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Pathogens by HAI Type, 2015-17

Central Line-Associated Bloodstream Infection

O
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Pathogens by HAI Type, 2015-17

Ventilator-Associated Pneumonia
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Pathogens by HAI Type, 2015-17

Surgical Site Infection
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CDC Surveillance Network: U.S. COVID Impact
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U.S. Antimicrobial Resistance Progress
Erased by COVID

e 80% of COVID patients received antibiotics in 2020
e Hospital-onset MDROs between 2019 to 2020

» CRAB increased 78%
» Candida auris increased 60%
» CRE increased 35%
» ESBL increased 32%
» MDR-Pseudomonas increased 32%
> VRE increased 14%
» MRSA increased 13%

https://www.cdc.gov/drugresistance/pdf/covid19-impact-report-508.pdf
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Decolonization Prevents a
Cascade of Unfortunate Events

Shedding of pathogens 4mmmm Prevents shedding
Environmental contamination
Contamination persists
Failure to clean or disinfect
Staff acquires
Staff fails to remove
Transfer to patient

Broad solution for all MDROs Risk for infection
Benefits carriers too



What is Topical Decolonization?

Topical antiseptic or antibiotic agents to remove commensals or
pathogens from the skin or nose

Most studied products:

» Skin: chlorhexidine

» Nose: mupirocin, iodophor
Strong safety record

Targeted and universal uses




Use of Chlorhexidine
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Decolonization in ICUs



Universal CHG Decolonization in Academic ICUs

® 12 Adult ICU cluster randomized cross-over trial
* 1 hospital dropped out = 9 ICUs, 7,727 patients in 6 hospitals
O ICUs: daily CHG baths & routine soap for 6 months each
O As-treated analysis
v" Reduced MRSA and VRE acquisition by 23%
v Reduced bacteremia by 28%
v Reduced CLABSI by 53%
* No evidence of CHG resistance

Climo et al. NEJM 2013;368:533-42



Pediatric SCRUB Trial
Universal CHG in 10 Academic PICUs

* Randomized cross-over trial of universal CHG bathing, N=1,547
* Two-thirds of parents consented
* As-treated analysis, 36% reduction in bloodstream infections

Milstone AM et al. Lancet 2013:381(9872):1099-106




Reducing MRSA and Bloodstream Infections
in Community ICUs

REDUCE MRSA Cluster Randomized Trial of Hospitals
Randomized Evaluation of Decolonization vs. Universal Clearance to Eliminate MRSA

 Arm 1: Routine Care
— Screened all patients; isolated known MRSA+

* Arm 2: Targeted Decolonization
— Screened all patients; isolated known MRSA+
— Decolonized if MRSA+ (5 days mupirocin, 5 days CHG)

* Arm 3: Universal Decolonization
— No screening; isolated known MRSA+

— Decolonized all (5 days mupirocin, daily CHG) Huang S5 et al. NEJM
2013:368:2255-2265



Baseline and Intervention Periods

43 HCA Healthcare hospitals (formerly Hospital Corporation of America)
74 adult ICUs

74,256 patients and 282,803 ICU patient days

Baseline Phase Intervention
| 12 month In 18 month |

Jan 2009 Jan 2010 Apr 2010 Sep 2011

Huang SS et al. NEJM 2013:368:2255-2265




MRSA Clinical Cultures

Hazard Ratio
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MRSA Bloodstream Infection

Hazard Ratio
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All Pathogen Bloodstream Infection

Hazard Ratio
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Additional Decolonization Impact

* Universal decolonization with mupirocin and CHG
— Highly cost-effective and prevents need to screen !
— Reduces blood culture contamination 2
— Reduces bacteriuria and candiduria in men 3
— No emergence of CHG or mupirocin resistance in trial *
— CLABSI benefit seen with rapid adoption in 95 hospitals °

* By 2021, 63% of US hospitals adopted universal ICU decolonization®
1HuangSS et al. ICHE 2014; 35 S3:523-S31 4Hayden M et al. JCM 2016; 54(11):2735-42

