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Army Maj. Benjamin Custer, MD, MPH&TM
Army Maj. Benjamin Custer is an Infectious Diseases attending at Walter Reed National 
Military Medical Center (WRNMMC), an Assistant Professor of Medicine at the Uniformed 
Services University of the Health Sciences (USUHS), and currently serves as the Clinical Chair 
of the Infection Prevention and Control Committee (IPC) and co-chair of the Sepsis Committee 
at WRNMMC. 

In his IPC role, he has enjoyed the dynamic challenges related to mpox, avian influenza, C. 
difficile, Candida auris and other MDROs, and most recently, measles. His research activities 
are primarily in the field of HIV, and he has the privilege of teaching medical staff and trainees 
on a variety of infectious diseases topics, while constantly learning from his colleagues.

He grew up enjoying the mountains in Colorado Springs, CO, where he completed his 
bachelor’s in biochemistry at Colorado College in 2006. During his undergraduate time, he 
spent over a year in Taiwan, and after graduating, he spent more than five years in China. 
During that time, he taught himself Mandarin (with the patience and help of many native 
speakers) while working as a high school probability, statistics, and calculus teacher, and later 
as the conference coordinator for an international health conference.

In keeping with his original life plan, he finally applied to medical school in 2012 and 
matriculated as a Second Lieutenant in the Army at USUHS in 2013. Always interested in 
infectious diseases, he completed an Internal Medicine residency at WRNMMC and continued 
with an Infectious Diseases fellowship, culminating with a Master of Public Health and Tropical 
Medicine at USUHS, from which he graduated in June 2023. 
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• The views expressed in this presentation are those of the author and do not 
necessarily reflect the official policy or position of the Department of Defense, nor 
the U.S. Government.

• This continuing education activity is managed and accredited by the Defense Health 
Agency, J-7, Continuing Education Program Office (DHA, J-7, CEPO). DHA, J-7, CEPO 
and all accrediting organizations do not support or endorse any product or service 
mentioned in this activity.

• DHA, J-7, CEPO staff, as well as activity planners and reviewers have no relevant 
financial or non-financial interest to disclose.

• Commercial support was not received for this activity.
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Learning Objectives

At the end of this presentation, participants will be able to:

1. Define multidrug-resistant (MDR) bacteria and its growing threat to healthcare.
2. Explain the mechanisms by which bacteria develop resistance to antibiotics.
3. Identify common MDR pathogens and associated healthcare-associated infections 

(HAIs).
4. Discuss the factors contributing to the emergence of MDR bacteria.
5. Describe strategies for preventing the spread of MDR bacteria in healthcare settings, 

including Infection Prevention and Control (IPC) and antibiotic/diagnostic 
stewardship efforts.

6. Evaluate how the Multidrug-Resistant Organism Repository and Surveillance 
Network’s (MRSN’s) analysis and tools can collaborate with local Infection 
Prevention and Controls (IPCs) for MDR control.
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Evolution of Antimicrobial Resistance (AMR)

https://www.youtube.com/watch?v=plVk4NVIUh8

1 min 54 sec
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Alexander Fleming- Penicillin 1928

• In 1945, as the antibiotic was 
entering commercial use:
 The “public will demand” the new 

miracle drug and thus would begin 
“an era … of abuses.” 

(https://time.graphics/pt/event/755380, n.d.)
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Penicillin Saves a Life 

• In March 1942, Mrs. Anne Miller of New Haven, 
Connecticut, was near death from invasive 
Streptococcus following a miscarriage. Desperate to 
save her, doctors administered an experimental drug: 
penicillin, which Alexander Fleming discovered 14 years 
earlier. 

• At the time, it had saved four of six patients who had 
taken it in England, but it had never been tried in the 
United States.  Miller received her first dose at 3:30 p.m. 
on a Saturday. The next morning her temperature, which 
had hovered between 103 and 106.5 degrees, dropped 
to normal for the first time in four weeks. 

• By Monday her appetite returned, and she had eaten 
four full meals. She lived to be 90 years old.

• Unlike the bacteria that threatened Mrs. Miller, bacteria 
today may be resistant to many or all of the antibiotics 
designed to kill them. 

