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overview of the 
current evidence

• Identify gaps in 
knowledge 

• Present a potential 
research project
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Antimicrobial Resistance (AMR)

• Declared by the WHO as one of the top ten threats to global 
public health

• Identified by Canada's Ministry of Health as one of the greatest 
concerns of our time,

• Leading players in healthcare and research are mobilizing to 
combat AMR



https://www.thelancet.com/pb-assets/Lancet/infographics/antibiotic-resistance-2024/antibiotic-resistance2024-1720780667507.pdf

Attributable 
death, 1.3M

Misalignment ☠ v️s 💰💰
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Drain

Areas 
harboring 

GNR



8/10 Priority 
Organisms 
can colonize 
sink drains

Priority organisms in ICU based on mortality, healthcare and community burden, prevalence of resistance 
and 5-year trend in resistance, transmissibility, preventability, treatability and current drug pipeline

Rello J, Kalwaje Eshwara V, Lagunes L, Alves J, Wunderink RG, Conway-Morris A, Rojas JN, Alp E, Zhang Z. A global priority list of the TOp TEn resistant Microorganisms 
(TOTEM) study at intensive care: a prioritization exercise based on multi-criteria decision analysis. Eur J Clin Microbiol Infect Dis. 2019 Feb;38(2):319-323. doi: 
10.1007/s10096-018-3428-y. Epub 2018 Nov 13. PMID: 30426331.

CRAB

CRKP
MDR-PA

CRPA
ESBL-Kp

ESBL-Ec

TR-Sm
ESBL-Sm

What pathogens are most worrisome in ICUs? 



Detection of bacterial contamination in the patient room and its 
relationship to the position of patients and wastewater sites

Kelly B et al. Infect Control Hosp Epidemiol. 2021 Aug 24;1-7.

CULTURE-BASED 

Near 
patient

Near 
wastewater

Hot Spots are 
pathogen-specific



P-Trap 101

≈150 ml fluid

Prevents backflow  of gases and odours



• Promotion of biofilm formation 
• Exchange of resistance genes 

and virulence factors

Biofilm up to 
2.5cm per day

Spread up to 1m from sink



How do bacteria reach patients? 

Biofilm 
up to 
2.5cm 
per day

Spread 
up to 
1m 
from 
sink



The Sink Splash Zone

How far 
could 

splashes 
travel? 

Garvey MI, et al. J Hosp Infect. 2023 May;135:154-
156  



Sink 
activation 

w/out
use

Circles around water drops

Garvey MI, et al. J Hosp Infect. 2023 May;135:154-
156  



Sink 
activation 

w
HH

Garvey MI, et al. J Hosp Infect. 2023 May;135:154-
156  



The Sink Splash Zone

Phlebotomy trays………………….65%
Ventilator equipment…………...... 18% 
Respiratory equipment………….. 27% 
HF and HD material…………….. 12% 
Personal care items…………….. 68% 
Nutrition/enteral systems………. 33% 
ABHRS, gloveboxes……………  57% 
Housekeeping equip……………..  5% 
Equip to move patient, bearhugs 43% 
Medication and IV pumps…...…  32% 
VACs …………………………..….  5% 
Invasive devices (CVC) ………..  18% 
Monitors………………………..…..  5% 
COW…………………………….….48% 

Frequency of presence <2m of sink

Garvey MI, et al. J Hosp Infect. 2023 May;135:154-
156  



How often are sinks used in ICUs? 



Patients constantly exposed to sink water

EMPTYING IN SINKRINSING WITH TAPWATER



Grabowski M, Lobo JM, Gunnell B, Enfield K, Carpenter R, Barnes L, Mathers AJ. 
Characterizations of handwashing sink activities in a single hospital medical intensive care 
unit. J Hosp Infect. 2018 Nov;100(3):e115-e122. doi: 10.1016/j.jhin.2018.04.025. Epub 2018 
May 5. PMID: 29738784.



