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Executive summary
Key findings 

• Antimicrobial-resistant pathogens cause 
more than 2.8 million illnesses and 35,000 
deaths in the U.S. each year. 

• Colorado tracks antimicrobial-resistant 
pathogens and Clostridiodes difficile through 
several national surveillance systems, 
coordinated by the Centers for Disease 
Control and Prevention. 

• The data are used to describe the frequency 
of infections with antimicrobial-resistant 
pathogens, evaluate who gets infected, and 
prevent the spread of these pathogens

• The report provides brief summaries for 
nineteen pathogens that are “urgent,” 
“serious,” or “concerning” threats to public 
health in Colorado and pathogens that are 
“on the horizon.”

• Each pathogen page includes guidance on 
how to prevent the spread of antimicrobial 
resistance for the public, healthcare 
providers and facilities, local public health 
agencies, and laboratories

• Infection prevention and control, diagnostic 
laboratory testing, and antimicrobial 
stewardship play important roles in 
combating antimicrobial resistance.

The department works to reduce AR pathogens 
in Colorado through: 

• Tracking and publishing AR pathogen data.
• Guiding and assisting facilities on best 

practices for infection control.
• Promoting antimicrobial stewardship 

statewide.
• Working with laboratories on pathogen 

testing.

Antimicrobial resistance is a serious health 
threat, and infections by antimicrobial resistant 
pathogens are on the rise. In the latest report 
entitled, “Antibiotic Resistance Threats in the 
United States—2019,” the Centers for Disease 
Control and Prevention (CDC) estimates there 
are 2.8 million illnesses and 35,000 deaths every 
year due to antimicrobial-resistant pathogens. 
Infections with antimicrobial resistant pathogens 
are difficult to treat, and are associated with 
longer hospital stays, increased healthcare 
costs, and increased risk of death following 
infection.
This is the first summary of antimicrobial 
resistant threats in Colorado, covering bacteria 
and fungi that cause serious infections. The 
purpose of this report is to increase awareness 
of antimicrobial threats and share data currently 
available in Colorado. We start with a discussion 
of antimicrobial resistance and why it matters 
to health. We then provide 1-2 page summaries 
for twenty of the antimicrobial-resistant 
pathogens that are most important to public 
health in Colorado. Each summary describes 
what we know about the pathogen, and includes 
steps that you can take to prevent their spread. 
The target audience for this report is broad, 
and includes the public, healthcare providers 
and facilities, local public health agencies, and 
laboratories. Additionally, Coloradoans can learn 
more about strategies to combat antimicrobial 
resistance through antibiotic stewardship, 
infection control, and laboratory services.
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Data Sources 
Antimicrobial resistant pathogens are tracked through many surveillance systems, operated at the CDC and supported by staff at the  
Colorado Department of Public Health and Environment (CDPHE). Table 1 describes the tracking networks, data collected, and what  
pathogens are included. To learn more about laboratory antimicrobial susceptibility testing, see page 52. 

Table 1. Tracking Networks for Antimicrobial Resistant Threats2

Tracking Networks Data Collection and Use Antimicrobial Resistant Bacteria/
Fungus

The Emerging Infections Program (EIP) 
is a CDC supported network of 10 state 
health departments and their collabora-
tion with academic institutions, federal 
agencies, public health and clinical 
laboratories, infection preventionist, and 
healthcare providers. 

There are three main programs within 
the EIP:

•	 ABCs: Active Bacterial Core 
Surveillance

•	 HAIC: Healthcare-Associated 
Infections Community Interface

•	 FoodNet: Foodborne Diseases 
Active Surveillance Network

In Colorado, the EIP surveillance area 
includes Adams, Arapahoe, Denver, 
Douglas and Jefferson counties, and, for 
one pathogen, Boulder county; FoodNet 
surveillance is additionally conducted 
in Boulder and Broomfield counties. 
Laboratories in the area report positive 
tests to CDPHE. 

CDPHE staff conduct in-depth medical 
record reviews and/or interviews with 
patients to collect data in order to 
generate estimates of the incidence of 
infection, to evaluate the symptoms and 
signs of patients with disease, and to 
identify who may be at risk. CDPHE uses 
this information to guide prevention and 
response activities.

ABCs: D

Groups A and B Streptococcus

Haemophilus influenzae

Neisseria meningitidis

Streptococcus pneumoniae

HAIC:

Candida (bloodstream infections 
only)

Carbapenem-resistant Acinetobacter 
baumannii (CRAB)

Carbapenem-resistant Enterobacte-
riaceae (CRE)

Carbapenem-resistant Pseudomonas 
aeruginosa (CRPA)

Clostridioides difficile

Extended-spectrum Beta-lactamase 
producing Enterobacteriaceae 
(ESBLs)

Non-tuberculous Mycobacteria 
(NTM)

FoodNet:

Campylobacter

Cyclospora

Listeria

Salmonella

Shiga toxin-producing E. coli (STEC) 
O157 and non-O157

Shigella

Vibrio

Yersinia

The Strengthening the United States 
Response to Resistant Gonorrhea (SUR-
RG) began in 2016. Colorado receives 
funding to participate in SURRG through 
the CDC’s Epidemiology and Laboratory 
Capacity for Prevention and Control of 
Emerging Infectious Diseases (ELC).

In Colorado, part of the ELC funding is 
used for the Strengthening the U.S. Re-
sponse to Resistant Gonorrhea (SURRG) 
Project to enhance gonorrhea surveil-
lance and infrastructure, build capacity 
for rapid detection and response to 
resistant gonorrhea, and rapid field 
investigations.  

Neisseria gonnorrhoeae
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Tracking Networks Data Collection and Use Antimicrobial Resistant Bacte-
ria/Fungus

The National Antimicrobial Resistance 
Monitoring System for Enteric Bacteria 
(NARMS) is a collaboration between the 
CDC, the U.S. Food and Drug Administra-
tion, the U.S. Department of Agriculture, 
and local/state health departments.

NARMS tracks changes in the antimicrobial suscepti-
bility of certain foodborne bacteria found in ill peo-
ple, retail meats, and food animals within the U.S in 
order to provide information on emerging bacterial 
resistance related to contaminated food products. 

Camplyobacter

Escherichia coli O157

Salmonella

Shigella

Vibrio

The National Healthcare Safety Network 
(NHSN) tracks healthcare-associated 
infections and includes information on 
antibiotic resistance and use.

Healthcare facilities across the U.S. report data to 
NHSN. These data indicate the incidence of health-
care-associated infections over time, and allow 
healthcare facilities and public health agencies to 
develop prevention goals. 

In Colorado, certain healthcare facility types 
required to report select healthcare-associated 
infections. CDPHE staff maintain data quality and 
release a Healthcare-Associated Infections Report 
annually. CDPHE also supports infection prevention 
efforts in facilities.

Central-line associated blood 
stream infections

Clostridioides difficile

Dialysis events (with pathogen 
identification)

Methicillin-Resistant Staphylo-
coccus aureus

Surgical Site Infections 

The National Tuberculosis Surveillance 
System (NTSS) collects information on 
every new case of tuberculosis in the 
United States.

CDC uses the NTSS to measure progress on tuber-
culosis (TB) control, prevention, and elimination 
efforts throughout the U.S.

CDPHE supports TB treatment and control activities 
by providing consultation, training and education, 
and case management of active and latent TB cases. 
Staff conduct TB surveillance, provide guidance for 
contact investigations, and assist with outreach 
activities.

Mycobacterium tuberculosis

Antibiotic Resistance Laboratory 
Network (AR Lab Network) provides 
nationwide laboratory capacity to detect 
antimicrobial resistance in healthcare, 
food, and the community. 

The AR Lab Network provides cutting-edge resourc-
es to detect, characterize, and track antimicrobi-
al-resistant pathogens in the U.S. 

CDPHE staff send pathogens to the AR Lab Network 
for additional antimicrobial resistance testing or 
to test their relatedness to strains causing out-
breaks. CDPHE staff also coordinate with healthcare 
facilities and the AR Lab Network to screen patients 
for antimicrobial-resistant pathogens during public 
health investigations.  

Acinetobacter

Candida

Carbapenemase-resistant En-
terobacteriaceae

Neisseria gonorrhoeae

Salmonella

Full list available on CDC AR Lab 
Network website (www.cdc.gov/
drugresistance/solutions-initia-
tive/ar-lab-network.html)
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Section 1: What is antimicrobial resistance 
and why does it matter?

Figure 1. How Antimicrobial Resistance Happens – CDC1
Some populations are at increased risk of having 
an antimicrobial-resistant infection. These 
persons include those receiving chemotherapy, 
patients who received a complex surgery or 
invasive procedures, persons with rheumatoid 
arthritis, dialysis patients, persons with central 
venous catheters, and transplant recipients. In 
general, prolonged or complicated healthcare 
exposures and antibiotic use are risk factors for 
antimicrobial-resistant infections. 
CDC recommended four strategies to combat 
antimicrobial resistance in 2013.3 The first 
strategy is to prevent infections through 
immunization, handwashing, use of antibiotics 
as directed when necessary, and safe food 
preparation. The second strategy is to track 
antimicrobial-resistant infections to guide public 
health efforts to prevent their spread. The third 
strategy is to improve the way we use antibiotics 
through antibiotic stewardship. Finally, new 
diagnostic tests and new drugs are necessary 
to detect and treat antimicrobial resistant 
infections. These CDC recommendations were 
incorporated into the U.S. National Strategy and 
National Action Plan for Combating Antibiotic-
Resistant Bacteria (found respectively at  
www.cdc.gov/drugresistance/us-activities/
national-strategy.html and  
www.cdc.gov/drugresistance/us-activities/
national-action-plan.html). 

Antimicrobial resistance occurs when a bacteria, fungus, virus, or other germ evolves so that medications used 
for treatment, such as an antibiotic, antifungal, antiviral, or other antimicrobial drug (hereafter referred to as 
“antibiotics”) no longer work. (Figure 1).1 Antimicrobial resistance can be intrinsic, meaning that the germ is normally 
resistant to a specific antibiotic, or acquired over time. The primary risk factor for developing an infection with an 
antimicrobial-resistant germ is use of antibiotics. While antibiotics are necessary to treat infections and very effective 
when the germ causing infection is susceptible, using antibiotics also selects for the bacteria in and on our bodies 
that are resistant, allowing them to multiply. Antimicrobial-resistant germs can then spread from person to person 
through direct contact, through the environment, and even through agriculture (Figure 2-3). Given the opportunity, 
for example, a device that penetrates the skin or a weakened immune system, antimicrobial-resistant germs can cause 
infection.
Infections caused by antimicrobial-resistant germs are increasingly common. In 2019, CDC estimated there were 2.8 
million illnesses in the U.S. due to antimicrobial-resistant germs every year, and 35,000 deaths. In addition, 223,900 
cases of Clostridioides difficile occurred in 2017, including 12,800 deaths1. Antimicrobial-resistant infections can be 
difficult to treat, resulting in longer hospitalizations and requiring the use of more costly antibiotics, antibiotics with 
side effects, or surgeries. For these reasons, antimicrobial resistance is a threat to public health. 
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CDPHE works with partners to implement CDC’s strategies to combat antimicrobial resistance in Colorado. A funda-
mental public health activity includes surveillance for antimicrobial-resistant pathogens encountered by laboratories, 
healthcare providers, and facilities. CDPHE uses the data to guide education for prevention, responses to contain the 
spread of antimicrobial-resistant pathogens and control outbreaks, and efforts to support antimicrobial stewardship 
across the spectrum of healthcare.  