(CDC, 2019)
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Six of the 18 Most Alarming Antibiotic Resistant 
Threats
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The Threat of Antibiotic Resistance in the US

(CDC, 2019)

You!
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New National Estimate

 Double mortality
 Double duration of hospital 
stays
 Double cost of care
 Choices of antimicrobials 
are limited
 Second-line agents are often 
more toxic

(CDC, 2019) 11
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COVID-19 Impacts

(https://www.cdc.gov/drugresistance/, n.d.) 12
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Polling Question #1

Based on your personal experience, which MDROs are most frequently 
encountered or most problematic? Check all that apply.

a. MRSA
b. VRE
c. ESBL Enterobacterales
d. Carbapenem-resistant organisms
e. Multidrug-resistant Pseudomonas aeruginosa 
f.  Carbapenem-resistant Acinetobacter baumannii (CRAB)
g. Candida auris
h. Clostridioides difficile 
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MDR Organisms 

• ESKAPE+ bacteria
 Enterococcus faecium (vancomycin-

resistant)
 Staphylococcus aureus (methicillin-

resistant)
 Klebsiella pneumoniae
 Acinetobacter spp
 Pseudomonas aeruginosa
 Enterobacter spp, Escherichia coli

• Candida spp 

“MDR” definition:     
Non-susceptible to 

>1 drug from >3 
classes

“MDR” definition:     
Non-susceptible to 

>1 drug from >2 
classes

(Arendrup, et.al. 2017)
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Germs Fight Back: Resistance Mechanisms

(https://www.biologyonline.com/dictionary/pathogen, n.d.)
(https://loonylabs.org/2014/10/04/antibiotic-resistance/, n.d.)
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Germs Fight Back: Resistance Mechanisms
 (1 of 6)

Natural Resistance
Always occurring in the 
bacteria
• Intrinsic resistance: 

Always expressed in 
the species

• Induced resistance: 
Genes naturally 
present in the 
bacteria but only 
expressed to 
resistance levels 
after exposure to an 
antibiotic

Acquired resistance
Genes/Genetic material 
that confers resistance 
can be transferred laterally

Examples of bacteria with intrinsic resistance

(Reygaert, 2018)
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Polling Question #2

Microbes have multiple ways of resisting the effects of antimicrobials. 
Understanding these mechanisms helps to inform the selection of 
antimicrobials to overcome specific resistance mechanisms. 

Name as many types/mechanisms of resistance as you can think of.

17
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Germs Fight Back: Resistance Mechanisms 
(Cont. 2 of 6)

1) Decreased Uptake

(Scott, 2017)

18



UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

Germs Fight Back: Resistance Mechanisms 
(cont. 3 of 6)

1) Decreased Uptake
2) Efflux Pumps

(Scott, 2017)
19



UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

Germs Fight Back: Resistance Mechanisms 
(cont. 4 of 6)

1) Decreased Uptake
2) Efflux Pumps
3) Enzyme Inactivation

(Scott, 2017)
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Germs Fight Back: Resistance Mechanisms 
(cont. 5 of 6)

1) Decreased Uptake
2) Efflux Pumps
3) Enzyme Inactivation
4) Mutation

(Scott, 2017)
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Germs Fight Back: Resistance Mechanisms 
(cont. 6 of 6)

1) Decreased Uptake
2) Efflux Pumps
3) Enzyme Inactivation
4) Mutation
5) Biofilms = "Persistence" not "Resistance"

(Scott, 2017)
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Passing Resistance Mechanisms

Imagine plasmids as tiny 
USB drives that bacteria 
can use to share important 
information (like AMR 
genes) with other bacteria 
by plugging themselves in

(Scott, 2017)
(Mutuku, 2022)
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Urgent and Serious Threats

(CDC, 2019)
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Drivers of Resistance

• Causes of “the global resistome”:
 Excessive use of antibiotics in 

animals (food, pets, aquatic) and 
humans

 Antibiotics sold over-the-counter
 Increased international travel
 Poor sanitation/hygiene
 Release of non-metabolized 

antibiotics or their residues into 
the environment through 
manure/feces

• It has been estimated that there are 
over 20,000 potential resistance 
genes present 
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Drivers of Resistance, continued

Antibiotics sold over-the-counter
Poor antibiotic stewardship 

Poor infection control / 
sanitation / hygiene 

Weak AMR surveillance systems
(https://www.linkedin.com/posts/dr-cary-adams-4a942737_international-dialogue-on-sustainable-financing-activity-7206259512947658752-Y8LO, 2024)
https://healthcare-in-europe.com/en/news/who-updates-list-of-essential-medicines-diagnostics.html, 2019)
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International Travel Contributes to 
Antimicrobial Resistance Dissemination 

• 1,847 travelers were MDR organism 
(MDRO)-negative before travel and 
had available samples after return

• 633 (34.3%) acquired ESBL (+) 
(Enterobacterales) during 
international travel 

• Highest number of acquisitions in 
those who travelled to southern 
Asia: 136 of 181 (75.1%, 95% CI 
68.4–80.9)

(Arcilla, et.al. 2017)
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Methicillin-Resistant Staphylococcus Aureus 
(MRSA)