Collection of water that will be 
administered to patients: 776 actions 
(17%) – 12.9 times per day per room

Emptying of grey water, medications 
and feeds and IV bags into sink:  637 
actions (14%) – 10.6 times per day 
per room

Handwashing: 195 actions (4.3%) –
3.3 times per day per room

Total: 26.8 at-risk events per room per day

Grabowski M, Lobo JM, Gunnell B, Enfield K, Carpenter R, Barnes L, Mathers AJ. 
Characterizations of handwashing sink activities in a single hospital medical intensive care 
unit. J Hosp Infect. 2018 Nov;100(3):e115-e122. doi: 10.1016/j.jhin.2018.04.025. Epub 2018 
May 5. PMID: 29738784.



Role of sinks in non-epidemic settings? 



• Prospective observational multicenter study 
Jan-May 2020 (73 ICUs in France, 16% of all 
French ICU beds)

• Sinks near patients tested for P. aeruginosa and 
Enterobacteriaceae

• Cotton-tipped swab inserted 5-7 cm through the 
drain, Amies TM

• MDR: EB R 3GCC or CPE, and Pseudo R Imi

• Questionnaire for risk factors for sink 
colonization Valentin AS et al. Clin Microbiol Infect . 2021 Sep;27(9):1347.e9-1347.e14. 



RESULTS
• 39% sinks showed visible splashes during sink use

• 30.5% of sinks were close to the bed (<2m) without 
barrier

• 50.9% of sinks contaminated by MDR bacteria
• 3GCR 43.9%; CPE 2.5%; IRPA 7.6%

• Risk colonization higher when sink used for waste 
disposal than only for HW

• 41% (HW) vs 55% (Waste disposal) p<0.001

Valentin AS et al. Clin Microbiol Infect . 2021 Sep;27(9):1347.e9-1347.e14. Risk colonization decreased with daily bleach 
but not with daily quaternary ammonium
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• Contaminated sink associated with increased 
incidence of MDR-associated BSI

• Risk factors for BSI rate >0.7/ 1000 pd (mean value 
for all hospitals):

1) >51% Sink contamination 
2) >= 14% Sinks with visible splashes 
3) >=21% of sinks close to patients’ bed without 

barrier
4) No daily bleach treatment

• No association between sink contamination 
and MDR-VAP Valentin AS et al. Clin Microbiol Infect . 2021 Sep;27(9):1347.e9-1347.e14. 

 0-1 or 2 risk factors: 
6/30 (20%) with MDR 
BSI above average

 3 or 4 risk factors: 
14/28 (50%) with 
MDR BSI above 
average p=0.016
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Sinks associated with increased risk of MDR-
GNR BSI outside of epidemics

Could designing better sinks and 
sink hygiene be a solution?



• Great review on the topic

Parkes LO, Hota SS. Curr Infect Dis Rep. 2018 Aug 20;20(10):42.



Strategies to control contamination
• Chemical

• Bleach, peroxyde, ozone water, peracetic acid, glucoprotamin, quaternary amoniums, NaOH, Pressurized steam
• Problem: bacteria in biofilm can resist 100 to 1000 higher concentrations, contact time short, organic residues
• Usually short-lived effect 

• Physical
• Change sink (entire, or selected components)

• Failrues reported (Mathers AJ et al Antimicrob Agents Chemother. 2019 Mar 25)
• Increase distance of P-trap to sink drain
• Prevent alignment of faucet and drain
• Increase depth of sink basin

• Self disinfecting traps (Heating devices, Vibration devices, UV lights)
• Copper pipes (Soothill JS J Hosp Infect. 2016 Jun;93(2):152-4

Covers on hoppers

• Behavioral
• Elimination of storage near sinks
• Ban use of HH sinks for disposal of body fluids 

Parkes LO, Hota SS. Curr Infect Dis Rep. 2018 Aug 20;20(10):42.



No method universally effective! 