2Septimus EJ et al. ICHE 2014; 35 S3:517-522.  >Septimus ES et al. CID 2016;63(2):172-7
3Huang SS et al. Lancet ID 2016;16(1):70-9 6 NHSN survey, 2021




Decolonization Outside of ICUs



ABATE Infection Project
Active Bathing to Eliminate Infection

Trial Design
e Cluster randomized trial with HCA Healthcare
e 53 hospitals, 194 adult non-critical care units
e Includes: adult medical, surgical, step down, oncology

Arm 1: Routine Care
 Routine policy for showering/bathing

Arm 2: Decolonization
¢ Daily 4% rinse off CHG shower or 2% leave-on CHG bed bath
e Mupirocin x 5 days if MRSA+ by history, culture, or screen




Outcomes and Study Period

* Primary Outcome
— Any MRSA or VRE isolate attributed to unit

* Key Secondary Outcome

— Any bloodstream isolate attributed to unit
(2 positives for skin commensals)

* 339,904 patients, 1,294,153 patient days (intervention)

Baseline Phase Intervention
12 months I In I 21 months
I I I I
Mar 2013 Apr 2014 Jun 2014 Feb 2016

Huang SS Lancet 2019;393(10177):1205-1215



Results: Decolonization Outside of ICUs

* No overall population benefit, unlike ICU trials
0 Lower risk and smaller effect size
0 8.7% non-significant reduction for MDROs

0 6.2% non-significant reduction in bloodstream infection

* Benefit seen in higher risk patients with lines and devices
0 37% reduction in MRSA and VRE clinical cultures

0 32% reduction in all pathogen bloodstream infection

Huang SS Lancet 2019;393(10177):1205-1215



Medical Devices: Attributable Impact

* Benefit seen in higher risk patients with lines and devices
0 10% of population, but a third of MRSA+VRE cultures

0 10% of population, but 60% of bloodstream infections

Huang SS Lancet 2019;393(10177):1205-1215



Importance of Nasal Decolonization



S. aureus and MRSA Infections in ICUs

* Adult ICU infections assessed in single-day multi-center chart review

1150 centers in 88 countries

Causal Africa America America Asia/ Australasia Europe Europe

Agent (North) | (Central/South) | Middle East (Eastern) | (Western)
S. aureus 8% 23% 17% 10% 17% 16% 15%
MRSA 5% 10% 7% 5% 4% 6% 2%

Vincent JL, et al. JAMA. 2020;323(15):1478-1487




S. aureus Invasive Disease in U.S.

e 120,000 S. aureus bloodstream infections / year
* 20,000 associated deaths / year

Kourtis AP et al. MMWR. 2019;68(9):214-219.



Rationale for Mupirocin-lodophor Swap Out Trial

e Adoption of nasal mupirocin for universal ICU decolonization is
variable despite burden of S. aureus ICU infections

* Some are concerned universal ICU mupirocin will elicit resistance
* lodophor and other antiseptics are less likely to lead to resistance

e Swap Out Trial: non-inferiority cluster randomized trial to assess if
iodophor is as effective as mupirocin in preventing S aureus cultures
when combined with CHG baths for ICU universal decolonization

Huang SS et al. JAMA 2023; 330 (14):1337-47



Mupirocin-lodophor Swap Out Trial

* 18 Month cluster-randomized ICU non-inferiority study

e 137 HCA hospitals, 233 adult ICUs
e Mupirocin Arm: Daily CHG & 5 days twice daily 2% mupirocin
* lodophor Arm: Daily CHG & 5 days twice daily 10% iodophor

* Qutcomes
— S. aureus (MRSA & MSSA) ICU clinical cultures (primary)
— MRSA clinical cultures
— All-cause bacteremia
— Emergence of resistance to mupirocin, iodophor

Huang SS et al. JAMA 2023; 330 (14):1337-47



Baseline and Intervention Periods

Arm1
Mupirocin-CHG > Mupirocin-CHG
| Baseline | Phase-in | Intervention |
| 24 months | | 18 months |
May 2015 Apr 2017 Nov 2017 Apr 2019
Arm 2
Mupirocin-CHG > lodophor-CHG