• MRSA is one of the most important causes of hospital infections worldwide
• High-level resistance to methicillin is caused by the mecA gene, which encodes an alternative 

penicillin-binding protein (PBP 2a)
• Mortality among those with MRSA bacteremia ranges between 15-50%
• MRSA is the leading cause of healthcare-associated infections in neonatal intensive care units 

(NICUs)

(Wiener, et al. 2016 )
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The Problem of Colonization 

• Studies show that about 33% of the population are colonized with S. aureus 
• Between 1 to 1.8% of the general population is colonized with MRSA
• MRSA rates among healthcare workers is 5-7%
• A national cohort study conducted in the United States indicated that MRSA colonization among 

community adults aged 40–85 is associated with a significantly increased mortality risk (hazard 
ratio, 1.75; 95% CI 1.12–2.73) 

Factors that influence acquisition of nosocomial antibiotic-resistant bacterial infections
(Hasanpour, et al. 2023)
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Routes of MRSA Transmission

• Most commonly transmitted to patients via 
contaminated hands of health care personnel

• Hospitalized patients may also acquire MRSA from 
contaminated environmental surfaces

• Community-associated MRSA is commonly transmitted 
by direct contact with a colonized or infected individual

(SHEA., 2023) 30
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Vancomycin-Resistant Enterococci (VRE) 

• Enterococci are bacteria that normally live in the gut 
and environment

• Decreased susceptibility to penicillin, ampicillin, and 
aminoglycosides

• High-level resistance to most cephalosporins and all 
semi-synthetic penicillin, and clindamycin 

• Risk factors for VRE infection include:
• Stays in long-term care hospitals or intensive care 

units (ICUs)
• Undergoing organ transplant or treatment for certain 

types of cancer
• People with history of surgical procedures
• Nearly all VRE infections happen in patients with 

healthcare exposures
• They rank 2nd in the USA, only after Staphylococci, in 

nosocomial infections, CLABSI, and hospital-
associated endocarditis

• NHSN: 80% of E. faecium = VRE, 7% of E. faecalis = 
VRE

(Mina, et al. 2024)
(Davis, et al. 2020)
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Routes of VRE Transmission

• VRE frequently colonize nursing facility residents
• Colonization associated with infection

• 8% will develop an infection <30 days
• Direct transmission directly from person to person 

(gastrointestinal tract or skin)
• Transmission can occur indirectly from environment 

to person
• VRE can survive for extended periods in the hospital 

environment: countertops, bedrails, telephone, 
stethoscope

• 46% of healthcare workers who touched bedrails 
and bedside tables in the rooms of colonized 
patients contaminated their gloves

• 11% rate of transmission to clean surfaces after 
contact with contaminated sites

• ICU rectal thermometer-linked, burn intensive care 
unit electrocardiogram lead-linked outbreaks

Epidemiological Measure   VR- E. faecium VR- E. faecalis
Prevalence (n=651)                21.0%               11.7%

Six Nursing Facilities in Southeastern Michigan

(Sharma et al., 2018)
(Davis et al., 2020)
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Carbapenem-Resistant 
Enterobacteriaceae (CRE) 

• Enterobacterales are Gram (-) bacteria and a normal part 
of the gut

• Klebsiella pneumonia, Escherichia coli, Enterobacter spp. 
• Carbapenem-resistant Enterobacterales (CRE) are 

resistant to many classes of antibiotics 
• Enzymes called carbapenemases make β-lactam 

antibiotics ineffective
• Klebsiella pneumoniae Carbapenemase (KPC)
• New Delhi Metallo-beta-lactamase (NDM)
• Verona Integron-encoded Metallo-beta-lactamase (VIM)
• Imipenemase Metallo-beta-lactamase (IMP)
• Oxacillinase-48-like beta-lactamase (OXA-48)

• Infections have high mortality rates (~40-50%) due to few 
therapeutic options available 

• CRE is associated with clusters and outbreaks in 
healthcare settings

• Resistance can be transferred between patients and 
between different species of bacteria via plasmids

(Gall & Long,, 2020)
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Routes of CRE Transmission

• Largely associated with nosocomial transmission
• Ventilator-associated pneumonia, central line-associated bloodstream infection, catheter-associated urinary 

tract infection
• CRE are predominantly transmitted directly through 

person-to-person contact in healthcare settings
• Transmission can also occur indirectly through 

contact with environmental fomites (contaminated 
with stool, body fluids)

• Risk factors for infection and/or colonization: 
• Prolonged inpatient stays 
• Patients in long-term care facilities 
• Those who received medical care in CRE-endemic 

regions (colonization)
• Intensive care unit (ICU)
• Poor functional status
• Underlying medical conditions
• Receipt of antibiotics

