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Although HIV remains a pervasive 
epidemic, there have been tremendous 

advancements and progress in HIV 
prevention, and the work continues.
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Climate change has raised the global 
temperature more than 1 °C from 
preindustrial times, resulting in 

increased extreme weather including heat 
waves, flooding, and droughts. It has also 
changed ecosystems, leading to food and 

Carbapenem-resistant Enterobacterales 
(CRE) are a major cause of attrib-
utable death worldwide.1 In the 

United States, CRE infections are respon-
sible for over 13,000 hospitalizations and 
1100 deaths annually.2 The vast majority 

The 2020 vancomycin dosing guide-
line for severe methicillin-resistant 
Staphylococcus aureus (MRSA) infec-

tions recommends targeting an area under 
the curve (AUC) to minimum inhibitory 
concentration ratio of 400 mg/L or greater 

PART I. ENDING THE HIV EPIDEMIC 
The Centers for Disease Control and Prevention’s 
(CDC) initiative of Ending the HIV Epidemic (EHE) 
in the United States is an audacious action plan 
with a goal of reducing 75% and 90% of new HIV 
infections by 2025 and 2030, respectively. Targeting 
focused efforts on HIV prevention, treatment, and 
comprehensive care is a formidable—but not 
insurmountable—task, even for the lionhearted.1 

CURRENT STATUS
Globally, at the end of 2021, the number of 
people with HIV (PWH) was over 38 million.2 
In the United States (and 6 dependent areas), 
approximately 1.2 million individuals were 
estimated to be living with HIV by the end of 
2019.3 Approximately 13% of these individuals 
were unaware of their HIV diagnosis, which 
highlights the importance of HIV testing.3 The 

After Hours™: Boosting Brain Health 
Through Music

(continued on page 24)

In the News
Primary Care Was Top 
Telehealth Use for 
Federal Health Programs 
in First Year of Pandemic

(continued on page 24)

In the Literature
Safety of Cefazolin Has 
Been Underestimated  
for GBS Prophylaxis 
During Labor

(continued on page 5) bennymarty / Adobe stockAlexey Novikov / Adobe stock



Contagion®  •   February 2022 

WENDY M. BAMBERG, MD  
Medical Epidemiology Consulting
Denver, Colorado 

BRANDON BOOKSTAVER, PHARMD, 
FCCP, FIDSA, BCPS, AAHIVP 
College of Pharmacy
University of South Carolina

ROBERT BRANSFIELD, MD,  
DLFAPA
Robert Wood Johnson  
Medical School
Rutgers University

MARTA CAVALCANTI, MD, PHD
Hospital Universitario  
Clementino Fraga Filho Department  
of Immunology 
Universidade Federal do  
Rio de Janeiro

KELLY CAWCUTT, MD, MS, FACP, 
FIDSA †
Infectious Diseases & Critical Care 
Medicine
University of Nebraska Medical Center
Omaha, Nebraska

CARLOS DEL RIO, MD
Emory Vaccine Center
Emory Center for AIDS Research
Atlanta, Georgia

DAVID VAN DUIN, MD, PHD
University of North Carolina  
School of Medicine
Chapel Hill, North Carolina

KHALID ELJAALY, PHARMD,  
BCPS, CAPPS 
College of Pharmacy
The University of Arizona
Tucson, Arizona

DEBRA A. GOFF, PHARMD,  
FCCP   
The Ohio State University Wexner 
Medical Center
Columbus, Ohio 

JEAN PAUL J. GONZALEZ,  
MD, PHD
Center of Excellence for Emerging   
& Zoonotic Animal Disease
Kansas State University

ALAN GROSS, PHARMD,  
BCPS-AQID 
College of Pharmacy
University of Illinois at Chicago
Chicago, Illinois

EMILY HEIL, PHARMD,  
BCPS-AQ ID, BCIDP 
School of Pharmacy
University of Maryland
Baltimore, Maryland

KIRK HEVENER, PHARMD, PHD 
College of Pharmacy
University of Tennessee
Memphis, Tennessee

EDMOND A. HOOKER, MD, DRPH
Xavier University
Cincinnati, Ohio

KENGO INAGAKI, MD
University of Michigan
Ann Arbor, Michigan

NORMAN B. JAVITT, MD, PHD
NYU School of Medicine
New York, New York

MEGHAN JEFFRES, PHARMD 
Skaggs School of Pharmacy and 
Pharmaceutical Sciences
University of Colorado

LEAH JOHNSON, PHD
RTI International
Research Triangle Park
North Carolina

JULIE ANN JUSTO, PHARMD, MS, BCPS-
AQ ID 
University of South Carolina College of 
Pharmacy
Columbia, South Carolina

KEITH S. KAYE, MD, MPH  
Division of Infectious Diseases
University of Michigan  
Medical School
Ann Arbor, Michigan