Huang SS et al. JAMA 2023; 330 (14):1337-47



137 HCA hospitals in 18 states
233 ICUs: mixed (56%), cardiac (15%), surgical (11%), medical (9%), neuro (9%)

Intervention: 353,581 patients, 1,414,943 ICU patient days

):1337-47




ICU-Attributable S. aureus Clinical Cultures
As Randomized: Crude Event Rates
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Huang SS et al. JAMA 2023; 330 (14):1337-47



ICU-Attributable S. aureus Clinical Cultures
As Randomized Clustered Analysis

As Randomized Conclusion:
Mupirocin superior to iodophor

18% fewer S. aureus cultures
P<0.001

Huang SS et al. JAMA 2023; 330 (14):1337-47



ICU-Attributable MRSA Clinical Cultures
As Randomized Crude Event Rates
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ICU-Attributable MRSA Clinical Cultures
As Randomized Clustered Analysis

As Randomized Conclusion:
Mupirocin superior to iodophor
14% fewer MRSA cultures
P<0.004

Huang SS et al. JAMA 2023; 330 (14):1337-47



ICU-Attributable Bloodstream Infections
As Randomized Crude Event Rates
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ICU-Attributable Bloodstream Infections
As Randomized Clustered Analysis

As Randomized Conclusion:
lodophor non-inferior to
mupirocin

P=0.7

Huang SS et al. JAMA 2023; 330 (14):1337-47



Cumulative Hazard of S. aureus Clinical Cultures

REDUCE MRSA & Swap Out Trials

Cumulative Hazard: Events/Person Day
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Cumulative Hazard of S. aureus Clinical Cultures

REDUCE MRSA & Swap Out Trials

Cumulative Hazard: Events/Person Day
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REDUCE MRSA & Swap Out Trials
Cumulative Hazard of MRSA Clinical Cultures
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REDUCE MRSA & Swap Out Trials
Cumulative Hazard of Bloodstream Infection
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Importance of ICU Nasal Decolonization for MRSA

S. aureus remains a formidable pathogen in ICUs

Superiority of mupirocin over iodophor supports value of nasal decolonization

lodophor is superior to no nasal decolonization. May be preferred if mupirocin
resistance is high or prescription logistics are problematic

Mupirocin-CHG effect in reducing S. aureus, MRSA, and bloodstream infections
persisted over 10 years, suggesting minimal emergence of resistance



Mupirocin Alone Works

45%

l nosocomial MRSA infection among treated carriers

van Rijen M et al. Cochrane DSR. 2008;(4):CD006216



Role of CHG for MRSA and Disease Prevention

* Assolo agent, CHG
— Does not sufficiently clear MRSA for individual carriers 1-2
— Does reduce skin burden and transmission to others

— |Is active against other MDROs and pathogens

1 Harbarth et al. AACT 1999:43(6):1412-16
2 Fritz et al. ICHE 2011:32(9):872-80



Decolonization Beyond the Hospital



Individual randomized clinical trial
MRSA+ patients on hospital discharge
Education vs decolonization

Follow up for 1 year for infection

Huang SS NEJM 2019; 380(7):638-650



Post-Discharge MRSA Infection Risk

Dantes et al. JAMA Int Med 2013;173(21):1970-8




Project CLEAR Trial

* 2,121 inpatients, ~535,000 days of follow up
* Two Arms
O Arm 1: Hygienic Education

O Arm 2: Hygienic Education + Repeated Decolonization

® Inclusion Criteria

» >18 years old
» Hospitalized within the past 30 days
» MRSA+ culture within 30 days of hospitalization

Huang SS NEJM 2019; 380(7):638-650




Serial Decolonization

* 5-day regimen twice monthly for 6 months
> Twice daily 2% nasal mupirocin

> Twice daily 0.12% chlorhexidine oral rinse

> Daily 4% rinse-off chlorhexidine bath/shower

* 1 Year follow up
> Body swabs and surveys

> Months 1, 3, 6, 9 post-recruitment

> Phone exit survey at month 12

Huang SS NEJM 2019; 380(7):638-650




Project CLEAR Outcomes

® Primary Outcome
> Time until MRSA infection (CDC criteria)