Making sinks safer in healthcare 

• Designing better sinks
• Deep basin 
• Sloped profiles
• Offset drains
• Sensor activated faucets

• Designing safer peri-sink areas 
• Splashguards
• Avoiding stocking medical material near sinks

• Drain biofilm containment technologies 
• Trap heaters 
• Trap US 
• Trap valves 
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Making sinks safer in healthcare 

• Designing better sinks
• Deep basin 
• Sloped profiles
• Offset drains
• Sensor activated faucets

• Designing safer peri-sink areas 
• Splashguards
• Avoiding stocking medical material near sinks

• Drain biofilm containment technologies 
• Trap heaters 
• Trap US 
• Copper pipes
• Trap valves 

Copper pipes

Pipe heater

Electromechanical 
vibrations



STOP VALVE

Install a stop valve and fill pipe with disinfectant;
Let disinfectant sit x 1 hour and then open the valve

Cadnum JL et al. Infect Control Hosp Epidemiol. 2018 Dec 18:1-3.



STOP VALVE

Disinfectant

Install a stop valve and fill pipe with disinfectant;
Let disinfectant sit x 1 hour and then open the valve

Cadnum JL et al. Infect Control Hosp Epidemiol. 2018 Dec 18:1-3.



500ml 1:10 
Bleach poured 
over 1 min

500ml 1:10 
Bleach x1h valve 
closed

Research lab sink

Cadnum JL et al. Infect Control Hosp Epidemiol. 2018 Dec 18:1-3.



4 patient room sinks (2 per arm)

GNR CFU count

Cadnum JL et al. Infect Control Hosp Epidemiol. 2018 Dec 18:1-3.

RISK? 



Sinks associated with increased risk of MDR-
GNR BSI outside of epidemics

Sink hygiene would be a solution, but 
good luck with implementation, 

compliance and sustainability 

ANOTHER SOLUTION?
If you have a choice between a behavioral 

intervention and an engineering one, go for 
the engineering! 



Banning sinks in ICUs? 

Cut the SINK, Cut the RISK 

Yes, it’s possible!
Sinks are not ESSENTIAL 

Yes, it leads to 100% adherence 
once implemented

Once implemented, HCWs 
don’t want to go back



How to 
make 

an 
off-the-

grid 
ICU

Hopman J et al. Antimicrob Resist Infect Control. 2017 Jun 10;6:59.



Banning sinks? 

• 2-year pre-post quasi-experimental study

• Measure: Risk of colonization by GNR by ICU patients (passive monitoring using micro database)

• Overall decrease in acquisition GNR
• 26.3 to 21.6 per 1000 ICU days (IRR, 0.82; p=0.02)

• Strong association with duration ICU stay

Hopman J et al. Antimicrob Resist Infect Control. 2017 Jun 10;6:59.



The longer the 
ICU stay, the 
more marked 
the effect

Hopman J et al. Antimicrob Resist 
Infect Control. 2017 Jun 10;6:59.



>14days: 
3.6-fold decrease

Log scale 

Hopman J et al. Antimicrob Resist Infect Control. 2017 Jun 10;6:59.



• 6-year before and after study 
• Single center (700-bed teaching hospital)
• Two 12-bed ICUs in the same hospital
• 43 months pre-intervention and 29 months 

post intervention

• Intervention
• Removal of all sinks (except 2 in the central

nursing station)
• These central sinks were equipped with filters and 

the p-traps were changed q 3 months. This filtered 
water was used for patient care PRN

• Grey water disposal was done outside of patient care area (unclear exactly)

• Needed to close the wards to remove sinks!!! 