This is the first report to summarize findings from surveillance for antimicrobial-resistant pathogens in Colorado. Its 
purpose is to provide information about antimicrobial resistance in Colorado to the public, healthcare providers and 
facilities, local public health agencies, and laboratories in a single location and understandable format, and to provide 
actionable prevention steps for readers. The report categorizes antimicrobial-resistant pathogens by level of concern 
to public health, includes concise summaries for each pathogen, and adds cross-cutting guidance for infection pre-
vention, antimicrobial stewardship, and laboratory testing. Readers seeking additional information can call CDPHE at 
303-692-2700.  

Figure 2. Examples of How Antibiotic Resistance Spreads – CDC3
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Figure 3. Examples of How Antibiotic Resistance Affects Humans, Animals, and the Environ-
ment – CDC1
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Section 2: Threats of antimicrobial resis-
tance in Colorado by pathogen
CDPHE categorized antimicrobial-resistant pathogens according to level of concern. The categories are similar to those 
used by CDC in the Antimicrobial Resistance Threat Report—2019, with Colorado-specific modifications.1  CDC con-
sidered the following factors when assigning categories of public health concern: clinical impact, economic impact, 
incidence, 10-year projection of incidence domestically and internationally, transmissibility, availability of effective 
antibiotics, and barriers to prevention.1  For examples of how CDC classified pathogens, see the Antibiotic Resistance 
Threats in the United States, 20191 (https://www.cdc.gov/drugresistance/biggest-threats.html). CDPHE considered the 
same factors as well as local epidemiology and current surveillance capabilities. 
 
Pathogens that are of urgent concern are high-consequence antimicrobial resistant threats because of substantial risks 
across several of the described criteria above. These pathogens may not be currently widespread but would require an 
urgent public health response to identify the infections and limit transmission. 
 
Pathogens that are of serious concern are antimicrobial threats that may continue to worsen and become an urgent 
concern if there is not sufficient public health monitoring and prevention activities. 
 
Pathogens that are concerning have multiple therapeutic options available for resistant infections but can cause severe 
illness. These pathogens require some monitoring and in some situations, a rapid response.  

Pathogens that are on the horizon are antimicrobial-resistant pathogens that were not included in CDC’s 2013 or 2019 
report but are currently being monitored via data collection and disease reporting in Colorado.  

Clostridioides difficile is included because it is a frequent cause of disease associated with antibiotic use that can be 
both severe and deadly.1 
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Table 2. Antimicrobial Resistant Pathogens of Interest by Level of Public Health Concern in Colorado

Urgent
 
Carbapenem-resistant Acinetobacter (CRAB)

Candida auris

Clostridioides difficile

Carbapenem-resistant Enterobacteriaceae (CRE)

Antibiotic-resistant Neisseria gonorrhoeae (ARNG)*  

Serious
 
Multidrug-resistant (MDR) Candida

Drug-resistant enteric pathogens**

Extended-spectrum Beta-lactamase-(ESBL)producing Enterobacteriae

Vancomycin-resistant Enterococcus (VRE)

Carbapenem-resistant Pseudomonas aeruginosa (CRPA)

Methicillin-resistant Staphylococcus aureus (MRSA)

Drug-resistant Streptococcus pneumonia

Drug-resistant tuberculosis (TB) 

Concerning
 
Vancomycin-resistant Staphylococcus aureus (VRSA)

Drug-resistant Group A Streptococcus (GAS)

Drug-resistant Group B Streptococcus (GBS) 

On the Horizon
 
Non-tuberculous Mycobacteria (NTM)

Colistin-resistant gram negative bacteria*** 

 
*Also known as drug-resistant Neisseria gonorrhoeae 

**Enteric pathogens were bundled together due to lack of Colorado data availability. 

***No data available from Colorado for this report.
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URGENT pathogens
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What are Carbapenem-resistant Acinetobacter 
baumannii (CRAB)? 

CRAB are pathogens often transmitted in healthcare 
facilities. Critically ill patients are at highest risk, partic-
ularly those with recent surgery, prolonged ventilation, 
and exposure to broad-spectrum antibiotics. Containment 
of CRAB requires early identi   fication and multifaceted 
interventions. The carbapenemase OXA-23 is common in 
CRAB and has been identified in isolates from Colorado. 
 

What data are available in Colorado on CRAB?

CRAB isolated from all body sites are reportable in 
Colorado. Additionally, CDPHE participates in CDC’s 
Multi-site Gram-negative Surveillance Initiative (MuGSI). 
This project collects information on CRAB isolated from a 
normally sterile body site or urine from residents of the 
5-county Denver metropolitan area. For each incident1 
CRAB case, medical record review is performed to gather 
patient demographic characteristics, location of culture 
collection, types of infections associated with the positive 
culture, underlying conditions, and healthcare  
exposures. 
 
1For CRAB surveillance, the first CRAB per patient in a 30 day  
period is included as an incident case in this evaluation. The 
date of incident specimen collection is the date the first  
specimen with CRAB was obtained in the 30 day period. 

Carbapenem-resistant Acinetobacter baumannii (CRAB)

CDPHE currently uses CRAB data to: 

• Evaluate who develops CRAB infection or colonization 
and Colorado, and what factors increase risk of infec-
tion, colonization, or spread of CRAB.

• Describe known resistance mechanisms among CRAB 
isolates, such as the OXA-23 carbapenemase.sistance 
mechanisms among CRAB isolates, such as the OXA-23 
carbapenemase.

This digitally colorized scanning electron microscopic 
(SEM) depicts a highly magnified cluster of Gram-negative, 
non-motile, Acinetobacter baumannii bacteria, as seen 
under a magnification of 27600X.  Source: CDC / Matthew 
J. Arduino 2004

Colorado data

Figure 1. Carbapenem-re-
sistant Acinetobacter bau-
mannii Incident Cases and 
OXA-23 Carbapenemases 
Detected*  
- Colorado 2013 – 2018

*OXA-23 testing began in 2017 in 
regional Antibiotic Resistance Labo-
ratory Network.
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What can you do?

The Public: 

• Tell your doctor if you have recently been  
hospitalized in another facility or in another country.

• Take antibiotics only as prescribed.
• Expect all doctors, nurses, and other healthcare  

providers to wash their hands with soap and water or 
an alcohol-based hand rub before and after touching  
your body. 

• Expect environmental services staff and equipment 
technicians to keep treatment areas clean. 

• Clean your own hands often.
• Ask questions. Understand what is being done to you, 

including the risks and benefits. 
 
Local Public Health Agencies:

• Notify CDPHE of CRAB outbreaks or clusters in all 
healthcare settings. 

• Collaborate with state partners and local facilities to 
respond to outbreaks or clusters.

• Understand CRAB prevalence in your region and 
participate in prevention efforts designed to stop the 
transmission of these pathogens.

Healthcare Providers and Facilities: 

• Arrange for CRAB isolates to be sent to CDPHE for 
carbapenemase mechanism testing. 

• Ask if a patient has received medical care in another 
facility or another country. Ask if a patient has been a 
medical tourist in another country. 

• Perform hand hygiene – use alcohol-based hand rub or 
wash with soap and water before and after contact 
with the patient or their environment.

• Alert the receiving facility when you transfer a 
CRAB patient, and find out when a patient with CRAB 
transfers into your facility.

• Discontinue devices like urinary catheters as soon as 
no longer necessary and limit shared equipment when 
possible.

• Implement appropriate infection prevention and 
control precautions as recommended by CDC. 
 
Laboratories:

• Submit CRAB isolates to CDPHE for carbapenemase 
mechanism testing.

• Communicate with infection prevention staff when 
any multidrug-resistant pathogen is identified.
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Candida auris
What is Candida auris?
Candida auris (C. auris) is a fungus that can cause serious 
illness in patients and can be difficult to treat. It can be 
resistant to many available drugs that are used to treat 
Candida infections. C. auris is considered an emerging, 
global health threat and can cause outbreaks in  
healthcare settings. Specialized laboratory methods are 
needed to identify C. auris as conventional techniques can 
lead to misidentification. C. auris is most often  
misidentified as C. haemulonii, another rare yeast.

What data are available in Colorado on C. au-
ris?
C. auris (including suspect cases, such as C. haemulonii 
identified by a laboratory instrument not equipped to  
detect C. auris) has been a reportable condition in  
Colorado since July 2018. CDPHE has assisted healthcare 
facilities with screening patients at high risk for C. auris 
according to guidance provided by the Centers for Disease 
Control and Prevention.

The Public: 

Be knowledgeable about C. auris and the places it has 
been found. CDC’s has an up-to-date map of U.S. states 
and countries that have identified C. auris.
Understand the risks of C. auris infection or colonization. 
Healthy people typically do not become infected or 
colonized with C. auris. People with multiple medical 
problems, weakened immune systems, frequent hospital 
stays, or who reside in long-term care facilities are at 
greatest risk.
Always wash your hands or use alcohol-based hand rub 
when visiting a healthcare facility.

Local Public Health Agencies: 

Contact CDPHE if a case of C. auris (including suspect 
cases) is reported. 
Learn about C. auris, including who is most at risk for 
infection or colonization and how it can be transmitted, 
and be familiar with available guidance for prevention 
and control. 
Be aware of where cases of C. auris has been identified, 
in the U.S. and abroad. Refer to CDC for up-to-date 
information on locations of identified cases. 
Collaborate with state partners and local healthcare 
facilities to respond to C. auris cases and outbreaks

Healthcare Providers and Facilities: 

Report C. auris (including suspect cases) to CDPHE or your 
LPHA immediately.  
Understand which patients may be at higher risk for C. 
auris and consider screening patients in coordination with 
CDPHE and in alignment with recommendations from CDC. 
Ask patients about recent healthcare exposures abroad 
or in states where C. auris has been identified. Refer to 
CDC for up-to-date information on locations of identified 
cases. 
Have a response plan. Discuss recommendations for 
infection prevention and control of C. auris with 
healthcare workers and environmental services staff. 
Implement appropriate infection prevention and control 
precautions as recommended by CDC.

Laboratories: 

Know whether the yeast identification method used in 
your laboratory can appropriately identify C. auris. CDC 
maintains a list of misidentified pathogens by laboratory 
identification method. 
If your laboratory has a testing method that can 
appropriately identify C. auris, ensure your instrument’s 
library is up to date and validated.
Report any suspected or confirmed cases to your facility’s 
infection control staff and CDPHE or your local public 
health agency immediately. Candida isolates for which 
a species cannot be identified or for which antifungal 
susceptibility testing reveals the pathogen is resistant 
to multiple classes of antifungal drugs should also be 
reported as suspect cases.

C. auris cultured on a petri dish 

Source: Public Health Image Library - CDC

What can you do?
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Clostridioides difficile (C. difficile)

What is Clostridioides difficile? 

C. difficile is a bacteria that can cause diarrhea, as well as more serious conditions, such as pseudomembranous colitis. 
C. difficile is most often related to antibiotic use in a health care setting. However in recent years, these infections 
have been seen in more people without healthcare exposures.

CDPHE currently uses C. difficile data to: 

• Measure the burden of disease and monitor trends in the rates of community and healthcare-associated infections.
Characterize C. difficile strains causing disease in the population under surveillance and describe changes in strain 
prevalence over time.
Describe changes in epidemiology of C. difficile with a focus on cases occurring outside of acute care settings.