• Intestinal colonization is a risk factor for the development of systemic CRE infection (16.5%, higher in ICU patients)
• In endemic areas, colonization prevalence ranges from 3-7% or higher among ICU patients

(McConville, et. al., 2017)
(Gall and Long, 2020)

(CDC, n.d.)
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Carbapenemases

• Carbapenemases are enzymes found exclusively in Gram (-) 
that confer resistance to ALL β-lactams

• Penicillins, Cephalosporins, Aztreonam, Carbapenems 
(imipenem, meropenem, ertapenem)

• Molecular testing required to confirm presence/type
• Class A & D have a serine-based hydrolytic mechanism

• Most common are KPC, oxacillin (OXA), and Guiana-Extended-
Spectrum (GES) families

• Ceftazidime-avibactam exhibits activity against them
• Class B are metallo-β-lactamases 

• Most common are NDM, VIM, IMP
• Aztreonam is resistant to hydrolysis

• Plasmid and transposon mediated (mobile)

(https://www.biomerieux.com/nl/en/our-offer/clinical-products/rapidec-carba-np.html, n.d.)
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National Spread of Klebsiella 
Pneumoniae Carbapenemase

• KPC (+) bacteria found first in 
the U.S.

• Spread from two states in 
2001 to 49 states, DC, and PR 
in 16 years

• KPC is the most commonly 
identified carbapenemase in 
the U.S.
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Metallo-β Lactamases (MBLs)

• MBLs hydrolyze all currently available β-lactam 
antibiotics except monobactams (e.g., aztreonam)

• Plasmid associated MBLs are most clinically important
• Imipenemase (IMP), discovered in the 1990’s in Japan, 

now >85 sequence variants
• Verona integron-encoded metallo-β-lactamase (VIM), 

discovered in 1997 in PsA, now >69 variants
• New Delhi metallo-β-lactamase (NDM), discovered in 

2008 in Klebsiella and E. coli, now >29 variants

• MBL producers generally resistant to multiple 
aminoglycosides, fluoroquinolones, and other agents

• Only available β-lactam combination available is 
ceftazidime-avibactam + aztreonam 

(https://www.researchgate.net/figure/Global-distribution-of-acquired-MBLs_fig2_343081192, n.d.)

37

https://www.researchgate.net/figure/Global-distribution-of-acquired-MBLs_fig2_343081192


UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

Russo-Ukrainian War and MDRO 
Transmission Trends
MEDEVAC Operations from Ukraine (UKR), 
JUL 2023

https://erccportal.jrc.ec.europa.eu/ECHO-Products/Maps#/maps/4511

• Nearly genetically identical MDR K. pneumoniae detected among 
patients independently evacuated from UKR to German hospitals 
(including Landstuhl Regional Medical Center)

• These MDROs are closely related to isolates collected from 
Ukrainian hospitals in 2016-2017

• Isolates are generally more resistant than related bacteria from 
2016-2017
 K. pneumoniae, P. aeruginosa & A. baummanii evolve resistance 

through a combination of horizontally-acquired genes and 
chromosomal mutations that accelerate during treatment   

 Majority of these MDROs are resistant to ALL first-line antibiotics
• Emphasis on infection prevention & control is required to contain 

transmission within and outside of the military health system 
(MHS)

Klebsiella pneumoniae from patients throughout 
Europe (including LRMC), 2022-2023

38



UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

Outbreak Detection in the Military 
Healthcare System

Detecting HAIs
• MHS: world’s largest network 

benefiting from real-time surveillance
• Currently at 15 DoD and 1 VA hospitals
• State-of-the-art, automated, genome-

based technology: ~15,000 isolates/year
• Biobank of >130K bacterial isolates 
• 108 alerts of transmission events in 2023

Germany

Landstuhl

(MRSN, n,d,)
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MRSN Infrastructure & Workflow

Sensititre
or

Vitek2
(optional)

(https://medium.com/@kesiparker/productive-day-of-a-technical-writer-e63ec99cf008)

AST – Aspartate transferase
EDC – Electronic Data Capture
CAP – College of American Pathology
BI – Bioinformatics 
WRAIR – Walter Reed Army Institute of Research 40
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The Power of Whole Genome Sequencing

Pulse Field Gel Electrophoresis

gene1

gene4

gene5

gene7

gene6

gene3

gene2

Multilocus sequence typing (MLST) compares
7 housekeeping genes

cgMLST compares 
>3,000 core genes

=

Pulse Field Gel Electrophoresis counts “just the number of chapters” to determine relatedness, 
Whole Genome Sequence compares all the words in a book

(Grkraj.org, 2025)
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Sink Drains as Reservoirs of Bacterial 
Pathogens