• Outcomes: 
• ICU-acquired MDR GNR bacteria (colonization or infection)

• Confounders
• CHG wipes implemented in 2015 (during intervention) 
• UV disinfection in 2016 

Shaw E, Gavaldà L, Càmara J, Gasull R, Gallego S, Tubau F, Granada RM, Ciercoles P, Dominguez MA, 
Mañez R, Carratalà J, Pujol M. Control of endemic multidrug-resistant Gram-negative bacteria after 
removal of sinks and implementing a new water-safe policy in an intensive care unit. J Hosp Infect. 2018 
Mar;98(3):275-281. doi: 10.1016/j.jhin.2017.10.025. Epub 2017 Nov 28. PMID: 29104124.



• Results
• Decrease in ICU-acquired MDR-GNR from 9.15 to 2.20 per 1000pd 

• RR 0.24 (95% CI 0.17 to 0.34) 

Shaw E, Gavaldà L, Càmara J, Gasull R, Gallego S, Tubau F, Granada RM, Ciercoles P, Dominguez MA, 
Mañez R, Carratalà J, Pujol M. Control of endemic multidrug-resistant Gram-negative bacteria after 
removal of sinks and implementing a new water-safe policy in an intensive care unit. J Hosp Infect. 2018 
Mar;98(3):275-281. doi: 10.1016/j.jhin.2017.10.025. Epub 2017 Nov 28. PMID: 29104124.



Shaw E, et al. J Hosp Infect. 2018 Mar;98(3):275-281. doi: 10.1016/j.jhin.2017.10.025. 
Epub 2017 Nov 28. PMID: 29104124.

MDR P. aeruginosa

MDR K. pneumoniae

Overall MDR GNR



• Single-center before and after study (8-bed ICU) 
• Pre-intervention 2014-2016 
• Post-intervention: 2016-2018 

• Outcome: recovery of NFGNB from bronchoaspirates in intubated 
patients

• Result: Decrease in incidence of NFGNB from 11.3 to 1.9 per 1000 
days (p=0.003) 

de-Las-Casas-Cámara G, et al Med Clin (Barc). 2019 Apr 5;152(7):261-263. English, Spanish. doi: 
10.1016/j.medcli.2018.06.023. Epub 2018 Aug 23. PMID: 30146354.



Pre-intervention: 
15 NFGNR isolated/year

11.3 per 1000 
ventilation-days

Post-intervention: 
2 NFGNR isolated/year

1.9 per 10000 ventilation 
days (p=0.003)

de-Las-Casas-Cámara G, et al Med Clin (Barc). 2019 Apr 5;152(7):261-263. English, Spanish. doi: 
10.1016/j.medcli.2018.06.023. Epub 2018 Aug 23. PMID: 30146354.



Systematic Review

• Identified 7 studies
• All quasi-experimental 

• 5/7 implemented in context of outbreaks (threat regression to the mean)

• Outcomes 
• 4/7 MDR-GNB
• 2/7 Pseudomonas only
• 1 MOTT

Low JM et al. Journal of Hospital Infection 150 (2024) 61e71



Primary outcome Limitations

Scharer 2023 Outbreak of MDR PSeudomonas 0 cases of MDR Pseudo post-
implementation

short duration 9 months

Baker 2021 Outbreak of MOTT Incidence colonization of MOTT from 
41 to 9.9 per 10,000 pd 

CAtho Outbreak of MDR Pseudomonas 0 cases of MDR Pseudo post-
implementation

short duration 8 months

Tracy NICU outbreak of MDRGNB Resolution of oubtreaks, only sporadic 
cases of MDRGNB after 
implementation

de-Las-Casas-Camara 2019 Non-outbreak setting Incidence of NFGNB from 11.3 to 1.9 
per 1000pd

Shaw 2018 Non-outbreak setting MDRGNB Incidence of MDRGNB acquisition from 
9.2 to 2.2 per 1000pd

Other co-interventions (UV 
disinfection, patient cohorting)

Hopman 2017 Outbreak of MDRGNB Incidence from 26.3 to 21.6 per 
1000pd (RR 0.82, p=0.02)

See previous slides

Low JM et al. Journal of Hospital Infection 150 (2024) 61e71



Mayhall

• Hospital wastewater has been increasingly 
recognized as a GNB reservoir, as GNB are 
particularly well-suited to survive in moist 
environments. 