What data are available in Colorado on C. difficile? 

C. difficile data have been collected in the five county Denver Metropolitan area (Adams, Arapahoe, Denver, Douglas 
and Jefferson counties) through the Centers for Disease Control and Prevention’s (CDC) Emerging Infections Program 
(EIP) Healthcare-Associated Infections Community Interface (HAIC) activity since 2009. Laboratories report all positive 
C. difficile tests to the health department and medical records are reviewed to collect information about healthcare 
exposures.

Statewide data have been reported by hospitals through CDC’s National Healthcare Safety Network since 2013.

Colorado data

Figure 1. Incident cases and rates of Clostridioides difficile by year — Denver Metropolitan Area 
(EIP),2010-2017
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What can you do?

The Public: 

• Only take antibiotics as prescribed by your doctor.
• Be sure to clean your own hands often, especially 

after using the bathroom and before eating.

Local Public Health Agencies: 

• Respond to suspect outbreaks in your local jurisdic-
tion and contact CDPHE for guidance.

• Encourage antimicrobial stewardship initiatives in 
healthcare facilities within your jurisdiction.

Healthcare Providers and Facilities: 

• Use and prescribe antibiotics judiciously.
Ask patients about their past history of C. difficile 
infection.
• Clean hands with soap and water before and after 

caring for patients. For care of patients with  
C. difficile, use soap and water to remove spores 
from hands.

• Ensure testing for C. difficile is appropriate for 
patients to avoid false positive results.

• Follow infection control precautions to prevent the 
spread of C. difficile (www.cdc.gov/cdiff/clinicians/
resources.html).

 
Laboratories: 

• Ensure protocols are in place for appropriate testing 
of C. difficile specimens.

• If your lab participates in EIP surveillance, notify 
CDPHE of any changes in C. difficile testing at your  
laboratory.

Figure 2. Estimated incidence rates of Clostridioides difficile by Epidemiolo gic classification 
and year — Denver Metropolitan Area (EIP), 2010-2017
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Carbapenem-resistant Enterobacteriaceae (CRE)
What is carbapenem-resistant Enterobacteriaceae (CRE)? 

CRE are a group of bacteria that are hard to treat because they are resistant to multiple antibiotics. These bacteria 
can spread between patients in healthcare facilities if appropriate safety measures are not followed. One way CRE 
become antibiotic-resistant by producing an enzyme that inactivates carbapenem and related antibiotics called a 
carbapenemase. The carbapenemase can be transferred to other bacteria, causing antibiotic resistance to spread.

What data are available in Colorado on CRE? 

CRE are reportable statewide. Data collected include patient demographics, specimen type, organism, antibiotic 
susceptibility results, and carbapenemase results. Additional clinical data are collected in the 5-county Denver 
metropolitan area.

CDPHE currently uses CRE data to: 

• Understand CRE infections around Colorado.
• Prevent CRE from spreading to other people by providing infection control recommendations.
• Detect the mechanisms by which CRE become resistant to antibiotics.

Figure 1. Centers for Disease Control and Prevention  
(CDC): Vital Signs – Making Healthcare Safer

Source: CDC Vital Signs
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KPC: Klebsiella pneumoniae carbapenemase NDM: New Delhi metallo-beta-lactamase OXA-48: oxacillinase-type carbapenemase

Colorado data

Figure 1. Carbapenem-Resistant Enterobacteriaceae (CRE) Incident Cases by Region and  
Colorado Incidence Rate – Colorado, 2013-2018 

Figure 2. Carbapenemases Detected in Carbapenem-Resistant Enterobacteriaceae (CRE) 
Incident Cases – Colorado, 2013-2018

KPC: Klebsiella pneumoniae  
carbapenemase
NDM: New Delhi metallo- 
beta-lactamase
OXA-48: oxacillinase-type  
carbapenemase



22| Colorado Antimicrobial Resistance Threat Report - 2020

What can you do?

The Public: 

• Tell your doctor if you have recently been hospitalized 
in another healthcare facility or country.

• Take antibiotics only as prescribed.
• Clean your hands often.
• Expect all doctors, nurses, and other healthcare 

providers to wash their hands with soap and water or 
an alcohol-based hand rub before and after touching 
your body.

• Ask questions. Understand what is being done to you, 
including the risks and benefits.

Local Public Health Agencies: 

• Notify CDPHE of suspect CRE outbreaks in all health-
care settings.

• Collaborate with state partners and local healthcare 
facilities to respond to CRE outbreaks.

• Understand CRE prevalence in your region and par-
ticipate in prevention efforts designed to stop the 
transmission of CRE.

The definition of incident CRE cases changed in 2016, and additional pathogens were added in July 2018.
Incidence rates are calculated from final estimates from each corresponding year from the Demography Office, Colorado Department 
of Local Affairs.  

Healthcare Providers and Facilities:

• Know if patients with CRE are at your facility, and 
stay aware of CRE infection/colonization rates in your 
facility and in the region.

• Ask if a patient has received medical care in another 
healthcare facility or another country.

• Place patients currently or previously colonized 
or infected with CRE on precautions for infection 
prevention and control as recommended by CDC.

• Perform hand hygiene – use alcohol-based hand rub or 
wash with soap and water before and after contact 
with the patient or their environment.

• Ensure proper and thorough environmental cleaning is 
performed frequently.

• Dedicate rooms/equipment to CRE patients when 
possible.

• Discontinue devices like urinary catheters as soon as 
no longer necessary.

• Alert the receiving facility when you transfer a 
CRE patient, and find out when a patient with CRE 
transfers into your facility.

• Prescribe and use antibiotics wisely.
• Participate in regional and facility-based prevention 

efforts designed to stop the transmission of these 
pathogens.

• Notify CDPHE about suspect outbreaks.

Laboratories: 

• Immediately notify clinical and infection prevention 
staff when CRE are identified.

• Report CRE to CDPHE according to Colorado 
Regulations.

• Submit CRE isolates to the CDPHE laboratory for 
additional testing.

• Resources for testing CRE for carbapenemases and 
performing colonization screening are available 
through the Antibiotic Resistance Laboratory 
Network.
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Antibiotic Resistant Neisseria gonorrhoeae (ARGC)
What is antimicrobial resistant Neisseria gonorrhoeae (ARGC)?

Gonorrhea (GC) is a sexually transmitted infection (STI) caused by the bacteria Neisseria gonorrhoeae which has 
progressively developed resistance to the antibiotics prescribed to treat it.  Current surveillance shows that resistance 
to the last remaining antibiotics to treat GC infections is growing.

What data are available in Colorado on ARGC? 

ARGC data is collected in Colorado through a study called Strengthening the US Response to Resistant Gonorrhea 
(SURRG). 

CDPHE currently uses ARGC data to: 

• Understand ARGC infections around CO.
• Prevent ARGC from spreading. 
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Colorado data

1AZI=azithromycin; CFX=cefixime; CRO=ceftriaxone
22017 isolates from APR to DEC; 2018 isolates from JAN to DEC; 2019 isolates from JAN to OCT 3Colorado Strengthening the US Re-
sponse to Resistant Gonorrhea (SURRG)

Figure 2.

Figure 1.

What can you do?

The Public: 

Anyone is who sexually active is at risk, so talk openly 
about STIs with your partners and your healthcare 
providers.
Get tested—it’s the only way to know if you have an STI.
If you have an STI, work with your healthcare provider to 
get the right medicine.
Take antibiotics as prescribed by your doctor; do not stop 
before you complete your course. 

Local Public Health Agencies: 

Educate health care providers about screening and 
treatment guidelines.
Report treatment failures.
Identify expert health care providers and laboratories 
knowledgeable in ARGC diagnosis, management and  
treatment.

Healthcare Providers and Facilities: 

Follow CDC screening and treatment guidelines, including 
extragenital testing.
Report all STIs to CDPHE.
Report treatment failures to CDPHE’s STI/HIV branch at 
303-692-2700.
Prevent reinfection by notifying and treating partners.  

Laboratories: 

Monitor and identify emerging resistance which may 
involve increasing ability to perform culture testing and 
GC susceptibility testing.
Educate health care providers of the growing importance 
of ARGC.
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SERIOUS pathogens
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Multidrug-resistant Candida spp. (MDR Candida)

What is multidrug-resistant (MDR) Candida?
Candida is a type of fungus that can cause infections in humans. Candida normally lives inside the body in places like 
the mouth and skin without causing problems. Sometimes it can cause more serious infections when it affects the 
blood, heart, brain, eyes, bones and other parts of the body. Candida can become resistant to anti-fungal medications. 
Infections that are resistant to fluconazole and an echinocandin are considered multi-drug resistant. Very few 
treatment options are available for these infections. (See also the section on C. auris.)

Candidemia, a bloodstream infection with Candida, is the most common form of invasive candidiasis and is a leading 
cause of bloodstream infections in patients who are hospitalized. Other risk factors include use of a central venous 
catheter, surgeries, antibiotic use, or a weakened immune system). With an increase in the availability and use of 
antifungal agents, resistance among invasive Candida is a growing concern.  

What data are available in Colorado on Candida?
Candidemia data have been collected in the five county Denver Metropolitan area (Adams, Arapahoe, Denver, Douglas, 
and Jefferson counties) through CDC’s Emerging Infections Program (EIP) since May 2017. Candidemia isolates are sent 
to CDC for laboratory testing, including antifungal susceptibility testing.

CDPHE currently uses candidemia data to:
• Measure the incidence and burden of disease and 

monitor trends in the Denver-metro area.
• Characterize Candida spp. causing bloodstream 

infections and describe changes in species and 
incidence rates over time. 

• Describe the prevalence and risk factors for antifungal 
drug resistance among Candida bloodstream isolates. 

Colorado data

Source: Public Health 
Image Library, CDC

Figure 1. Candidemia Case Counts by Month, Denver Metropolitan Area, 2017 
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Figure 2. Candidemia Cases by Species, Den-
ver-Metropolitan Area, 2017

Figure 3. Percentage of C. glabrata Isolates 
Resistant to Antifungals, Denver Metropolitan 
Area, 2017  (n = 34)

What can you do?

The Public: 

Be a safe patient: Speak up. Patients and caregivers can 
ask whether a central venous catheter (central line) is 
needed, and if so, how long it should stay in place. Tell 
your doctor if the skin around the catheter becomes red 
or painful.
If you are receiving healthcare, be sure everyone cleans 
their hands before touching you. Washing hands or using 
alcohol-based hand rub can prevent the spread of germs.
Keep your hands clean.
Learn more about appropriate antimicrobial use, including 
fungal medications. 

Local Public Health Agencies: 

Encourage healthcare facilities to promote antibiotic and 
antifungal stewardship prevention efforts.
Be knowledgeable about MDR Candida and candidemia.
Support efforts to summarize antifungal prescribing 
patterns across healthcare facilities to understand 
opportunities to promote appropriate antifungal use.

Healthcare Providers and Facilities: 

Prescribe antifungal medications appropriately. 
Test for antifungal resistance for patients with invasive 
disease or for those who are not improving with 
treatment.
Assess antifungal use as part of a comprehensive 
antibiotic stewardship program.
Be aware of resistance patterns in your facility and 
community.
Follow guidelines for the management of candidiasis.
Follow infection control practices for insertion and 
maintenance of central lines.  
Know the risk factors for invasive candidiasis.  