®* Secondary Outcomes
> Time to any infection (CDC criteria)
> Time to MRSA infection (ID clinical judgment)

> Time to any infection (ID clinical judgment)

® Blinded assessment of 8,000+ redacted records
® Each chart reviewed by two ID physicians

Huang SS NEJM 2019; 380(7):638-650




Types of Infection
CDC-Defined MRSA Infection

Education Decolonization

N (%) N (%)
N (first per person) 98 67
Skin and Soft Tissue 34 (35%) 32 (48%)
Pneumonia 18 (18%) 9 (13%)
Primary Blood/Vascular 13 (13%) 10 (15%)
Bone and Joint Infection 13 (13%) 9 (13%)
Surgical Site Infection 13 (13%) 2 (3%)
Other 7 (7%) 5(7%)
?Involving Bacteremia 28 (29%) 19 (28%) )
Requiring Hospitalization 83 (85%) 57 (85%)
\Time to Infection, Mean (SD) 110.6 (91.1) 117.3 (93.4) y

Huang SS NEJM 2019; 380(7):638-650




Types of Infection
CDC-Defined All-Cause Infection

Education Decolonization
N (%) N (%)

N (first per person) 252 207
Skin and Soft Tissue 80 (32%) 59 (29%)
uTl 38 (15%) 46 (22%)
Pneumonia 39 (15%) 25 (12%)
Primary Blood/Vascular 20 (8%) 14 (7%)
Bone and Joint Infection 20 (8%) 14 (7%)
Surgical Site Infection 20 (8%) 8 (4%)
Gl Infection 20 (8%) 21 (10%)
Involving Bacteremia 46 (18%) 37 (18%)
Requiring Hospitalization 225 (89%) 169 (82%)
Time to Infection (Mean) 103.3 (87.3) 109.6 (90.5)




Time to Infection Outcomes,
Unadjusted

Hazard Ratio (95% ClI)

. .. . P-value
Decolonization vs Education

CDC NHSN Criteria
MRSA Infection* 0.70 (0.52-0.96) 0.026

Any Infection W 0.061
Clinical Criteria**

MRSA Infection 0.71 (0.52-0.97) 0.031

Any Infection 0.83 (0.70-0.99) 0.035

* Primary Outcome, main unadjusted analysis
Proportional hazards model assumption met
** Blinded assessment by 2 ID physicians, redacted records

Huang SS NEJM 2019;
380(7):638-650




Primary Outcome, by Adherence
Time to CDC-Defined Infection

®* Adherence measured at each visit, time-varying covariate
® Cox proportional hazards model

Adherence MRSA Infection All-Cause Infection
Relative to Est. HR Bl Est. HR Bt
Education (95% ClI) (95% Cl)
- Education 1.0 1.0
L - None 1.31(0.72.2.38) 0.383 1.68 (1.19,2.36) 0.003 }
- Partial 0.64 (0.40,1.00) 0.050 0.86 (0.67,1.11) 0.241
L_Full 0.56(0.36,0.86) 0,009 0,60 (0.46,0.78) <001 J

Non-adherent subjects fared worse than the average control

Fully adherent subjects had 44% reduction in MRSA infection and
40% reduction in all-cause infections

Huang SS NEJM 2019;
380(7):638-650




Number Needed to Treat

Full

Overall

Adherence
26

27
11
12

MRSA Infection 30
34
26

28

MRSA Hospitalization

Any Infection

Hospitalization due to Infection

Huang SS NEJM 2019;
380(7):638-650




Decolonization in Long-Term Care



The Rise of MultiDrug-Resistant Organisms
(MDROs)

Methicillin Resistant Staphylococcus aureus (MRSA)
Vancomycin Resistant Enterococcus (VRE)
MultiDrug-Resistant Pseudomonas