• The most commonly identified water sources in 
CR-GNB outbreaks have been sink drains, sink 
surfaces, and faucets.

• Prevention: Sink hygiene and improved sink 
design, but no mention of benefit of sink 
elimination



CSA standards

Canadian Standards Association. CSA Z8000: Canadian Health Care Facilities—Planning, Design and 
Construction. Toronto (ON): CSA Group; 2023



What we know

MDRGNR is an urgent threat to control

Sinks well documented source of GNR outbreaks in ICU

Role in non-epidemic setting increasingly recognized



Knowkledge gap

Current evidence of sink avoidance limited to quasi-
experimental studies

No RCT performed and none under way (clinicaltrials.gov)

Impact on preventing AMR, BSI, UTI, VAP unclear

Current evidence insufficient to change 
recommendations

Need to develop high-level evidence that could 
support changes in policy and standards (CSA)



Next logical Step?  



Next logical step 
• A formal study with rigorous study design should be performed to:

• Confirm or infirm previous findings
• Determine cost-benefit, NNT
• Quantify risks 

• Key considerations
• Focuses on communicable disease: cluster 

design essential 
• Complexity of implementing 

intervention in Canadian 
hospitals unknown

THE NEED: A cluster randomized feasibility trial 



Suspending the Use of Sinks and Drains in Intensive Care Units
to Lower Healthcare Associated Acquisition of Gram-negative 

bacteria (SinkLess)
A Cluster Randomized Controlled Feasibility Trial



Identification of  6 ICUs

Selection of 2 clusters of 6 ICU beds in each ICU

Randomization 1:1

Control group
Standard of care

Intervention group
Waterless protocol

Entire cluster (including patients and healthcare workers) included Entire cluster (including patients and healthcare workers) included 

REPLACES TAP WATER

PATIENT HYGIENE

BODY FLUID MANAGEMENT



List of GNR of nosocomial importance

Choice of MDR-GNB is a BALANCE between: 

✅ Likelihood of being nosocomially acquired

✅ Clinical relevance as a problematic pathogen

✅ Capacity to be detected by culture



• 48.6% of HA-PA HAI are nosocomially acquired (not colonized on 
admission)

• Only 6.9% of HA-PA could be traced to ICU sink

• Prevalence of Pseudomonas on admission: 212/888 (24%)

Reported prevalence of Pseudomonas colonization in perforated diverticulitis community: 6-40%

Community acquired carriage on 
admission: an incompressible 
confounder



SINKLESS Feasiblity Trial 

Inclusion criteria (1) Presence of sinks in patient zone (i.e. <3 meter from the 
bed) in >80% of rooms that are routinely used for patient care; 
(2) capacity to establish the interventions; (3) capacity to 
screen and monitor patients for the outcomes of interest, (4) 
support from hospital leadership (i.e. the gatekeeper) to 
participate 

Exclusion criteria (1) pediatric or neonatal ICUs; (2) specialized ICUs (burn units, 
cardiac ICUs); (3) clusters in hospitals planning to enrol 
subjects in other studies that aim to prevent contamination of 
sinks in the ICU or other management strategies that aim to 
affect the colonization or infection rate with MDR-GNB 



Primary outcomes Metric Green -
proceed

Yellow -
modify

Red –
fail to 
proceed

FEASABILITY

Protocol adherence Proportion of patients treated as per attributed 
intervention during intervention period

>=80% 50-79% <50%

Adherence with 
Screening protocol 

Proportion of patients who undergo screening on 
admission and discharge divided by the number of 
admitted patients during the intervention period 

>=80% 50-79% <50%

completeness of 
outcome data

% eligible patients with completed assessment of 
primary outcome of definitive trial 

>=80% 50-79% <50%

SAFETY and quality of care

Adverse events Frequency of Trial-related adverse events Sinkless <2% Sinkless 2-
5%