(stock.adobe.com, n.d.)
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Hunting for MDROs in One MHS facility

The “Splash Zone”

Drain Treatments with Foaming Bleach

Savings:
$1.24 - $1.72M at 1 hospital

(MRSN, 2024)
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Prevention – Diagnostic Stewardship

(Claeys & Johnson, 2023) 44
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Polling Question #3

If you were to check urine cultures on young, healthy women with no signs 
or symptoms of UTI regularly for 6 months, what percent of them would 
have at least one positive urine culture? (single best answer)

a. 1-2%
b. 5-10%
c. 10-20%
d. 20-25%
e. 30-35%
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Prevention – Diagnostic Stewardship, continued

• Colonization is common
 Urine – 1.8 - 5.2% of premenopausal women

 One study checked urine cultures of young, health American women weekly x4 and then monthly x6 and 
found asymptomatic bacteriuria (ASB) at least once in 22%

 By age 80, 5 - 10% of men and 15 - 20% of women in community settings
 15 – 50% men and women in institutionalized settings

 C. difficile – toxigenic C. difficile in 15% of 259 patients without diarrhea screened on admission
 Lower extremity wound cultures – superficial swabs are only 49% sensitive 62% specific for infection

• The diagnostic cascade – once detected, often treated
 A Veterans Affairs study of 2225 patients with bacteriuria found 68% with asymptomatic bacteriuria 

and no systemic inflammatory response syndrome criteria received antibiotics
 In a study of 14,572 patients in Michigan, both antimicrobial stewardship and diagnostic stewardship 

strategies were used
 Patients with ASB treated with antibiotics declined from 29.1% to 17.1% (aOR, 0.94 per quarter; 95% CI, 

0.92-0.96)
 Percentage of patients with a positive urine culture who had ASB declined from 34.1% to 22.5% (aOR, 

0.95 per quarter; 95% CI, 0.93-0.97)
 Percentage of patients with ASB who received antibiotics remained stable, from 82.0% to 76.3% (aOR, 

0.97 per quarter; 95% CI, 0.94-1.01)
46
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The Antimicrobial Stewardship
Need

• Unnecessary antibiotics in 
ambulatory settings
 19% of all pediatric

 39% of pediatric pharyngitis
 36% of all adult

 44% of adult sinusitis
 72% of adult pharyngitis

 28% of all adult >64
 49% of adult >64 acute 

respiratory infections

(Hersh, King, Shapiro, Hicks & Fleming-Dutra, 2021) 
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Examples of Diagnostic Stewardship

• Asymptomatic bacteriuria
 Don’t culture without 

signs/symptoms of UTI
 Frequency, urgency, dysuria, or 

suprapubic pain

• Diabetic foot wounds
 Don’t culture without signs of 

infection
 Superficial wound swabs are not 

helpful and likely lead to antibiotic 
prescription regardless of whether 
infected or not

(Senneville et al. (2023)

*IWGDF - International Working Group on the Diabetic Foot
*IDSA - Infectious Diseases Society of America
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Antibiotic Stewardship – Narrow, short, 
communicated

• Use guideline-directed empiric treatments
 Upper respiratory infections (URIs)

 Leverage polymerase chain reaction (PCR) panels and avoid antibiotics for viral syndromes
 UTI first-line agents

 Use clinical assessment to avoid treating asymptomatic bacteriuria
 Avoid fluoroquinolone use

• Use guideline-directed durations
• Patient Communication

 URIs
 Antibiotics and viral illness

– Ineffective
– Potential side effects and resistance

 Symptom management
 Duration of illness

 Non-pharmacologic interventions for lower extremity wounds and UTIs
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Infection Prevention and Control

• Hand hygiene
• Personal protective equipment (PPE)
• Environmental cleaning and disinfection
• Communication of MDRO status
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Polling Question #4

There isn’t great data on hand hygiene compliance/utilization in outpatient 
settings, but based on a single study that used wireless monitoring of hand 
sanitizer dispensers, what do you think the compliance rate was for 
physicians using the dispensers at least once with each patient encounter?

a.   6%
b. 13%
c. 22%
d. 59%
e. 78%
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IPC Strategies in Outpatient Setting

• Hand hygiene

 When – WHO’s 5 Moments
 How – alcohol (preferred)

 Soap and water
 Patient hand hygiene as well

(Bredin et al. 2022)
(Glowicz et al. 2023) 
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IPC Strategies in Outpatient Setting, continued

• Always use standard precautions
 Especially appropriate PPE if expectation of possible exposure to an 

infectious material
 Follow guidelines for isolation precautions (CDC)

