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Objectives

● Identify the prevalence of antimicrobial resistance threats in Colorado.

● Implement infection control strategies to prevent spread of antimicrobial 

resistance in long-term care settings.

● Implement antimicrobial stewardship strategies in long-term care settings.



Antimicrobial 
resistance



Antimicrobial resistance threats

Candida auris Carbapenem-
resistant 
Enterobacterales 
(CRE) - E. cloacae, K. 

pneumoniae, E. coli

ESBL-producing 
Enterobacterales
(ESBL) - E. coli, K. 

pneumoniae

Clostridioides 
difficile

https://www.cdc.gov/drugresistance/biggest-threats.html



National epidemiology

C. auris CRE ESBL C. difficile

Emergence First identified in the 

U.S. in 2016

First identified in the 

U.S. in 2001

Emerged in the 1980’s Epidemic strain, 

ribotype 027, emerged 

in the 2000s

Antimicrobial 

resistance

Antifungals

CRE colonization (>50%)

Carbapenems

Carbapenemases (30%)

Penicillins, 

cephalosporins, and 

monobactams

Fluoroquinolones

Incidence Increase in number and 

spread in the U.S. since 

2018

Outbreaks in healthcare 

settings (LTACH, vSNF)

Decrease 7.5 to 6.1 per 

100k from 2016-2020 

35% increase in hospital-

onset CRE in 2020

200 per 100k in 2017 144 per 100k in 2017

36% decrease in 

healthcare-associated 

infections

Community-

associated

- 21% 47% 50% 

Duffy OFID 2023; Guh NEJM 2020;  Guh OFID 2023; Lyman Annals Internal Med 2023; Woodworth. MMWR 2018.



C. auris in Colorado

● 6 (60%) male

● Median age 53.5y (range <1-77y)

● 2 patients admitted to a 

ventilator-capable skilled 

nursing facility (vSNF)

● 2 patients without known out-of-

state exposure



CRE in Adams, Arapahoe, Denver, Douglas, and Jefferson 
Counties

* Case definition change in 2016.



Carbapenemases

● KPC is the most common carbapenemase in 

the U.S.

● NDM is a less-common metallo-beta-

lactamase and is harder to treat. 

● Colorado experienced an increase in KPC in 

2021 and 2022, followed by an increase in 

NDM in 2023.

● Increases in community-onset infections, 

KPC, NDM, and association with long-term 

care has been described elsewhere.

Lee EID 2023.



ESBL-producing Enterobacterales in Boulder County



C. difficile in Adams, Arapahoe, Denver, Douglas, and 
Jefferson Counties

*58% community-associated. 



Transmission, risk factors, presentation

Transmission

● Person-to-person, direct or 

indirect contact 

● Asymptomatic carriers

● Contamination and 

persistence in the 

healthcare environment

● Patient movement between 

health care facilities

Risk factors

● Older age

● Medical comorbidities

● Medical devices, 

procedures, or surgeries

● Prior antibiotic use

● Prolonged hospital stays

● Post-acute care

● Prior colonization

● Travel

Presentation

● C. auris: Blood > urine, 

respiratory, wound 

● CRE, ESBL: Urinary tract 

infection, bacteremia, 

pneumonia

● CDI: Diarrhea, ileus, shock, 

toxic megacolon, intestinal 

perforation, recurrence

● Hospitalization, intensive 

care, death

Adams. Emerging Infect Dis 2018; Donskey. IDCNA 2023; Duffy, ICHE 2022; Guh. OFID 2023; Guh JAMA 2015; Lockhart. Clin 

Infect Dis 2017; Rossow. Clin Infect Dis 2021; .



Asymptomatic carriage

● C. auris: 40-70%

● CRE: 11% (14% in post-acute care)

Arenas. ICHE 2023. Pacilli. Clin Infect Dis 2020; Woodworth. MMWR 2018.



Environmental contamination

Sansom. CID 2023.