MADELINE KING, PHARMD, BCIDP 
Cooper Hospital
Camden, New Jersey

JAMES S. LEWIS, PHARMD, FIDSA 
Oregon Health and Science University 
Portland, Oregon

CONAN MACDOUGALL, PHARMD, MAS, 
BCPS, BCIDP  
University of California 
–San Francisco
San Francisco, California

MONICA V. MAHONEY, PHARMD, BCPS, 
BCIDP, FCCP †
Beth Israel Deaconess  
Medical Center
Boston, Massachusetts

BRIONNA MATT, DO †
Infectious Disease Physician
Temple University Hospital
Philadelphia, Pennsylvania

CHRISTOPHER MCCOY, PHARMD, BCPS-
AQ ID, BCIDP 
Beth Israel Deaconess  
Medical Center
Boston, Massachusetts

JOHN MOHR, PHARMD 
Medical Affairs Strategic Solutions
Acton, Massachusetts
Medical Affairs
scPharmaceuticals
Lexington, Massachusetts

MICHAEL NAILOR, PHARMD,  
BCPS-AQ ID 
School of Pharmacy
University of Connecticut
Storrs, Connecticut

NEHA SHETH PANDIT, PHARMD, 
AAHIVP, BCPS †   
Department of Pharmacy Practice and 
Science
University of Maryland

PAYAL K. PATEL, MD, MPH
Institute for Healthcare Policy  
& Innovation
University of Michigan
Ann Arbor, Michigan

ELIZABETH PHILLIPS, MD,  
FRCPC, FRACP
Vanderbilt University Medical Center 
Nashville, Tennessee

JASON POGUE, PHARMD,  
BCPS, BCIDP 
University of Michigan College of 
Pharmacy Ann Arbor, Michigan

SASKIA V. POPESCU, PhD, MPH,  
MA, CIC †
George Mason University  

MICHAEL J. RYBAK, PHARMD,  
MPH, PHD    
Anti-Infective Research Laboratory
Eugene Applebaum College of Pharmacy 
& Health Sciences
Wayne State University

CASSANDRA D. SALGADO,  
MD, MS
Department of Internal Medicine
Medical University of South Carolina
Charleston, South Carolina

PAUL E. SAX, MD
Brigham and Women’s Hospital
Harvard Medical School
Boston, Massachusetts

RODNEY E. ROHDE, PHD, SV/SM/
MB(ASCP)CM, FACSC 

Texas State University
San Marcos, Texas

ADRIANO DE BERNARDI  
SCHNEIDER, PHD
Postdoctoral Scholar
Department of Medicine
University of California, San Diego

SARA SCHULTZ, MD, FACP  
Division of Infectious Diseases  
& HIV Medicine
Drexel College of Medicine
Philadelphia, Pennsylvania

OTTO SCHWAKE, PHD
Department of Civil and Environmental 
Engineering
Virginia Tech
Blacksburg, Virginia

DAVID A. SCHWARTZ, MD,  
MS HYG, FCAP
Medical College of Georgia
Augusta University
Augusta, Georgia
 
 
 

EDWARD J. SEPTIMUS, MD, FIDSA,  
FACP, FSHEA  
Department of Population Medicine
Harvard Medical School

RYAN K. SHIELDS, PHARMD,  
MS   †  
Department of Medicine
University of Pittsburgh
Pittsburgh, Pennsylvania

SHMUEL SHOHAM, MD
Transplant and Oncology Infectious 
Diseases Program
Johns Hopkins University School of 
Medicine, Baltimore, Maryland

KATHLEEN SQUIRES, MD
Merck Research Laboratories
Philadelphia, Pennsylvania

AUDREY STEVENSON, PHD, MPH, MSN, 
FNP-BC
Salt Lake County Health Department Salt 
Lake City, Utah

GLENN TILLOTSON, PHD, FIDSA  
Consultant Microbiologist
Henrico, Virginia

PEDRO FERNANDO DA COSTA 
VASCONCELOS, MD, PHD
WHO Collaborating Center for Arbovirus 
and Research
Instituto Evandro Chagas
Ananindeua, Brazil

JOSE A. VAZQUEZ, MD, FACP, FIDSA
Division of Infectious Diseases
Medical College of Georgia at Augusta 
University

JAMIE WAGNER, PHARMD, BCPS,  
BCIDP   †  
University of Mississippi School of 
Pharmacy
Jackson, Mississippi 

CARMEN ZORRILLA, MD
School of Medicine
University of Puerto Rico
San Juan, Puerto Rico

  Active member of the Society of Infectious Diseases Pharmacists (SIDP) 

   Active member of MAD-ID (Making a Difference in Infectious Diseases)

†  Contagion® Section Editor 

Advocacy and Research Foundation Partners

Ed i tor ia l  Board



Table of Contents • February 2023 • V.8 • N.1

HIV/AIDS

Ending the HIV Epidemic: What Is Past 
Is Not Prologue
by Jessica Tuan, MD, MS, AAHIVS