• Environmental cleaning
 Frequent disinfection of high-touch surfaces
 Correct (Environmental Protection Agency (EPA)-registered and CDC-

recommended) disinfectants
• Managing known MDRO colonized/infected

 Contact precautions if warranted
 Communicate MDRO status during transitions of care
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Key Takeaways

1. The problem and impact of MDR bacteria is increasing globally and including in the U.S.
2. Bacteria are constantly developing resistance to antibiotics through various mechanisms, some 

of which can even be passed to other species  
3. There are several key drivers of antibiotic resistance.  In healthcare, antibiotic and diagnostic 

stewardship is critical
4. The 5 most common MDR pathogens in the U.S. are MRSA, VRE, ESBL-producing 

Enterobacterales, CRE, and MDR-Pseudomonas aeruginosa
5. Screening for MDROs among DoD beneficiaries at risk for acquiring/becoming colonized with 

MDROs in endemic regions OCONUS protects other at-risk patients
6. The MHS maintains the most advanced hospital outbreak detection network and tools available 

to any healthcare system in the world 
7. Adherence to up-to-date infection prevention and control measures is essential to preventing the 

spread of MDR bacteria in the MHS

54



UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

References (1 of 6)

Arcilla, M. S., van Hattem, J. M., Haverkate, M. R., Bootsma, M. C. J., van Genderen, P. J. J., Goorhuis, A., Grobusch, M. P., Lashof, A. M. O., Molhoek, N., 

Schultsz, C., Stobberingh, E. E., Verbrugh, H. A., de Jong, M. D., Melles, D. C., & Penders, J. (2017). Import and spread of extended-spectrum β-

lactamase-producing Enterobacteriaceae by international travellers (COMBAT study): a prospective, multicentre cohort study. The Lancet. 

Infectious diseases, 17(1), 78–85. https://doi.org/10.1016/S1473-3099(16)30319-X

Arendrup, M. C., & Patterson, T. F. (2017). Multidrug-Resistant Candida: Epidemiology, Molecular Mechanisms, and Treatment. The Journal of 

infectious diseases, 216(suppl_3), S445–S451. https://doi.org/10.1093/infdis/jix131

Boyd, S.E., Livermore, D.M., Hooper, D.C., & Hope, W.W. (2020). Metallo-β-Lactamases: Structure, Function, Epidemiology, Treatment Options, and the 

Development Pipeline. Antimicrobial Agents and Chemotherapy, 64(10). https://doi.org/10.1128/AAC.00397-20 

Bredin, D., O'Doherty, D., Hannigan, A., & Kingston, L. (2022). Hand hygiene compliance by direct observation in physicians and nurses: a systematic 

review and meta-analysis. The Journal of hospital infection, 130, 20–33. https://doi.org/10.1016/j.jhin.2022.08.013 

Centers for Disease Control and Prevention. (2019). Antibiotic Resistance Threats in the United States. Atlanta GA: U.S> Department of Health and 

Human Services. https://www.cdc.gov/antimicrobial-resistance/media/pdfs/2019-ar-threats-report-508.pdf

Centers for Disease Control & Prevention. (n.d.) Carbapenem-Resistant Enterobacterales. https://arpsp.cdc.gov/profile/arln/cre#antimicrobial-

susceptibility-to-carbapenem-drugs

55

https://doi.org/10.1016/S1473-3099(16)30319-X
https://doi.org/10.1093/infdis/jix131
https://doi.org/10.1128/AAC.00397-20
https://www.cdc.gov/antimicrobial-resistance/media/pdfs/2019-ar-threats-report-508.pdf
https://arpsp.cdc.gov/profile/arln/cre#antimicrobial-susceptibility-to-carbapenem-drugs
https://arpsp.cdc.gov/profile/arln/cre#antimicrobial-susceptibility-to-carbapenem-drugs


UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

References (2 of 6)

Claeys, K.C. & Johnson, M.D. (2023). Leveraging diagnostic stewardship within antimicrobial stewardship programmes. Drugs in Context, 12:2022-9-5. 

https://doi.org/10.7573/dic.2022-9-5 

Falk, P. S., Winnike, J., Woodmansee, C., Desai, M., & Mayhall, C. G. (2000). Outbreak of vancomycin-resistant enterococci in a burn unit. Infection 

control and hospital epidemiology, 21(9), 575–582. https://doi.org/10.1086/501806 

Gall, E. & Long, A. (2020, Mar). Chapter 6 Carbapenem-Resistant Enterobacteriacea. In Hall, K.K. et al., Making Healthcare Safer III: A Critical Analysis 

of Existing and Emerging Patient Safety Practices. Agency for Healthcare Research and Quality. 