Laboratories: 

Report candidemia to CDPHE according to Colorado 
Regulations.
Submit requested isolates to the state Public Health 
Laboratory. 
Develop capacity to perform antifungal susceptibility 
testing or send out to reference laboratories when 
appropriate.



30| Colorado Antimicrobial Resistance Threat Report - 2020

Drug-resistant enteric pathogens: Campylobacter, 
Salmonella, Shigella, and Typhoid Fever  
(Salmonella typhi)

Pathogens of Concern 

• Campylobacter is a bacteria that causes gastrointestinal illness. Resistance to fluoroquinolones and macrolides are 
increasing nationally. 

• Salmonella is a bacteria that causes gastrointestinal illness. Nationally, CDC estimates that 12% of Salmonella are 
resistant to three or more classes of antimicrobial agents. 

• Shigella causes gastrointestinal illness. CDC estimates that there are 27,000 antibiotic-resistant Shigella infections 
in the US each year. Persons at higher risk for drug-resistant Shigella include international travelers, gay and 
bisexual men, and people with weakened immune systems. 

• Typhoid Fever is caused by Salmonella typhi and results in severe febrile illness. Typhoid fever is typically 
associated with international travel. Though the frequency of drug-resistant Typhoid Fever is increasing globally, 
none has been identified in Colorado.  

CDPHE currently uses enteric pathogen data to: 

• Estimate the burden of enteric pathogens Colorado. 
• Identify and investigate outbreaks in conjunction with local public health agencies.  
• Prevent enteric pathogens from spreading by implementing disease control measures.
• Contribute data to CDC to track changes in antibiotic resistance in human specimens of Campylobacter,  

Salmonella, Shigella, and Typhoid Fever. 

 
What data are available in Colorado on drug-resistant enteric pathogens? 

All cases of Campylobacter, Salmonella, Shigella, and Typhoid Fever are reportable in Colorado. 
• For a small subset of Campylobacter cases in the seven-county Denver metro area, isolates undergo whole genome 

sequencing at the CDPHE lab and antimicrobial resistance testing at CDC. Genetic markers for drug-resistance can 
be identified through whole genome sequencing. 

• All Salmonella isolates undergo whole genome sequencing at the CDPHE lab. Genetic markers for drug-resistance 
can be identified through whole genome sequencing. A subset are sent to CDC for antimicrobial resistance testing.  

• All Shigella isolates undergo whole genome sequencing at the CDPHE lab. Genetic markers for drug-resistance can 
be identified through whole genome sequencing. Suspect treatment failure for Shigella cases are reported to CDC. 

• All Typhoid Fever isolates undergo whole genome sequencing at the CDPHE lab. Genetic markers for drug-
resistance can be identified through whole genome sequencing. A subset are sent to CDC for antimicrobial 
resistance testing.  
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Colorado data

What can you do?

The Public: 

• Do not prepare food for others when you are sick.
• Avoid sex if you or your partner has had diarrhea in 

the last two weeks.
• Seek medical care if you have diarrhea or vomiting.
• Take antibiotics as prescribed by your doctor; do not 

stop before you complete your course.
• Wash your hands after using the bathroom, before 

eating, and before preparing food.
• Obtain a Typhoid vaccine prior to international travel 

to endemic areas, as recommended by CDC. 

Local Public Health Agencies: 

• Interview all cases of enteric pathogens and make 
disease control recommendations. 

• Educate cases about completing antibiotics as 
prescribed and consulting their medical provider if 
illness persists.

• Investigate all detected outbreaks of enteric disease 
and attempt to determine food or exposure causing 
the outbreak. 

• Ensure that Typhoid Fever cases complete negative 
testing to determine if they are carriers.

Healthcare Providers and Facilities: 

• Report all enteric disease cases to public health.
• Consider antimicrobial resistance when prescribing 

antibiotics.    

Laboratories: 

• Communicate with infection prevention staff and 
providers when any multidrug-resistant pathogen is 
identified.

• Report all enteric pathogens to public health.

Figure 1. Incidence of Confirmed Cases of Salmonella, Campylobacter, and Shigella; Colorado 
7-county Denver Metro Area, 2010-2018 
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Vancomycin-resistant enterococci (VRE)
What are vancomycin-resistant enterococci? 

Enterococci are a type of bacteria that normally live in 
the intestinal tract and the female genital tract. The 
bacteria can live in these areas of the body without 
causing disease. Sometimes, they can cause infections. 

Vancomycin is an antibiotic that is commonly used to 
treat infections caused by enterococci. Some enterococci 
are not able to be treated with vancomycin, as they have 
become resistant to the drug and are called vancomycin-
resistant enterococci (VRE). Most VRE can be treated with 
another antibiotic.

VRE infections most commonly occur in hospital settings. 
Common sites of infection include the urinary tract, 
bloodstream and wounds, especially when associated 
with an indwelling medical device or surgical procedure. 

VRE are spread via contaminated hands of healthcare 
workers or by touching surfaces contaminated with VRE.

Vancomycin-resistant  
enterococci
Source: Public Health Image Library

What data are available in Colorado on VRE? 

Although Colorado currently does not perform active 
surveillance specifically monitoring VRE, many infections 
caused by VRE are associated with medical devices, such 
as central lines and catheters. Colorado hospitals report 
central-line associated bloodstream infections (CLABSIs) 
and catheter-associated urinary tract infections (CAUTIs) 
into the National Healthcare Safety Network (NHSN), 
surveillance system. 

What can you do?

The Public: 

Take antibiotics as prescribed by your healthcare provid-
er.
Wash your hands or use alcohol-based hand rub to pre-
vent infections.
Expect all doctors, nurses, and other healthcare provid-
ers to wash their hands with soap and water or an alco-
hol-based hand rub before and after touching your body.

Local Public Health: 

Encourage antimicrobial stewardship initiatives in health-
care facilities within your jurisdiction.
Assist healthcare facilities with responding to outbreaks 
of VRE and contact CDPHE for guidance. 

Healthcare Providers and Facilities: 

Promote antimicrobial stewardship.
Order and review antibiotic susceptibility testing to en-
sure treatments for infections caused by enterococci are 
appropriate.
Apply appropriate precautions for patients with VRE ac-
cording to CDC’s Guidelines for Isolation Precautions.
Follow CDC’s Guidelines for Prevention of CAUTIs and BSIs 
for insertion of catheters and central lines
Remove catheters and central lines from patients when 
they are no longer needed. 
Report known or suspected outbreaks of VRE to the Colo-
rado Department of Public Health and Environment. 

Laboratories: 

Use standardize laboratory methods and follow published 
guidance for determining antimicrobial susceptibility of 
VRE. 
Report known or suspected outbreaks of VRE to the Colo-
rado Department of Public Health and Environment.
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Extended-spectrum beta-lactamase (ESBL)-producing  
Enterobacteriaceae
What are Extended-spectrum Beta-lactamase 
(ESBL)-producing Enterobacteriaceae? 

ESBL-producing Enterobacteriaceae are resistant to 
penicillin and many related beta-lactam antibiotics, 
including extended spectrum cephalosporins. Treatment 
options are limited to very broad-spectrum antibiotics 
such as carbapenems. Infections caused by ESBL- 
producing bacteria are of a concern in healthcare and in 
community settings. Common risk factors for infection 
include recent hospitalizations, prior exposure to 
antibiotics, history of urinary tract infections, older age, 
and diabetes mellitus.  

What data are available in Colorado on ESBL? 

Descriptive data is available from a pilot assessment 
through the Centers for Disease Control and Prevention 
(CDC)’s Multi-site Gram-negative Surveillance Initiative 
(MuGSI). MuGSI aimed to assess the burden and risk of 
ESBL-producing Enterobacteriaceae from Boulder County 
residents. In July 2019 Colorado began a multi-year, 
active population surveillance project for these pathogens 
in Boulder County. Data from this project are not yet 
available. 

Extended-spectrum beta-lactamase  
producing Enterobacteriaceae  
Source: CDC

CDPHE currently uses ESBL data to: 

• Describe the basic epidemiology of ESBL-producing 
Enterobacteriaceae detected from clinical cultures. 

• Refine a case definition for ESBL-producing 
Enterobacteriaceae for use in ongoing surveillance.

• Inform methodology for describing the incidence 
of ESBL-producing Enterobacteriaceae according to 
mechanism of resistance (e.g., ESBL-producers vs 
AmpC-producers). 
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Colorado data

What can you do?

Table 1: Extended-Spectrum Beta-lactamase-Producing Enterobacteriaceae Cases,  MuGSI Pilot  
(Oct - Dec 2017) -- Boulder County, CO

Incident cases = 68 (No., %)
Gender and Age (n= 66 incident cases) 

Male 13 (20%)
Female 53 (80%)

Median age (Range) 71.5 years (26 -94 years)
Ethnicity (n= 66 incident cases)

Not Hispanic or Latino 26 (39%)
Hispanic or Latino 6 (9%)

Unknown 34 (52%)
Race (n= 66 incident cases) 

White 49 (74%)
Asian 2 (3%)

Unknown 15 (23%)

The Public:

Tell your doctor if you have recently been hospitalized in 
another facility or in another country.
Take antibiotics only as prescribed.
Expect all doctors, nurses, and other healthcare providers 
to wash their hands with soap and water or an alcohol-
based hand rub before and after touching your body.
Clean your own hands often.
Ask questions. Understand what is being done to you, 
including the risks and benefits. 
 
Local Public Health Agencies:

Notify the State health department of ESBL-producing 
Enterobacteriaceae outbreaks or clusters. 
Collaborate with state partners and local facilities to 
respond to outbreaks or clusters.
Understand prevalence in your region and participate in 
prevention efforts designed to stop the transmission of 
these pathogens. 
 

Healthcare Providers and Facilities:

Know if patients with ESBL-producing Enterobacteriaceae 
are hospitalized at your facility, and stay aware infection/
colonization rates. 
Ask if a patient has received medical care in another 
facility or another country. Ask if a patient has been a 
medical tourist in another country. 
Perform hand hygiene – use alcohol-based hand rub or 
wash with soap and water before and after contact with 
the patient or their environment.
Alert the receiving facility when you transfer a patient 
with ESBL-producing Enterobacteriaceae, and find out 
when a patient with ESBL-producing Enterobacteriaceae 
transfers into your facility.
Discontinue devices like urinary catheters as soon as 
no longer necessary. Implement appropriate infection 
prevention and control precautions as recommended by 
CDC.
 
Laboratories:

Communicate with infection prevention staff when any 
multidrug-resistant pathogen is identified.
Testing laboratories should routinely report EBSL-
producing Enterobacteriaceae isolated from Boulder 
County residents to CDPHE.
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Carbapenem-resistant Pseudomonas aeruginosa 
(CRPA)

What is carbapenem-resistant 
Pseudomonas aeruginosa (CRPA)? 

Pseudomonas aeruginosa is a type of bacteria found in 
the environment that can cause infections in people. 
Carbapenem-resistant Pseudomonas aeruginosa 
(CRPA) can be hard to treat because it is resistant to 
many antibiotics. Some CRPA produce an enzyme that 
inactivates antibiotics called a carbapenemase. 

What data are available in Colorado on CRPA? 

CRPA are reportable by laboratories statewide. Data 
collected include patient demographics, specimen 
type, organism, antibiotic susceptibility results, and 
carbapenemase results.

CDPHE currently uses CRPA data to: 

Understand CRPA infections around Colorado.
Prevent CRPA from spreading to other people by providing 
infection control recommendations. 
Detect the mechanisms by which CRPA become resistant 
to antibiotics.

