an I2 value of 59% (Figure 3a). No 
publication bias was seen on visual inspection of a 
funnel plot (Supplemental Figure S1). Egger’s 
test for accessing publication bias was significant 
(intercept = −0.649, p = 0.02) suggesting possible 
publication bias.

Studies that control for potential confounders 
for secondary prophylaxis
Of 10 studies, 3 included multivariable analysis 
after adjusting for potential confounders, includ-
ing age and comorbid conditions.10,17,26 We cal-
culated the pooled effect size of these studies by 
combining reported adjusted ORs and 95% CIs. 
Meta-analysis of these studies revealed statisti-
cally significant benefit of OVP for prevention of 
recurrent CDI (OR, 0.61; 95% CI, 0.46–0.80; 
p = 0.0004, I2 = 0%) (Figure 4)

Subgroup analyses of OVP for  
secondary prophylaxis

All hospitalized patients
A total of seven studies, including all hospitalized 
patients, evaluated the efficacy of OVP for second-
ary prophylaxis.10,16,17,19,21,23–25 Among these, the 
rate of future CDI in patients on OVP was 13.7% 
(92/668) compared with 21.9% (1862/8485) in 

Figure 2. Analysis of studies that evaluated oral vancomycin for primary CDI prophylaxis, showing no 
prevention benefit.
CDI, Clostridioides difficile infection; CI, confidence interval; OPV, oral vancomycin prophylaxis.

Figure 3. Analysis of studies that evaluated oral vancomycin for recurrent CDI prophylaxis, showing 
statistically significant decreased risk of CDI.
CDI, Clostridioides difficile infection; CI, confidence interval; OPV, oral vancomycin prophylaxis.
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Unknowns and 
Research Agenda
• Need	high-quality	research!	

• Generalizability	of	previous	studies?
– Very	pro-infection	control	hospital,	high	endemicity,	high	prevalence	of	

hypervirulent	strain

• Best	detection	methods?	

• What	is	the	incidence	rate	at	which	it	becomes	cost-effective?
– Which	population	to	target?	

• Management	of	C.	difficile	carriers	who	must	receive	ATB?

• Where	does	it	fit	in	relationship	with	ATB	stewardship	to	control	NAP1	?	

117

Conclusions
• Optimal	approach	to	prevent	CDI	remains	unknown

• Current	strategies	=	flawed

• Current	recommendations	based	on	limited	evidence

• Better	evidence	would	be	required	
– These	are	hard	to	obtain!

• New	strategies	should	be	explored
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ANY QUESTIONS? 
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