https://www.ncbi.nlm.nih.gov/books/NBK555512/ 

Glowicz, J. B., Landon, E., Sickbert-Bennett, E. E., Aiello, A. E., deKay, K., Hoffmann, K. K., Maragakis, L., Olmsted, R. N., Polgreen, P. M., Trexler, P. A., 

VanAmringe, M. A., Wood, A. R., Yokoe, D., & Ellingson, K. D. (2023). SHEA/IDSA/APIC Practice Recommendation: Strategies to prevent 

healthcare-associated infections through hand hygiene: 2022 Update. Infection control and hospital epidemiology, 44(3), 355–376. 

https://doi.org/10.1017/ice.2022.304 

Harris, A. D., McGregor, J. C., Perencevich, E. N., Furuno, J. P., Zhu, J., Peterson, D. E., & Finkelstein, J. (2006). The use and interpretation of quasi-

experimental studies in medical informatics. Journal of the American Medical Informatics Association : JAMIA, 13(1), 16–23. 

https://doi.org/10.1197/jamia.M1749

Harvard Medical School. (2017). The Evolution of Bavteria on a “Mega-Plate” Petri Dish (Kishony Lab) [Video]. Youtube. 

https://www.youtube.com/watch?v=plVk4NVIUh8 

56

https://doi.org/10.7573/dic.2022-9-5
https://doi.org/10.1086/501806
https://www.ncbi.nlm.nih.gov/books/NBK555512/
https://doi.org/10.1017/ice.2022.304
https://doi.org/10.1197/jamia.M1749
https://www.youtube.com/watch?v=plVk4NVIUh8


UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

References (3 of 6)

Hasanpour, A. H., Sepidarkish, M., Mollalo, A., Ardekani, A., Almukhtar, M., Mechaal, A., Hosseini, S. R., Bayani, M., Javanian, M., & Rostami, A. (2023). 

The global prevalence of methicillin-resistant Staphylococcus aureus colonization in residents of elderly care centers: a systematic review and 

meta-analysis. Antimicrobial resistance and infection control, 12(1), 4. https://doi.org/10.1186/s13756-023-01210-6 

Hersh, A.L., King, L.M., Shapiro, D.J., Hicks, L.A. & Fleming-Dutra, K.E. (2021). Unnecessary antibiotic prescribing in US ambulatory care settings, 2010-

2015. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, 72(1), 133–137. 

https://doi.org/10.1093/cid/ciaa667 

Kallen, A. (2018). CDC Vital Signs: Containing Unusual Resistance [PowerPoint slides]. Prevention and Response Branch Division of Healthcare Quality 

Promotion, Centers for Disease Control and Prevention. https://nihcm.org/assets/articles/kallen-041818.pdf

Levy, S. B., & Marshall, B. (2004). Antibacterial resistance worldwide: causes, challenges and responses. Nature medicine, 10(12 Suppl), S122–S129. 

https://doi.org/10.1038/nm1145

Livornese, L. L., Jr, Dias, S., Samel, C., Romanowski, B., Taylor, S., May, P., Pitsakis, P., Woods, G., Kaye, D., & Levison, M. E. (1992). Hospital-acquired 

infection with vancomycin-resistant Enterococcus faecium transmitted by electronic thermometers. Annals of internal medicine, 117(2), 112–

116. https://doi.org/10.7326/0003-4819-117-2-112 

57

https://doi.org/10.1186/s13756-023-01210-6
https://doi.org/10.1093/cid/ciaa667
https://doi.org/10.1038/nm1145
https://doi.org/10.7326/0003-4819-117-2-112


UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

References (4 of 6)

Magiorakos, A. P., Srinivasan, A., Carey, R. B., Carmeli, Y., Falagas, M. E., Giske, C. G., Harbarth, S., Hindler, J. F., Kahlmeter, G., Olsson-Liljequist, B., 

Paterson, D. L., Rice, L. B., Stelling, J., Struelens, M. J., Vatopoulos, A., Weber, J. T., & Monnet, D. L. (2012). Multidrug-resistant, extensively drug-

resistant and pandrug-resistant bacteria: an international expert proposal for interim standard definitions for acquired resistance. Clinical 

microbiology and infection : the official publication of the European Society of Clinical Microbiology and Infectious Diseases, 18(3), 268–281. 

https://doi.org/10.1111/j.1469-0691.2011.03570.x 

McConville, T. H., Sullivan, S. B., Gomez-Simmonds, A., Whittier, S., & Uhlemann, A. C. (2017). Carbapenem-resistant Enterobacteriaceae colonization 

(CRE) and subsequent risk of infection and 90-day mortality in critically ill patients, an observational study. PloS one, 12(10), e0186195. 

https://doi.org/10.1371/journal.pone.0186195 

McKinley, L., Becerra, B., Moriarty, H., Short, T. H., Hagle, M., Reymann, A., Valentine, S., Duster, M., Warrack, S., & Safdar, N. (2016). Vancomycin-

resistant Enterococcus co-colonization rates with methicillin-resistant Staphylococcus aureus and Clostridium difficile in critically ill veterans. 