Colorado data

Figure 1. Carbapenem-Resistant Pseudomonas aeruginosa (CRPA) Incident Case Counts and 
Incidence Rates – Colorado, 2016-2018

Incidence rates are calculated from final estimates from each corresponding year from the Demography Office, Colorado Depart-
ment of Local Affairs.

Figure 2. Carbapenem-Resistant Pseudomonas aeruginosa (CRPA) Incident Cases by Specimen 
Type – Colorado, 2018
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What can you do?
The Public: 

Tell your doctor if you have recently been hospitalized in 
another healthcare facility or country.
Take antibiotics only as prescribed and clean your hands 
often.
Expect all doctors, nurses, and other healthcare providers 
to wash their hands with soap and water or an alcohol-
based hand rub before and after touching your body.
Ask questions. Understand what is being done to you, 
including the risks and benefits.
Avoid hot tubs or pools that may be poorly maintained, 
and keep contact lenses, equipment, and solutions from 
becoming contaminated. 

Local Public Health Agencies: 

Notify CDPHE of suspect CRPA outbreaks in all healthcare 
settings.
Collaborate with state partners and local healthcare 
facilities to respond to CRPA outbreaks.
Understand CRPA prevalence in your region and 
participate in prevention efforts designed to stop the 
transmission of CRPA.

Healthcare Providers and Facilities: 

• Know if patients with CRPA are at your facility, and 
stay aware of CRPA infection/colonization rates in 
your facility and in the region.

• Ask if a patient has received medical care in another 
healthcare facility or another country.

• Place patients currently or previously colonized 
or infected with CRPA on infection prevention and 
control precautions as recommended by CDC.

• Perform hand hygiene - use alcohol-based hand rub or 
wash with soap and water before and after contact 
with the patient or their environment.

• Ensure proper and thorough environmental cleaning is 
performed frequently.

• Dedicate rooms/equipment to CRPA patients when 
possible.

• Discontinue devices like urinary catheters as soon as 
no longer necessary.

• Alert the receiving facility when you transfer a CRPA 
patient, and find out when a patient with CRPA 
transfers into your facility.

• Prescribe and use antibiotics wisely.
• Participate in regional and facility-based prevention 

efforts designed to stop the transmission of these 
pathogens.

• Notify CDPHE about suspect outbreaks.

Laboratories: 

• Immediately notify clinical and infection prevention 
staff when CRPA are identified.

• Report CRPA to CDPHE according to Colorado 
Regulations.

• Submit CRPA isolates to the CDPHE laboratory for 
additional testing.

• Resources for testing CRPA for carbapenemases and 
performing colonization screening are available 
through the Antibiotic Resistance Laboratory Network 
via CDPHE.

Figure 3. Carbapenem-Resistant Pseudomonas aeruginosa (CRPA) Incident Case Counts and Car-
bapenemases Detected – Colorado, 2016-2018 

Carbapenemases detected:
2017: 1 IMP, 1 KPC
2018: 2 IMP, 1 NDM
------------------------
IMP: imipenemase metallo-beta- 
lactamase 
KPC: Klebsiella pneumoniae  
carbapenemase
NDM: New Delhi metallo-beta-lactamase
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Methicillin-Resistant Staphylococcus aureus (MRSA)

What is methicillin-resistant Staphylococcus 
aureus (MRSA)? 

Staphylococcus aureus (Staph) is a common germ that 
one out of every three people have on their skin. MRSA is 
resistant to penicillin and related beta-lactam antibiotics 
that are often used to treat Staph infections. MRSA can 
spread from person-to-person in healthcare settings and 
in the community through close personal contact.
What data are available in Colorado on MRSA?
MRSA data is currently collected statewide through the 
National Healthcare Safety Network (NHSN) from acute 
care hospitals and long-term acute care hospitals. From 
2008-2014 MRSA data were collected in the 5-county 
Denver metropolitan area through CDC’s Emerging 
Infections Program.

Colorado data

Figure 1. Rate of Hospital-Diagnosed Community-Onset MRSA Bacteremia per 100 Admissions by 
Year and Region

CDPHE currently uses MRSA data to: 

• Understand MRSA infections in different healthcare 
facilities around CO.

• Describe community-onset versus healthcare facility-
onset MRSA infections in CO. 

• Prevent MRSA from spreading to other people by 
providing infection control recommendations.
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Figure 2. Hospital-Diagnosed Methicillin-Resistant Staphylococcus aureus (MRSA) Bacteremia 
Standardized Infection Ratio* by Facility Type**, Colorado 2016-2018

*Standardized Infection Ratio is a risk-adjusted measure to compare the number of MRSA infections in Colorado to the Nation. An SIR 
that is statistically significant and less than 1 is considered better than the nation.

**ACH = acute care hospital; LTAC = long-term acute care hospital; IRF = inpatient rehabilitation facility

What can you do?

The Public: 

Do not share personal hygiene equipment such as 
toothbrushes, razor blades, bath towels, or nail clippers, 
as these can transmit bacteria, including MRSA.
Clean your hands often.
Make sure that all healthcare providers clean their hands 
with an alcohol based hand rub or soap and water before 
and after taking care of you.
If you have any wounds or an intravascular device like a 
dialysis port, make sure you know how to care for them 
when you go home.
Take antibiotics as prescribed by your doctor; do not stop 
before you complete your course.
Tell your healthcare providers if you do have MRSA. 

Local Public Health Agencies: 
 
Be prepared to give guidance on proper infection control 
measures to facilities when an outbreak is reported.
Have materials on hand to educate concerned citizens 
(e.g. this two pager).
Provide guidance to local schools for athletic events to 
prevent spread of MRSA during close contact sporting 
events.
Encourage healthcare facilities to have hand sanitizer (at 
least 60% alcohol) stations easily accessible to staff and 
visitors.

Healthcare Providers and Facilities: 

Ensure healthcare staff take proper infection control 
measures when caring for a patient with a MRSA infection, 
as recommended by CDC.
Educate patients and caretakers about how to prevent 
spread of MRSA.
Follow the CDC guide for outpatient management of MRSA 
infection. 
Do not begin decolonization protocols until active 
infection has been resolved. 

Laboratories: 

Communicate with infection prevention staff when any 
multidrug-resistant pathogen is identified.
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Drug-resistant Streptococcus pneumoniae (SPN)
What is Streptococcus pneumoniae? 

Streptococcus pneumonia (SPN) are gram-positive aerobic 
bacteria that are the most common cause of community-
acquired pneumonia.   Additionally, invasive SPN can 
cause other severe diseases such as bacteremia, and 
meningitis.  

What data are available in Colorado on SPN? 

CDPHE tracks invasive Streptococcus pneumonia infections 
in the 5-county Denver metropolitan area as part of the 
Center of Disease Control’s (CDC) Active Bacterial Core 
surveillance program, which is an active, population- and 
laboratory-based surveillance system. 

CDPHE currently uses SPN data to: 

Monitor the impact of pneumococcal vaccinations, and 
help develop new vaccines to reduce disease burden.
Track antibiotic resistance in pneumococcal isolates.
Understand the burden of disease and inform public 
health policies and antibiotic usage recommendations.

Colorado data

Figure 1. Numbers and Rates of Invasive Streptococcus pneumoniae in the 5-County Metro 
area. 

*2018 data is preliminary

Antibiotic Resistance in SPN? 

Antibiotic resistance is of concern for SPN, specifically for beta-lactams (penicillin and related antibiotics) and 
macrolides (e.g., erythromycin). Cotrimoxazole has largely fallen out of favor as a treatment due to the increased 
resistance. 
   
What is serotyping? 

The CDC subjects all isolates to whole genome sequencing (WGS) which identifies serotypes, or specific strains of SPN. 
Serotyping helps with epidemiologic surveillance, assessing strain virulence factors, and vaccine design. Serotypes 
are used to help identify clusters of outbreaks and transmission within or among populations. There are 90 serotypes 
identified that can cause disease, but the 10 most common serotypes cause the majority of invasive disease worldwide.
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Figure 2. Percentage of isolates that demonstrate antibiotic resistance.

Figure 3. Percentage of isolates that demonstrate antibiotic resistance by serotype

What can you do?

The Public: 

• Make sure you are up to date on all recommended 
vaccinations, including PCV13, and PPSV23, as well as 
seasonal influenza.

• Only take antibiotics when prescribed by your 
provider, and take exactly as directed.

• Local Public Health Agencies:
• Promote routine vaccination of infants, children, 

adults 65+ years, and persons with risk factors for 
invasive disease such as certain chronic medical 
conditions or a weakened immune system.

Healthcare Providers and Facilities: 

Review patient vaccination history and encourage 
vaccination. 
The CDC does not recommend prophylactic antibiotics for 
contacts of SPN. 

Laboratories: 

Communicate antibiotic susceptibility results to 
healthcare providers as soon as possible.
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Drug-Resistant Tuberculosis (TB)
What is Tuberculosis (TB)? 

Tuberculosis (TB) is a mycobacterium spread via airborne 
particulates that can infect humans and other mammals.
What data are available in Colorado on TB?
TB data are collected by local public health reporting 
via TB-18 surveillance forms, electronic lab reporting 
including genotyping and DST results, and electronic 
disease notification from the CDC’s Division of Global 
Migration and Quarantine. 

CDPHE currently uses TB data to:

• Find and manage TB patients through treatment.
• Conduct contact investigations. 
• Find epidemiologic links between patients.
• Direct pass-through funds to local public health 

agencies.

Colorado data

Figure 1. Tuberculosis Drug Resistance: Colorado 2009 - 2018

Figure 2. Tuberculosis Patients in Colorado and Drug Resistance
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What can you do?

The Public: 

Know your TB status by getting a TB test if needed.
Take every dose of your TB medications.
If you feel sick or have an adverse reaction while on TB 
treatment, talk to your provider to discussion solutions.

Local Public Health Agencies: 

Give all TB medications via directly observed therapy 
(DOT) or video directly observed therapy (VDOT).
Work with your TB patient to find solutions to any 
adherence barriers.
Involve your patient in their treatment plan.

Healthcare Providers and Facilities: 

“Think TB” by keeping TB on your differential.
Take a detailed travel and medical history for patients 
with respiratory illness.
Rule out TB before prescribing an antibiotic such as 
fluoroquinolone for respiratory infections. 
Get three sputa for testing and order a Nucleic Acid 
Amplification Test (NAAT) such as GeneXpert in addition to 
acid fast bacillus stain and culture.  

Laboratories: 

Report positive results to CDPHE within 1 day.
Use a NAAT like GeneXpert, which also tests for Rifampin 
resistance.

Figure 3. Tuberculosis Treatment Outcomes - 2017
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Concerning pathogens
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Vancomycin-resistant Staphylococcus aureus (VRSA)

What can you do?

What is vancomycin-resistant Staphylococcus 
aureus (VRSA)? 

Staphylococcus aureus (Staph) is a germ that is commonly 
found on the skin and can sometimes cause infections. 
Vancomycin is a type of antibiotic that is often used to 
treat staph infections. Staph that are resistant to this 
drug are called VRSA. 
 
What data are available in Colorado on VRSA? 

VRSA is a reportable condition in Colorado. Suspect cases 
(including S. aureus that are intermediately resistant to 
vancomycin [VISA]) should also be reported to CDPHE and 
isolates submitted to the state Public Health Laboratory 
for confirmatory testing. Colorado has not identified any 
cases of VRSA to date. 