Extended Spectrum Beta Lactamase Producers (ESBLs)
Carbapenem Resistant Enterobacterales (CRE)
Carbapenem Resistant Acinetobacter baumanii (CRAB)

Candida auris

10-15% of hospital patients harbor at least one of the above

64% of nursing home residents harbor at least one of the above




SHIELD OC: 35 Facility Regional Decolonization

28-month regional intervention: April 2017-July 2019

Participants: 16 nursing homes (NHs), 3 long-term acute care hospitals (LTACHs),
16 hospitals with high patient sharing in Orange County, CA

NHs and LTACHs: universal decolonization
v Chlorhexidine (CHG) antiseptic soap for routine bathing/showering
v" Nasal iodophor for 5d on admission and every other week

Hospitals: decolonize patients on contact precautions

v' Daily CHG bathing/showering
v’ Nasal iodophor decolonization for 5 days

v’ Support ongoing ICU CHG daily bathing
Gussin G et al. JAMA Online ahead of print. April 1, 2024



Nursing Home Impact: 23% MDRO Reduction

¥ 32%
¥ 26%
¥ 39%
¥ 22%

Gussin G et al. JAMA Online ahead of print. April 1, 2024



Gussin G et al. JAMA Online ahead of print. April 1, 2024
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Gussin G et al. JAMA Online ahead of print. April 1, 2024




Impact: NH Hospitalizations Due to Infection

Decolonization:
27% Reduction

p<0.001
Participants: 2.3/1,000 NH Participants: 1.9/1,000 NH
Days Days
Controls: 1.9/1,000 NH Days Controls: 2.0/1,000 NH Days

Gussin G et al. JAMA Online ahead of print. April 1, 2024



NH Hospitalization-Related Costs & Deaths

ssociated with Infection-Related Hospitalization

Adjusted Analysis P

Non-Participant $55 151
| Deaths

Costs _
Decolonization | per 1,000 Resident Days Group-By-Period
Group glu?tlgri_d Interaction Effect
] . ost Ratio % Reduction
Baseline Intervention (95% Cl) P-value
Participant $64 651 $55,149 0.96
$59,327 1.31

Associated with Infection-Related Hospitalization

Events

Adjusted Analysis P

Group-By-Period

izati 1,000 Resident D -
Deccgcr)glllz:tlon per esident Days C:-Iuas;::;d Interaction Effect
- . . % Reduction
Baseline Intervention Ratio (95% Cl) P-value
Participant 0.29 0.25 0.62 23.7% 0.006
Non-Participant 0.23 0.24 0.81 -4.5, -43.0 '

Gussin G et al. JAMA Online ahead of print. April 1, 2024




The Protect Trial

Pragmatic Trial
e 28 nursing homes
* Involved nearly 14,000 residents

» All activities performed by usual nursing home staff

Group 1: Routine Care

* Usual soap for showering/bathing

Group 2: Decolonization
* CHG for all bathing/showering

* Nasal iodophor for all residents, M-F twice daily, every other

week Miller LG et al. NEJM 2023 (Nov 9); 389:1766-1777




CHG for All Routine Bathing and Showering

e Liquid CHG for showering
— 4% rinse off CHG

* CHG cloths for bed bathing
— 2% leave on CHG

2%
No
Rinse
CHG
Cloths

|

4% rinse off for shower 2% cloths for bath




lodophor for Nasal Decolonization

10% povidone-iodine swabs (iodophor) to each nostril
Facility-wide universal strategy
Twice daily for 5 days

On admission and M-F every other week




MDRO Carriage Reduction (Skin/Nares)

Miller LG et al. NEJM 2023 (Nov 9); 389:1766-1777



Trial Outcomes

Outcome Infection-Related Hospitalization Any Hospitalization
s 17% reduction 15% reduction
Reason among hospitalizations | . . . T . i
. in infection—related hospitalizations, in hospitalizations,
Reason among discharges 1 .
among hospitalized among discharged
31% reduction 18% reduction
Per 1,000 Resident Days in infection—related hospitalizations in hospitalizations
per 1,000 resident days per 1,000 resident days
Number Needed to Treat (NNT) 9.7 residents 8.9 residents