Interfacility transmission

Rany et al. (2023): Multidrug-Resistant Organisms Regional Analytics Dashboard.



Long-term care

● Prevalence of ESBL, CRE, C. difficile, 

and C. auris carriage varies by 

location but can be high.

● Carriage contributes to transmission.

● Patients with infection often have a 

history of long-term care residence or  

onset of infection in long-term care.

● Hospitalized patients with infection 

are often discharged to long-term 

care.

Good news: long-term care facility onset 

Clostridioides difficile infection incidence rates 

across 10 US sites.

Duffy. ICHE 2022; Donskey. ICHE 2018; Guh. AJIC 2018; Guh. JAMA 2015; Park. BMC ID 2024; van Dulm. PLoS One 2019.



Infection prevention



Admission screening for C. auris and carbapenemases

● Patients who have had an overnight stay or invasive medical or surgical 

procedure in a healthcare facility outside the U.S. in the previous year.

● Patients who have had an overnight stay in a long-term acute care hospital 

(LTACH) or ventilator-capable skilled nursing facility (vSNF) anywhere in the 

U.S. in the previous year.

CDPHE. Health Advisory 2023.



Standard and enhanced barrier precautions

Standard Precautions

● Hand hygiene with alcohol-

based hand sanitizer or 

soap and water

● Personal protective 

equipment (PPE) as needed 

● Injection safety and 

respiratory hygiene

Enhanced Barrier Prec.

● Targeted gown and glove 

use during high contact 

activities

● For residents with 

colonization, wounds, or 

medical devices 

● No isolation or restriction 

from group activities

Environ. disinfection

● Daily and terminal room 

cleaning

● Environmental surfaces and 

reusable equipment

● EPA-registered products: 

List P for C. auris, List K for 

C. difficile

*Notification upon transfer!

CDC: https://www.cdc.gov/hai/containment/PPE-Nursing-Homes.html



Public health response



Containment - C. auris – Orange County, 2018

Karmarkar et al. Annals Intern Med 2021.

Lessons Learned

● Single regional 

introduction with 

undetected 

transmission.

● Containment efforts 

can control 

transmission if 

initiated early.



Antimicrobial 
stewardship



Antimicrobial stewardship core elements

CDC. Antimicrobial Resistance & Patient Safety Portal: https://arpsp.cdc.gov/profile/ltc/united-states-United%20States.

https://arpsp.cdc.gov/profile/ltc/united-states-United%20States


Antibiograms

CDPHE: https://cdphe.colorado.gov/healthcare-associated-infections-hais/hai-data/colorado-antibiogram.



Tools for diagnosis and antibiotic review

CDPHE: https://cdphe.colorado.gov/antimicrobial-stewardship-in-long-term-care-facilities.

https://cdphe.colorado.gov/antimicrobial-stewardship-in-long-term-care-facilities


Antibiotic use in nursing homes: a summary of guideline 

CDPHE: https://cdphe.colorado.gov/antimicrobial-stewardship-in-long-term-care-facilities.

https://cdphe.colorado.gov/antimicrobial-stewardship-in-long-term-care-facilities


Clinical pathways

https://cdphe.colorado.gov/antimicrobial-stewardship

https://cdphe.colorado.gov/antimicrobial-stewardship


Antibiotic tracking and reporting

CDPHE: https://cdphe.colorado.gov/antimicrobial-stewardship-in-long-term-care-facilities.

https://cdphe.colorado.gov/antimicrobial-stewardship-in-long-term-care-facilities


Conclusions



Conclusions

● Antimicrobial resistance is an urgent public health threat.

● Spread is facilitated by asymptomatic carriage, contamination of the 

healthcare environment, and healthcare-related patient movement.

● Long-term care facilities are intimately connected to a larger network of 

health care facilities in Colorado.

● Clinical prevention strategies include early identification, infection 

prevention, and antimicrobial stewardship.

● Public health prevention strategies include antimicrobial resistance 

containment and enhanced MDRO prevention.



Thank you!
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