In the U.S. VRSA is rare; there have been 13 cases 
identified in 4 states from 2002-2013. Four have been in 
hemodialysis patients.

The Public: 

• Take antibiotics as prescribed by your healthcare 
provider.

• Wash your hands or use alcohol-based hand rub to 
prevent infections.

• Expect all doctors, nurses, and other healthcare 
providers to wash their hands with soap and water or 
an alcohol-based hand rub before and after touching 
your body.

• Avoid direct contact with other people’s wounds and 
material contaminated by wounds, such as bandages.

• Avoid sharing personal items, especially those that 
come in contact with skin, such as towels or razors.

• If you visit a friend or family member in a healthcare 
setting, follow the facility’s recommended 
precautions. 

Local Public Health Agencies: 

• Encourage antimicrobial stewardship initiatives in 
healthcare facilities within your jurisdiction.

• Be prepared to give guidance to facilities that report 
cases of VISA/VRSA.

Contact CDPHE with questions about reporting or 
managing cases of VISA/VRSA.

Healthcare Providers and Facilities:
• Promote antimicrobial stewardship.
• Contact CDPHE or your LPHA regarding any suspect 

cases.
• Routinely assess infection control practices important 

to VISA/VRSA prevention, such as hand hygiene, 
adherence to contact precautions and use of 
dedicated equipment. 

• Develop a response plan for when VRSA colonization 
or infection is identified in a patient.

•  Follow CDC’s Recommendations and Guidelines for 
Investigation and Control of VRSA.

Laboratories: 

• Report suspect cases of VISA/VRSA to CDPHE and 
submit isolates for confirmatory testing according to 
Colorado regulations. 

• Notify the infection preventionist and clinical staff at 
your facility about suspect cases of VISA/VRSA.

• Understand appropriate testing methodologies for 
detection of VISA/VRSA.

• Develop a testing algorithm for detecting VRSA in 
your   facility.

•  A sample testing algorithm and additional laboratory-
specific guidance are available from CDC.

    Vancomycin-resistant Staphylococcus aureus
 Source: Public Health Image Library
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Drug-Resistant Group A Streptococcus  
(GAS, Streptococcus pyogenes) 

What is Group A Strep? 

Streptococcus pyogenes (Group A Strep, GAS) is a gram-
positive bacterium that is responsible for a range of 
diseases in humans. These diseases include strep throat, 
impetigo, and cellulitis. Less commonly, GAS can cause 
invasive illnesses such as bacteremia, necrotizing fasciitis, 
and toxic shock syndrome, which can be life threatening 
without appropriate treatment.  

What data are available in Colorado on GAS? 

CDPHEs track invasive GAS infections in the 5-county 
Denver metropolitan area as part of the Center for 
Disease Control & Prevention’s (CDC) Active Bacterial Core 
surveillance program, which is an active, population- and 
laboratory- based surveillance system. 

CDPHE currently uses GAS data to: 

Assess the burden of disease, inform public health 
policies and antibiotic usage recommendations.
Identify trends of invasive GAS infections in the 
community and healthcare settings to target outreach 
efforts to appropriate risk groups. 
Work with healthcare facilities to identify and investigate 
GAS outbreaks.

Colorado data

Figure 1. Numbers and Rates of Invasive Group A Strep in the 5-County Denver Metropolitan 
area. 

*2018 data is preliminary

Antibiotic Resistance in GAS? 

Antibiotic resistance is of increasing concern for GAS. 
Antibiotic susceptibility testing assists clinicians in 
deciding which antibiotic will work to treat a patient. 
Currently, the most concerning trend is the increasing GAS 
resistance to macrolides such as erythromycin.  

What is Emm – typing? 

The CDC tests all isolates by whole genome sequencing 
(WGS) which identifies Emm types, or specific strains of 
GAS. Emm-typing helps with epidemiologic surveillance, 
assessing strain virulence factors, and vaccine design. 
Certain emm types can demonstrate different levels of 
resistance to an antibiotic. Emm types are also used to 
help identify clusters of outbreaks and transmission within 
or among populations.
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Figure 2. Percentage of available isolates that demonstrate antibiotic resistance*, Colorado 
2015-2018

Figure 3. Percentage of isolates that demonstrate antibiotic resistance by emm type

What can you do?
The Public: 

• Only take antibiotics when prescribed by your  
provider, and take exactly as directed.

• Stay active, healthy, and maintain good hygiene by 
washing with soap and water.

• Manage chronic health conditions. 

Local Public Health Agencies: 

• Provide education and infection prevention materials 
to healthcare facilities and the public.

Healthcare Providers and Facilities: 

• Follow all recommended hand hygiene and PPE 
practices and offer education, especially for wound 
care.

• Enforce sick leave policies for staff with pharyngitis.
• Report GAS outbreaks to CDPHE.

Laboratories: 

• Communicate antibiotic susceptibility results to  
providers as soon as possible.

• Report GAS isolated from a normally sterile site within 
the 5-county Denver metropolitan area to CDPHE.
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Drug-Resistant Group B Streptococcus  
(GBS, Streptococcus agalactiae)
What is Group B Streptococcus (GBS)? 

Group B streptococcus (GBS) is a gram-positive, 
β-hemolytic bacterial pathogen commonly carried in the 
lower gastrointestinal tract. Typically, the bacteria are 
harmless in healthy adults, but can cause invasive disease 
in certain populations. GBS-positive pregnant women 
can be at increased risk for bloodstream infections, 
urinary tract infections, and stillbirths. Invasive disease 
in infants can be very serious, often presenting as sepsis 
and meningitis. Approximately 50% of neonate survivors 
have long-term neurologic effects. In adults with certain 
chronic medical conditions, invasive GBS can present 
as sepsis, soft tissue infections, septic arthritis and 
osteomyelitis.  

What data are available in Colorado on GBS? 

CDPHE tracks invasive GBS infections in the 5-county 
metropolitan Denver area as part of the Center for 
Disease Control & Prevention’s (CDC)’s Active Bacterial 
Core surveillance program, which is active, population- 
and laboratory-based surveillance system. Data collected 
include demographics, risk factors, pregnancy and 
delivery information, and types of infections caused by 
GBS. 

CDPHE currently uses GBS data to: 

• Assess the impact of intrapartum prophylaxis and 
antibiotic resistance in GBS and other causes of 
neonatal sepsis.

• Monitor trends of invasive GBS in early- and late-
onset neonatal and adult disease. 

Antibiotic Resistance in GBS 

Antibiotic resistance is of concern for invasive GBS, 
specifically for the antibiotic clindamycin. Antibiotic 
susceptibility testing assists clinicians in deciding which 
antibiotic will work for the patient. In addition to 
antibiotic resistance testing at hospitals for treatment 
purposes, invasive GBS isolates from Colorado are sent to 
CDC for further characterization that includes antibiotic 
resistance testing. Nationwide, GBS has demonstrated 
increasing antibiotic resistance over the years. 
 
What is serotyping? 

The CDC tests all isolates by whole genome sequencing 
(WGS) which identifies serotypes, or specific strains of 
GBS. Serotyping helps with epidemiologic surveillance, 
assessing strain virulence factors, and vaccine design. 
Serotypes are used to help identify clusters of outbreaks 
and transmission within or among populations.

Colorado data

Figure 1. Counts and Rates of Invasive Group B Streptococcus in the 5-County Metro area, 
2013-2018*. 

*2018 data is preliminary
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Figure 2. Percentage of Isolates that Demonstrate Antibiotic Resistance by Serotype—Denver 
metropolitan area, 2015-2018.

What can you do?
The Public: 

Only take antibiotics when prescribed by your provider, 
and take exactly as directed.
Stay active, healthy and maintain good hygiene
Manage chronic health conditions.
If pregnant, attend all prenatal checkups and undergo 
routine tests as recommended by your provider, including 
GBS screening. 

Local Public Health Agencies: 

Promote routine GBS screening during pregnancy.
Target education and awareness toward communities that 
are disproportionally burdened, such as black/African 
American populations and those with chronic medical 
conditions.

Healthcare Providers and Facilities: 

Screen all pregnant women for GBS colonization during 
prenatal care.
Adopt an evidence-based strategy for the prevention of 
early-onset GBS disease.
OBGYNs can utilize the CDC’s free “Prevent Group B 
Strep” app that provides patient- and scenario-specific 
guidance for patient care and antibiotic guidance. 

Laboratories: 

Report GBS results to the healthcare facility and health 
care provider who ordered the test.
Communicate antibiotic susceptibility results to 
healthcare providers as soon as possible.
Report GBS isolated from a normally sterile site in the 
5-county Denver metropolitan area to CDPHE.
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Pathogens on the horizon
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What can you do?

Non-tuberculous Mycobacteria (NTM)
What is non-tuberculous Mycobacteria (NTM)? 

Non-tuberculous Mycobacteria (NTM) are bacteria that 
are normally present in the environment, especially in 
soil and water. NTM are members of the Mycobacterium 
species, other than M. tuberculous complex or M. leprae. 
There are over 150 species of NTM, but only a few cause 
disease. Nearly everyone is exposed to NTM, but only 
some develop infection.

NTM most commonly cause pulmonary infections, usually 
in individuals with an underlying lung disease. NTM can 
also cause infections outside of the lungs, including 
skin and soft tissue infections following trauma and 
exposure to NTM in soil or water in the environment or 
via contaminated surgical equipment or other equipment 
used to pierce the skin. Severely immunocompromised 
persons can develop disseminated NTM infections. NTM 
aren’t typically spread from person-to-person, but 
outbreaks of extra-pulmonary infections have occurred in 
healthcare facilities and community settings due to lapses 
in infection prevention and control. NTM can also cause 
people to have reactions in the lungs when exposed to 
aerosols from a contaminated water source such as a hot 
tub.

NTM infections are difficult to treat. Treatment often 
involves a prolonged course of therapy with multiple 
drugs. NTM are inherently resistant to many antibiotics, 
and may develop resistance to additional antibiotics used 
for treatment over time. Treatment regimens may involve 
multiple antibiotics taken at the same time in order to 
reduce the risk that the NTM will become resistant to any 
single agent. 

What data are available in Colorado? 
 
Pulmonary and extra-pulmonary NTM are a reportable 
condition in the 5-county Denver metropolitan area 
(Adams, Arapahoe, Denver, Douglas and Jefferson 
counties), as of June 2019. CDPHE conducts medical 
record reviews on patients with NTM and sends isolates to 
CDC for enhanced molecular typing. 
 

Mycobacterium avium-intracellulare
Source: Public Health Image Library, CDC

Local Public Health Agencies: 

• Be familiar with outbreaks of NTM in healthcare- and 
community-based settings. 

• Contact CDPHE with questions about reporting NTM.
• Provide support for responding to suspect outbreaks 

in healthcare and community settings, such as 
conducting environmental assessments in nail salons.

• Encourage healthcare facilities to establish water 
management programs.  

The Public: 

• If you own a hot tub, follow manufacturer’s 
recommendations for regular maintenance. 

• If you have chronic lung disease or are 
immunocompromised, consider avoiding the use of hot 
tubs or saunas, particularly if located indoors. 

• Avoid shaving your legs prior to receiving treatments 
in nail salons and spas.

• Some NTM infections have been identified in patients 
who received medical care abroad, also called 
“medical tourism.” Learn about the risks of medical 
tourism and how to minimize the risks if you seek care 
abroad.
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Laboratories: 

• Report cases of NTM to CDPHE and submit isolates 
for confirmatory testing according to Colorado 
regulations. 