1.9 infection-related hospitalizations averted per month per 100-bed nursing home

Miller LG et al. NEJM 2023 (Nov 9); 389:1766-1777
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Training Guides & Ready-to-Use Tools



Decolonization Success Depends on Application

* Lack of training shown to yield no benefit
* Training pearls for CHG

0 Massage firmly

0 Avoid cotton cloths

0 Clean wounds, devices, breaks in skin

0 Check lotion, skin product compatibility

0 4% rinse-off CHG, 2% leave-on (air dry)

Popovich KJ Int Care Med 2010;36(5):854-8
Supple L ICHE 2015;36(9):1095-7



https://www.ahrg.gov/hai/universal-icu-decolonization/index.html



https://www.ahrq.gov/hai/universal-icu-decolonization/index.html

https://www.ahrqg.gov/hai/tools/abate/index.html



https://www.ahrq.gov/hai/tools/abate/index.html

SHIELD MDRO Acute & Long-Term Care Toolkits

www.ucihealth.org/shield



http://www.ucihealth.org/shield

Nursing Home Decolonization Toolkit

ucihealth.org/shield




Staff Decolonization Training

ucihealth.org/shield







Decolonization FAQs
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TE CHG Cloth Observation Checklist

plection Project
range County = .
" | Please complete for THREE different staff per unit |

Individual Giving CHG Bath
Plegse indicate who performed the CHG bath.
O Mursing Assistant (CMA) O Nurse O Other:

Observed CHG Bathing Practices

Plegse check the appropriate response for each observation.

Oy [OMN Patientreceived CHG cloth bathing handout

Oy [OM Patienttold that bath isa norinse cloth that provides protection from germs
Oy [ON Providedrationale to the patient for not using soap at any time while in unit
Oy [N Massaged skin firmiywith CHG cloth to ensure adequate cleansing

Oy OMN Cleanedface and neck well

Oy OM Cleanedbetween fingersand toes

Oy [ON Cleaned between all folds in perineal and gluteal area

Oy [ON [OMNA Cleaned occlusive and semi-permeable dressings with CHG cloth
Oy ON [OnNA Cleaned 6inches of all tubes, central lines, and drains closest to body
Oy ONM OnNfA Used CHG onsuperficial wounds, rash, and stage 1 & 2 decubitus ulcers
Oy On [OnN/A Used CHG on surgical wounds [unless primary dressing or packed)
Oy OM Usedall & cloths [more if needed)

Oy OM AllowedCHG to sir-dry / does not wipe off CHG

Oy [OM Disposed of used cloths intrash fdoes not flush

Query to Bathing Assistant/Nurse

1. Do you ever use s0ap in conjunction with a CHG bathing cloth? If so, when?

2. Do youreapply CHG after an episode of incontinence has been cleaned up?

3. Are you comfortable applying CHG to superficial wounds, including surgical wounds?

4, Are you comfortable applying CHG to lines, tubes, drains and non-gauze dressings?

5. Do you ever wipe off the CHG after bathing?

90



https://www.pathlms.com/naccho/courses/



Training Video for CHG Bathing

CHG bathing and showering instructions
Scenarios for how to encourage patients to accept bath

Commonly missed and important protocol details
(i.e., cleaning lines, tubes, drains, superficial wounds)

Instructions for patients wishing to self-bathe

https://www.ahrg.gov/hai/tools/abate/index.html



https://www.ahrq.gov/hai/tools/abate/index.html

Summary of Decolonization Trials

Topical decolonization of skin and nose repeatedly shows benefit:
v’ reduces MDROs, Gram+ and Gram-
v’ reduces bloodstream infections
v’ reduces hospitalizations
4 highly cost effective
Universal application most effective in high-risk populations
Nasal decolonization, ideally with mupirocin, is essential to reduce MRSA
No emergence of resistance attributed to trial decolonization groups

High value while we monitor for resistance and seek more options
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