Sinkless
>5%

OUTCOMES



Secondary outcomes Metric

FEASABILITY
Primary outcome of definitive trial incidence of MDR-GNB healthcare-associated infections (population-level, per 10,000 bed days): BSI, CLABSI, CAUTI, VAP

incidence of MDR-GNB colonization

incidence of MDR-GNB acquisition per 10,000 patient-days
Tolerability Assessment of skin integrity of patients (Eczema Area and Severity Index (EASI) for patient dermatitis, Braden scale for risk of

pressure ulcer)
HCWs: Hand Eczema Severity Index for dermatitis 

Incidence of other MDR-GNB Rate of recovery from clinical samples of MDR-GNB and select Gram-negative bacteria that are not included in the MDR-GNB list 
(Burkholderia, Chryseobacterium spp, Sphingomonas spp, and Achromobacter spp); 

Protocol deviation Frequency and causes 

Acceptability Assessed through qualitative interviews with ICU staff and patients to examine perceptions of safety, practicality, and impact on 
care delivery to identify barriers and facilitators to implementation and inform refinement of the intervention 

PROCESS INDICATORS and CONFOUNDERS 
Antimicrobial use 

Medical device use central venous catheters, urinary catheters, endotracheal tubes 

Environmental contamination 

Potential unexpected AE C. difficile infection incidence
Hand hygiene compliance

OUTCOMES



Screening for colonization

• Rectal swab 

• Schedule
• Admission
• Discharge 
• Q weekly

• Microbiologic methods
• Plated on chromogenic agar (Chromagar C3GR plate)

• Blinded
• Not reported to clinicians (can be batched, will not influence patient management)



Sample size 
• Sample size based on precision of primary outcome

• E.g. <10 percentage point precision
• Ideally should confirm feasiblity of primary outcome

• Dedicated sample size calculator for feasiblity CRCT
• Cluster size: 325
• Coeff variation 0.5
• ICC: 0.12
• Feasiblity threshold 80% 
• Anticipated compliance 90%
• Sample size = 10, increased 

to 12 to account for 
dropouts 

• Approx 3700 patients 
(incl run-in)

https://clusterrcts.shinyapps.io/RshinyAppPilotStudies/



Economic analysis

• Formal evaluation in definitive trial 

• Will pilot cost analysis in feasiblity trial 



Cost of going sinkless? 

Approximative cost per patient per day
cost/patient/day Notes

Bottled water (2L/J) $2

Waterless bath $1 2$ each but every other day

Waterless shampoo $0.50 $3.50 once a week

Absorbent hygienic liners 
(2.5 per patient per day)

$0.75 Only for 50% patients

Total $4.25

Bagshaw SM, et al. JAMA Netw
Open. 2020;3(8):e2013913.

1 day in ICU: 3426$ per day 
Approx $50K per year for 32-bed ICU



Cost of going sinkless? 

Approximative cost per patient per day
cost/patient/day Notes

Bottled water (2L/J) $2

Waterless bath $1 2$ each but every other day

Waterless shampoo $0.50 $3.50 once a week

Absorbent hygienic liners 
(2.5 per patient per day)

$0.75 Only for 50% patients

Total $4.25

1 week ceftriaxone: $477
1 week ceftolozane-tazo: $40,000
1 week cefiderocol: $17,000

Bagshaw SM, et al. JAMA Netw
Open. 2020;3(8):e2013913.

1 day in ICU: 3426$ per day 
Approx $50K per year for 32-bed ICU



Ecological Impact

• Never assessed so far 

• If intervention shown to be 
effective, then cost-benefit 
assessement will need to take into 
account: 

• Benefits 
• Costs
• Environmental impact 

• Social acceptance = ?
• An averted HAI is worth how much 

pollution? 
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• Eve Dubé (Medical Anthropology) 
• Blair Schwartz (ICU)



MERCI!