• Recognize that identifying NTM species can help 
determine public health actions. 

• If testing capabilities are limited for NTM, identified 
reference laboratories that can assist with NTM 
species identification.  

Healthcare Providers and Facilities: 

• Maintain a high index of suspicion for pulmonary 
or extra-pulmonary NTM infection, particularly for 
those with risk factors such as chronic lung disease, 
immunosuppression, trauma, or recent healthcare 
exposures involving injections or surgery.

• When you see a patient with potential NTM disease, 
carefully evaluate for risks and potential exposures, 
and report suspected outbreaks to public health.

• Healthcare-associated or infections associated with 
tattoos, body art, salons, and spas, may be the sign of 
an outbreak. Report these infections and all suspect 
outbreaks to CDPHE.

• Follow manufacturer’s instructions for cleaning 
and disinfecting invasive medical devices, such as 
endoscopes. Don’t use tap water to clean instruments, 
unless indicated.

• Develop an effective water management program. 
• Intervene as soon as an outbreak is suspected.
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Section 3: Strategies to combat  
antimicrobial resistance
Here are some actions that individuals can take to prevent infection with antimicrobial-resistant 
pathogens:

Action Description
Know Your Risk and Take Care Talk to your healthcare provider about your risk for infections, espe-

cially if you have a weakened immune system or a chronic medical 
condition.

Ask Questions and Speak Up Talk to your healthcare provider about questions you have, such as 
“What do you to prevent infections?” or “What test will be done to 
make sure I’m getting the right antibiotic?”

Clean Your Hands Regularly clean your hands to remove germs, avoid getting sick, and 
prevent the spread of germs. 

Recognize Early Symptoms of Infection Talk to your healthcare provider if you think you have an infection. 
A common sign of infection is a fever. Signs of skin infection often 
include redness, pain, or drainage. 

Use Antibiotics the Right Way Learn more about using antibiotics, including whether they are 
needed or not. 

Remember Pets Share Germs Regularly clean your hands with soap and water after touching 
animals or anywhere animals live, handling pet food, or cleaning up 
after pets or livestock. 

Get Vaccinated Vaccination is one of the best ways to prevent illness. Learn more 
about vaccines recommended for all ages. 

Prepare Food Safely Educate yourself on food safety and follow four steps at home: 
clean, separate, cook, and chill to protect yourself from foodborne 
infections.

Protect Yourself from Gonorrhea Learn effective strategies to reduce your risk of sexually transmitted 
infection. If you are diagnosed with gonorrhea and your symptoms 
continue after receiving treatment, return to your healthcare pro-
vider. 

Stay Health when Travelling Abroad Be aware of what vaccines are recommended, health alerts for your 
destination, and strategies for what to do if you get sick or injured 
abroad by visiting CDC’s Traveler’s Health page. Tell your healthcare 
provider about recent travel.

Table 2. Protecting Yourself and Your Family – Adapted from the Centers for Disease 
Control and Prevention4 

CDPHE has adopted CDC’s strategies to prevent the spread of antimicrobial-resistant pathogens, including: 1) 
prevention of the spread of antimicrobial-resistant pathogens between persons and through the environment, 2) 
laboratory detection and characterization of antimicrobial-resistant pathogens, and 3) antibiotic stewardship. These 
strategies are integrated into all efforts to prevent and control communicable diseases in Colorado. In this section, we 
highlight several cross-cutting efforts that apply to the prevention and control of antimicrobial-resistant pathogens in 
general.
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Infection Prevention and Control: Strategies to Com-
bat Antimicrobial Resistance in Colorado
What is infection prevention and control? 

Infection prevention and control refers to policies, 
practices and procedures that healthcare providers 
and facilities put in place to ensure that healthcare is 
provided in the safest way possible.

Infection prevention should be a priority in any setting 
where healthcare is delivered. The goal is to protect 
healthcare workers from becoming ill and prevents the 
spread of infections between patients.    

Germs depend on people, the environment, and/or 
medical equipment to move in healthcare settings. 
Infection prevention breaks the chain of transmission and 
helps to stops germs in their tracks.

What is an infection preventionist? 

Infection preventionist (IPs) are responsible for 
preventing and controlling the spread of disease in a 
healthcare setting and to the community. 

IPs observe and train healthcare workers on proper 
practices to prevent infections, such as hand hygiene 
techniques. IPs perform surveillance for infections, 
monitor trends and respond to outbreaks. They are 
responsible for developing and implementing polices to 
keep patients safe. 

Many IPs receive a certification in infection control (CIC) 
by passing an examination developed by the Certification 
Board of Infection Control and Epidemiology (CBIC). 

What does public health do to help improve infection control in health-
care facilities?

CDPHE and local public health departments routinely provide infection control recommendations to healthcare 
facilities when patients with antimicrobial-resistant pathogens are identified. 

The Healthcare-Associated Infections and Antimicrobial Resistance Program at CDPHE conducts infection control 
assessments with healthcare facilities upon request and as needed for response efforts. These assessments are designed 
to prevent the spread of infections in healthcare facilities by identifying gaps and guiding quality improvement 
activities. 

The Program also conducts targeted educational events for long-term care facilities, including an in-person quarterly 
infection control training and a series of webinars focused on infection prevention, antimicrobial stewardship and 
related other topics.  

Questions? Contact the HAI/AR Program by calling 303-692-2700.

The Health Facilities and Emergency Medical Services  
Division (HFEMSD) is responsible for the certification and 
licensure of a variety of healthcare facilities across  
Colorado. The Division also conducts inspections on  
behalf of the Centers for Medicare and Medicaid (CMS) for 
healthcare facilities that serve Medicare/Medicaid clients. 
Assessing infection prevention and control practices are a 
part of this regulatory process.

Questions?  
Contact HFEMSD by calling 303-692-2836 or  
email: cdphe.healthfacilites@state.co.us.
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Colorado’s Containment Strategy for Responding to Emerging  
Antimicrobial Resistant Threats

CDPHE has developed a containment strategy based on CDC’s Containment Strategy, which keeps 
new or rare forms of antibiotic resistance from spreading. Infection control assessments are a key 
part of the containment strategy. 

Endemic means a disease 
is regularly found among 
particular people or in a 
certain area.

The goals of CDPHE’s Containment Strategy are to:

   1. Prevent transmission of multi-drug resistant organisms (MDROs)
   2. Prevent MDROs from becoming endemic. 

CDPHE responds to AR threats using a tiered approach. 

Tier Example pathogens
Tier 1: Germs for which no treatment options exist 
or that have never or only rarely been detected in 
the U.S

Pan-resistant organisms  
(bacteria that are resistant to all antibiotics tested)

Novel resistance mechanism or organisms

 
Tier 2: Germs not commonly detected in a  
geographic areaW

Candida auris

All carpabenemase-producing organisms (e.g. CP-CRE)

mcr-producing organisms

Vancomycin-resistant S. aureus (VRSA)
Tier 3: Germs that are known threats in a geographic 
area but are not endemic

 
Carbapenem-resistant Acinetobacter baumannii (CRAB)
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Infection Prevention and YOU! 

What can patients and family members do?

Be a good visitor

Help prevent the spread of infections when you visit a 
loved one in a healthcare setting.

• Don’t visit a hospital or other healthcare facility 
if you are sick or have had symptoms of illness in the 
past 3 days (such as nausea, vomiting, diarrhea, fever, or 
uncontrolled cough or rash). 
• Wash or sanitize your hands when entering or 
leaving the room of a person you are visiting. 
• If you are visiting someone on “isolation 
precautions” talk to the nurse before entering the room 
to find out what steps you need to take. 

Clean your hands often

This is the most important way to prevent infection!

• Wet your hands and apply soap
• Lather your hands by rubbing them together with the 

soap. 
• Be sure to later the back of your hands, between 

fingers, and under your nails
• Scrub your hands for at leeast 20 

seconds
• Rinse hands well under running 

water
• Dry your hands using a clean tower, 

and use a paper towel to turn off 
the faucet.  

Alcohol-based hand sanitizers should contain at least 60% 
alcohol to be effective. 

Speak up for your care!

If you have a concern, ask a question!

Examples: 

• This area in my room seems dirty. Can you please 
clean it?

• I didn’t see you clean your hands. 
Would you mind cleaning your 
hands before touching me?

• Can you please check my bandage?
• Did you use a clean needle and 

syringe to draw up this medication?
• Have you used this vial of medication on another 

person?

Staying healthy at home

Create and maintain a healthy, infection-free 
environment.

• Stay home from work or school if you don’t feel well. 
• Wash or sanitize your hands after you come home 

from public places. 
• Don’t share personal items, such as toothbrushes, 

towels, razors, and nail clippers. These can be 
sources of bacteria. 

• Clean and disinfect frequently touched surfaces on 
a regular basis. Clean more often if there are sick 
family members in your home. 

These tips area adapted from the Association for Professionals in Infection Control (APIC)’s “Infection Prevention and 
You” website. 
Visit https://professionals.site.apic.org/ for more great tips!
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Infection Prevention Resources for Healthcare Facilities

Colorado Department of Public Health and Environment

CDPHE has developed a variety of educational handouts and materials that can be used for as part of a training 
program for infection prevention and control in healthcare facilities. 
Visit: www.colorado.gov/pacific/cdphe/hai-resources

Presentations, references, resources, handouts and an infection prevention training booklet developed for a bi-annual 
Infection Prevention Training for Long-term Care Facilities are also available. 
Visit: www.colorado.gov/pacific/cdphe/hai-training

Centers for Disease Control and Prevention

Infection Prevention Guidelines and Guidance Library: Find anything 
from basic infection prevention and control guidelines to guidelines  
for specific diseases and organisms. 
Visit: www.cdc.gov/infectioncontrol/guidelines/index.html

Infection Control Assessment Tools: A variety of tools designed to help 
healthcare providers to implement precautions to prevent infection. 
Tools are available for a variety of settings, including outpatient 
settings, dental settings, and long-term care.
Visit: www.cdc.gov/infectioncontrol/tools/index.html

Transmission-Based Precautions: Standard precautions are a set of practices that should be used during all patient 
care activities. These include hand hygiene, using personal protective equipment (PPE) such as gowns, gloves and 
masks when indicated, following cough etiquette, ensuring appropriate patient placement, handling potentially 
contaminated medical equipment and surfaces in the patient environment appropriately, and following safe injection 
practices. Transmission-based precautions go beyond standard precautions and are to be used when caring for patients 
who may be infected or colonized with certain infectious agents, including antimicrobial resistant pathogens. 
Visit: www.cdc.gov/infectioncontrol/basics/transmission-based-precautions.html

Infection Prevention Training: The Nursing Home Infection Preventionist Training course covers core activities of 
effective infection prevention and control programs and reviews recommended practices to reduce healthcare-
associated infections and antibiotic resistance. The course was produced by CDC in collaboration with the Centers for 
Medicare and Medicaid Services (CMS). 
Visit:  www.cdc.gov/longtermcare/training.html 
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Diagnostic laboratory testing is a core component of identifying and responding to antibiotic resistance in Colorado. 
Laboratory tests guide patient treatment, identify emerging antimicrobial-resistant pathogens, and help to detect 
spread of pathogens between people. Antimicrobial-resistant genes and germs that could cause hard-to-treat or 
potentially untreatable infections in Colorado are rapidly detected by a collaboration between: 

• Healthcare and clinical laboratories
• Colorado Public Health Laboratory 
• Centers for Disease Control and Prevention (CDC) Regional Laboratories
 • Division of Tuberculosis Elimination (DTBE) Laboratory Branch Testing 
 • Antibiotic Resistance Laboratory Network (AR Lab Network)
• CDC Laboratory
• Collaboration from the local to national levels results in more rapid response for detecting resistance. Learn more 

below about the role each laboratory plays in combating antibiotic resistance in Colorado.