American journal of infection control, 44(9), 1047–1049. https://doi.org/10.1016/j.ajic.2016.02.005

Mutuku, C., Gazdag, Z., & Melegh, S. (2022). Occurrence of antibiotics and bacterial resistance genes in wastewater: resistance mechanisms and 

antimicrobial resistance control approaches. World journal of microbiology & biotechnology, 38(9), 152. https://doi.org/10.1007/s11274-022-

03334-0

58

https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1371/journal.pone.0186195
https://doi.org/10.1016/j.ajic.2016.02.005
https://doi.org/10.1007/s11274-022-03334-0
https://doi.org/10.1007/s11274-022-03334-0


UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

References (5 of 6)

Neidell, M. J., Cohen, B., Furuya, Y., Hill, J., Jeon, C. Y., Glied, S., & Larson, E. L. (2012). Costs of healthcare- and community-associated infections with 

antimicrobial-resistant versus antimicrobial-susceptible organisms. Clinical infectious diseases : an official publication of the Infectious Diseases 

Society of America, 55(6), 807–815.

Reygaert W. C. (2018). An overview of the antimicrobial resistance mechanisms of bacteria. AIMS microbiology, 4(3), 482–501. 

https://doi.org/10.3934/microbiol.2018.3.482 

Senneville, É., Albalawi, Z., van Asten, S. A., Abbas, Z. G., Allison, G., Aragón-Sánchez, J., Embil, J. M., Lavery, L. A., Alhasan, M., Oz, O., Uçkay, I., 

Urbančič-Rovan, V., Xu, Z. R., & Peters, E. J. G. (2023). IWGDF/IDSA Guidelines on the Diagnosis and Treatment of Diabetes-related Foot 

Infections (IWGDF/IDSA 2023). Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciad527. 

Advance online publication. https://doi.org/10.1093/cid/ciad527 

The Society for Healthcare Epidemiology of America. (2023). Infection Control & Hospital Epidemiology. https://shea-online.org/infection-control-

hospital-epidemiology/  

Ventola C. L. (2015). The antibiotic resistance crisis: part 1: causes and threats. P & T : a peer-reviewed journal for formulary management, 40(4), 

277–283.

59

https://doi.org/10.3934/microbiol.2018.3.482
https://doi.org/10.1093/cid/ciad527
https://shea-online.org/infection-control-hospital-epidemiology/
https://shea-online.org/infection-control-hospital-epidemiology/


UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

References (6 of 6)

Weiner, L. M., Webb, A. K., Limbago, B., Dudeck, M. A., Patel, J., Kallen, A. J., Edwards, J. R., & Sievert, D. M. (2016). Antimicrobial-Resistant Pathogens 

Associated With Healthcare-Associated Infections: Summary of Data Reported to the National Healthcare Safety Network at the Centers for 

Disease Control and Prevention, 2011-2014. Infection control and hospital epidemiology, 37(11), 1288–1301. 

https://doi.org/10.1017/ice.2016.174

60

https://doi.org/10.1017/ice.2016.174


UNCLASSIFIED

UNCLASSIFIED

Improving Health and Building Readiness. Anytime, Anywhere — Always

Thank you!
Questions?
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How to Obtain CE/CME Credits

2025 JUNE CCSS: Evidence-Based Approaches for Advancing Excellence in Primary Care
Credits are awarded by session. To claim CE/CME credit or certificate of attendance for the session(s) you attend, 
you must register by 4:00 p.m. ET on June 6, and then you must complete the course evaluation and posttest for 
each session by 11:59 p.m. ET on Thursday, June 19, 2025. 

1. Visit the main event page at https://www.dhaj7-cepo.com/content/2025-jun-ccss to register for the 
live event or to log in to your account if already registered.

2. On the main event page, select the “Get Started” tab (located in the menu below the event title on the 
desktop and at the bottom of the page on mobile devices). Note: This tab will not appear unless you 
are registered and logged in to your account.

3. Under the “Get Started” tab, scroll down to a session you attended and select “Claim credit.”
4. Proceed to take the evaluation and posttest to obtain your certificate after the session has ended.

All completed courses and certificates are available in your account. Refer to your Pending Activities for sessions 
you have yet to complete. You must complete the required course items by Thursday, June 19 to receive credit.

Questions? Email DHA, J-7, CEPO at dha.ncr.j7.mbx.cepo-cms-support@health.mil. 
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