Next steps ? 
• Relevance of Research Question? 

• Interest to participate?

• Eventual fundability by CIHR? 

• Potential preliminary projects 

• Survey of current situation 
• Presence and use of sinks/hoppers in ICUs in Canada 

• Identification of strategies to go sink-less 
• Feasiblity, costs, safety

• Methodological considerations
• Study design 
• Outcomes? (infections, colonizations, ATB use…)
• Budget 

Example: Stepped wedge multicenter RCT with 
incidence of colonization as main outcome; 

2nd outcomes: GNR infections,  ATB consumption 



Timeline

• April 2024: First pitch of SINKLESS to CRN 
• Support secured for definitive trial 

• October 2024: Presentation CRN 
• Sinkless as definitive trial 
• Unit randomization entire ICU unit
• Conclusion: uncertainty re. feasiblity, choice of main outcome, costs, sample size
• Uncertainty re. main outome (acquisition vs infection)

• April 2025
• Sinkless as feasiblity trial 



March 2026

• CIHR submission, awaiting results

• Overarching goal research program: establish the effectiveness of 
eliminating the use of sinks for patient care in ICUs to prevent 
colonization or infection due to MDR-GNB 

• First step: obtain the feasibility pre-requisites required to plan the 
subsequent definitive trial across diverse ICU settings, and provide 
effect size estimates to inform its conception. 



SINKLESS Feasiblity Trial 

Design Prospective parallel group open feasiblity cluster randomized 
trial 

Type of pilot External

Population Patients admitted to MS-ICU (adult or pediatric)

Intervention Intervention strategy: sinkless protocol 

Control Standard strategy: SOC

Outcomes Pilot: Feasiblilty



SINKLESS Feasiblity Trial 

Sample size 12 clusters of 6 beds 
Adult medical, surgical or mixed ICU 

Participating centers JGH, MUHC, MSH, Sunnybrook, Unity Health and Hamilton 
Health Sciences

Randomization (1:1) stratified per site

Patient enrollment Automatic upon admission to participating patient bed

Duration intervention 12 months (including 3 months run-in)



Main outcomes in landmark IPAC studies



• ABATE Trial (Huang SS Lancet 2019)
• CHG bathing vs routine bathing 

• Primary outcome: MRSA or VRE clinical cultures attributed to a participating unit (day 3 after 
admission to Day 2 after DC). Any clinical culture (not screening samples)

• Secondary outcomes: 
• Clinical culture for MDR-GNR
• All-pathogen BSI attributable to unit. 

• Exploratory outcomes
• UTI, CDI, 

Huang SS, et al. Lancet. 2019 Mar 23;393(10177):1205-
1215



• Targeted versus Universal Decolonization to Prevent ICU Infection

• Primary outcome: ICU-attributable MRSA-positive clinical culture (excluding 
screening tests)

• Secondary outcomes: 
• ICU-attributable BSI due to MRSA
• ICU-attributable BSI (all pathogens) 

• Clinical cultures obtained at physician’s discretion 

Huang SS n engl j med 368;24



• Cluster crossover 6 ICUs or BMT units 

• Daily bathing with CHG vs nonantimicrobial washcloths 

• Primary outcome: incidence of MRSA or VRE acquisition (colonization or 
infection) 

• Secondary: rate of HA-BSI, CLABSI, 

Climo MW, et al. N Engl J Med. 2013;368(6):533-542



• Universal gloving and gowning to prevent acquisition of MDRO in ICUs

• Cluster RCT in 20 ICUs 

• Primary outcome: 
• Acquisition of MRSA or VRE based on surveillance cultures (admission and DC)

• Blinded to clinicians, batched in central lab 

• Secondary outcomes 
• VRE acquisition 
• MRSA acquisition 
• HAI: CLABSI, CAUTI, VAP as per NHSN 

Harris AD, et al. JAMA. 2013 Oct 16;310(15):1571-80. 
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