Healthcare and Clinical Laboratories 

Healthcare and clinical laboratories are on the frontline of detecting antimicrobial resistance. These laboratories serve 
an important role in notifying healthcare providers, infection control staff and CDPHE of unusual resistance. When 
an antimicrobial-resistant germ is suspected, the isolate (pure samples of a germ) is then sent to the Colorado Public 
Health Laboratory or a CDC laboratory for additional testing.

Colorado Public Health Laboratory (www.colorado.gov/pacific/cdphe/lab)

As part of the public health system in Colorado, this laboratory performs additional testing needed to determine 
whether or not a suspect antimicrobial-resistant germ is a threat to public health. The CO Public Health Laboratory 
works closely with CDPHE epidemiologists, or disease detectives, to inform public health recommendations. If an 
unusually antibiotic-resistant germ is identified, this laboratory plays a critical role in coordinating the public health 
response alongside the affected healthcare facilities, CDPHE epidemiologists and the CDC. These collaborative 
recommendations keep our communities safe from antimicrobial-resistant germs.

CDC Regional Laboratories

Division of Tuberculosis Elimination (DTBE) Laboratory Branch Testing  
(www.cdc.gov/tb/topic/laboratory/default.htm) 

The National TB Molecular Surveillance Center is equipped to perform whole-genome sequencing for Mycobacterium 
tuberculosis (TB) isolates identified in the U.S. The National TB Center receives all available isolates from the state 
health departments. Direct Susceptibility Testing (DST), Molecular Susceptibility Testing, and Genotyping are offered 
for TB. DST is typically performed by the clinical laboratory. If a specimen is found to be rifampin (a first-line TB 
medication) resistant, in rare instances where CPDHE suspects that an individual may have multi-drug resistant TB, 
or CDPHE receives discordant DST results, CDPHE can request a specimen be sent to either CDC or the California 
Department of Public Health Microbial Disease Laboratory (CDC contractor) for first- and second-line molecular 
susceptibility testing. In these instances, CDPHE requests the specimen in question be sent to the CO Public Health 
Laboratory from the originating/reference laboratory. The state Public Health Laboratory forwards the specimen to 
CDC or CA. Isolates are also sent to CDC contract lab in Michigan for Mycobacterium Interspersed Repetitive Units – 
Variable Number of Tandem Repeats (MIRU-VNTR) testing and whole genome sequencing (WGS) including spoligiotyping. 
Currently, results from these tests can be requested from the CDC for use in cluster detection and to support local TB 
contact investigations, with the plan to use WGS solely beginning in 2021. 

Laboratory
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Antibiotic Resistance Laboratory Network (AR Lab Network)  
(www.cdc.gov/drugresistance/laboratories.html)

CDC’s AR Lab Network supports nationwide lab capacity to rapidly detect antibiotic resistance and inform local 
responses to prevent spread and protect people. The network closes the gap between local capabilities and the data 
needed to combat antimicrobial resistance by providing:
 
• Comprehensive lab capacity and infrastructure for antimicrobial resistant pathogens,
• Cutting-edge technology, like DNA sequencing,
• Data to drive response and prevent infections.
Colorado’s regional AR Lab Network is located in Salt Lake City, Utah. The AR Lab Network uses these data to detect 
existing and emerging types of antibiotic resistance, track changes in resistance and identify outbreaks. This activity 
generates stronger data to protect people and combat future resistance threats.

CDC Laboratory  
(www.cdc.gov/drugresistance/laboratories/how-labs-work-together.html)

The CDC Laboratory in Atlanta, Georgia conducts laboratory investigations of samples from around the U.S. and world 
to identify pathogens and diseases that other laboratories cannot. This laboratory develops and evaluates new methods 
to detect and track emerging threats, including new types of antimicrobial resistance. The regional labs will send 
unusual isolates to CDC to confirm testing and conduct additional tests when needed. CDC provides recommendations 
for local prevention and response and supports outbreak response when threats are reported. CDC adds isolates to the 
CDC and U.S. Food and Drug Administration (FDA) Antibiotic Resistance Isolate Bank (www.cdc.gov/drugresistance/
resistance-bank/index.html) for drug and diagnostic test development.
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Antibiotic Stewardship

What is antibiotic stewardship? 

Antibiotic stewardship is a coordinated effort to measure 
and improve the way antibiotics are used. It is a key 
strategy to combat antibiotic resistance. Antibiotic 
stewardship contributes to improved patient outcomes, 
decreased  
C. difficile infections, and decreased antibiotic resistance.  

What data are available in Colorado on  
antibiotic stewardship? 

Hospitals report core elements of antibiotic stewardship 
to the National Healthcare Safety Network. Hospitals and 
nursing homes volunteer facility-specific summaries of 
bacterial  
susceptibility to antibiotics to be included in the Colorado 
Antibiogram. 

CDPHE currently uses antibiotic stewardship 
data to: 

Support antibiotic stewardship programs that meet CDC’s 
core elements in hospitals, nursing homes, and outpatient 
settings.

What is an antibiogram? 

An antibiogram is a summary of the antibiotic 
susceptibility of bacteria cultured from clinical 
specimens, usually specific to a healthcare facility. 
Healthcare providers use antibiograms to guide choice of 
antibiotic therapy before a patient’s microbiology test 
results are available. Antimicrobial stewardship teams 
use antibiograms to identify opportunities for improving 
antibiotic use, such as the inappropriate use of broad-
spectrum antibiotics or antibiotics associated rising rates 
of resistance. 
Colorado produces a state antibiogram found here:  
www.colorado.gov/pacific/cdphe/hai-data. 

The objectives of the antibiogram are to: 

 1)  Be a publicly available tool for antibiotic  
      stewardship,
 2)  Increase public knowledge of antibiotic  
      resistance,
 3)  Inform allocation of resources to improve  
      antibiotic use,
 4)  Demonstrate antibiotic resistance patterns by  
      region, and
 5)  Inform population-level antimicrobial  
      stewardship strategy.

Colorado data
Prevalence of Individual Core Elements of Antibiotic Stewardship Reported to the National 
Healthcare Safety Network — Colorado Hospitals, 2018 (n=81*)

*67 of the 81 (83%) healthcare facilities in Colorado met all seven core elements
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Statewide Antibiogram for Gram Negative Bacteria in Hospitals 
—Colorado, 2016 1,2
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What can you do?
The Public: 

• Stay healthy: clean hands, cover coughs, stay home 
when sick, and get vaccinated. 

• Be aware that antibiotics are only needed for treating 
certain infections caused by bacteria and do not work 
on viruses that cause colds or flu.

• Be aware that anytime antibiotics are used, they can 
cause side effects.

• Be aware that taking antibiotics creates resistant 
bacteria.

• If you need antibiotics, take them exactly as 
prescribed.

• Learn more about antibiotics and their indications at 
www.cdc.gov/antibiotic-use.

Local Public Health Agencies: 

• Engage local prescribers and facilities in discussions 
about antibiotic use and antibiotic resistance and 
refer them to available resources from CDC or CDPHE.

• Understand local antibiotic resistance patterns and 
potential associations with antibiotic use.

• Participate with CDPHE in the containment strategy 
to prevent spread of antibiotic resistance and in 
the response to outbreaks of antibiotic-resistant 
pathogens.

• Learn more about antibiotic stewardship interventions 
in health care settings at www.cdc.gov/antibiotic-use.

Healthcare Providers and Facilities: 

• Refer to evidence-based practice guidelines for 
appropriate indications for antibiotic use and optimal 
antibiotic choice and duration of therapy.

• Develop antibiotic stewardship programs consistent 
with CDC’s Core Elements of Antibiotic Stewardship. 

• Use antibiotic resistance data to identify 
opportunities to improve antibiotic use.

• Track and report hospital antibiotic use via the 
National Healthcare Safety Network.

• Make a public commitment to your patients to use 
antibiotics appropriately to improve their health.

• Learn more about evidence-based interventions to 
improve antibiotic use at www.cdc.gov/antibiotic.

Laboratories: 

• Provide diagnostic stewardship to ensure that the 
right test is used on the right patient at the right 
time.

• Implement rapid diagnostic tests in coordination with 
an antibiotic stewardship program.

• Summarize antibiotic susceptibility data and 
distribute these data to prescribers.

• Track and report hospital antibiotic resistance via the 
National Healthcare Safety Network.

• Notify public health of reportable antibiotic-resistant 
pathogens.

*Copied from Centers for Disease Control and Prevention⁵: www.cdc.gov/antibiotic-use 

For questions about antibiotic stewardship, including requests for guidance for the development and implementation of 
antibiotic stewardship programs in any healthcare setting, call 303-692-2700.
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• The latest Colorado TB surveillance report which includes drug-resistance data:  
drive.google.com/file/d/1_clGS4PWnsWjaptjCxaKhK57n8m4cxId/view

• CDC’s drug-resistant TB page that includes on tab on preventing drug-resistance:  
www.cdc.gov/tb/topic/drtb/default.htm

• CDC’s Diseases and Organisms in Healthcare Settings website: www.cdc.gov/hai/organisms/organisms.html
• CDC’s Antibiotic/Antimicrobial Resistance website: www.cdc.gov/drugresistance/index.html
• CDC’s Antibiotic Threat Report (2019): www.cdc.gov/drugresistance/biggest_threats.html
• CDPHE’s Healthcare-Associated Infections Data: www.colorado.gov/pacific/cdphe/hai-data

Resources
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Glossary

Adapted from the CDC.1 

Antibiotics: drugs that treat infections caused by bacteria. This report also uses the term “antibiotic” to indicate the 
more general term “antimicrobial.” 

Antibiotic susceptibility testing: Describe how sensitive germs are to select antibiotics. 

Antifungals: drugs that treat infections caused by fungi.  

Antimicrobials: drugs that treat infections by killing or slowing the growth of pathogens.  

Antimicrobial or antibiotic stewardship: Coordinated efforts to improve the way antimicrobials are prescribed and 
used. 
 
Antivirals: drugs that treat infections caused by viruses. 

Beta-lactam antibiotics: penicillin derivatives and antibiotics with a related molecular structure, including cephalospo-
rins, carbapanems, and monobactams. 

Carbapenems: A class of beta-lactam antibiotics used against many bacteria that are resistant to other antibiotics. 

Carbapenemase: An enzyme produced by certain bacteria that makes beta-lactam antibiotics ineffective (carbapen-
ems, cephalosporins, and penicillin).  

Germ: Tiny living organisms that cause infections including bacteria, fungi, viruses, and parasites.  

Healthcare-associated infection: An infection patients get while receiving medical treatment in a healthcare facility 
(e.g. hospital, outpatient clinic, nursing home, and others). 

Infection prevention and control: Actions to preventing and/or stop the spread of infections. 

Isolate: Pure samples of a germ. 

Multidrug-resistant: Resistant to multiple drugs available for treatment.  

Pathogen: Harmful germs that can cause infection. 
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