■  IN THE LITERATURE

4  Linezolid Coadministration With 
Medications for Opioid Use Disorder: 
A Serotonin Toxicity Tightrope?
Tiana Patriarca, PharmD candidate; and 
Catherine Li, PharmD, BCIDP 

5  Safety of Cefazolin  Has Been 
Underestimated for GBS  
Prophylaxis During Labor
Bo Ram Keum, PharmD candidate; and  
Monica Mahoney, PharmD, BCIDP, FCCP 

■  NEWS AND BREAKTHROUGHS

6  Restoring Hope by Restoring Gut Flora: 
Rebyota and the Future of Combating 
Recurrent CDI
Sara Groome, PharmD, BCIDP 

■ ACUTE INFECTIONS

8   Climate Change Effects on Vector-Borne 
Disease: The Case of Lyme
Tess Wiskel, MD; Hawra Al Lawati, MD; and  
Kimberly Humphrey, MBBS, MPH

■ EMERGING & REEMERGING INFECTIONS

10   Health Equity and the Impact on 
Infectious Disease 
Rebecca Leach, MPH, BSN, RN, CIC

■  MULTIDRUG-RESISTANT INFECTIONS

16   Is There a Preferred β-Lactam/ 
β-Lactamase Inhibitor Agent 
for Treatment of KPC-Producing 
Enterobacterales Infection? 
Ryan K. Shields, PharmD, MS    

■  STEWARDSHIP & PREVENTION

18  So You Made the Decision to 
Implement Vancomycin AUC  
Dosing. Now What?
Alison L. Blackman, PharmD, BCIDP ; Matthew 
Girgis, PharmD, BCIDP ; and Karrine D. Brade, 
PharmD, BCPS AQ-ID, BCIDP

■   PEER EXCHANGE

20  Effects of SARS-CoV-2 Subvariants on 
Vaccine Uptake and Patient Education
Gina Battaglia, PhD

■   CASE STUDY

22  Final Diagnosis: Donor-Derived 
Staphylococcus lugdunensis 
Endocarditis of Transplanted Heart  
Hugh Davis, MD; and James Donovan, MD

■   IN THE NEWS

24  Primary Care Was Top Telehealth  
Use for Federal Health Programs  
in First Year of Pandemic
Richard Payerchin

2023 Will Add New 
Health Challenges 
to Existing Ones

With word that newer SARS-CoV-2 variants are 
circulating here in the United States and interna-
tionally, concern is arising that the virus seemingly 
won’t disappear. Public health officials have warned 
of a potential increase in cases, especially after the 
recent holidays and people getting together with 
family and friends. Vigilance in the face of COVID-19 
fatigue remains an obstacle for clinicians and public 
health officials. 

Along with the variants, last year saw the increase in 
incidence rates of respiratory syncytial virus as well as 
the emergence of mpox (monkey pox), which demon-
strated how quickly viruses can reappear. The old can 
come with ongoing issues, whether those be antimi-
crobial resistance or hard-to-treat cases that have 
limited or no treatment options.  

Nevertheless, as 2022 drew to a close, a couple of FDA 
approvals brought considerable optimism to clinicians. 
Specifically, the approvals of lenacapavir and RBX2660 
provide treatment options for multidrug-resistant HIV 
and recurrent Clostridioides difficile, respectively.

With 2023 here, we hope this year will be quieter 
regarding reemerging viruses and that the develop-
ment of therapies, products, and technologies will 
remain at the forefront of our discussions and where 
the news takes us.  

As we were going to press, the FDA was looking to 
change the COVID-19 vaccination schedule to an annual 
vaccine, much like the influenza vaccine provided every 
fall. This will change not only the public's perception 
of the virus, but it will also have bigger public health 
consequences. Stay tuned for our coverage on this 
important subject! 

Mike Hennessy Jr
President and CEO
MJH Life Sciences®
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It Adapts to Us, We Adapt to It: 
Living With the Ever-Changing SARS-CoV-2 

A new year has begun, and with it attention is shining on new 
SARS-CoV-2 variants…again. The media has run with headlines of “Most 
Immune-Evasive Variant Yet,” as they have done repeatedly with so many 
other variants that became dominant. As a clinician, it prompts me to 
reexamine the utility of our therapies and ensure that treatment of 
COVID-19 has not substantially changed. But as a citizen, I have to admit: 
I have had my fill. I change the channel, close the news website, or turn 
the page. 

Viruses change. Our immune system adapts to counteract them. Then they change again, 
and our immune system adapts again. This dance—or war—has been going on not merely 
since humans first began walking on the earth, but for much longer. Humans are not the 
primary host of most viruses—bacteria are. As noncellular particles dependent on a host 
cell for replication, viruses must change to continue to exist. And in which direction do they 
change? They change toward variants that evade current immunity. According to the Centers 
for Disease Control and Prevention, US variants since October 2022 show this dramatically, 
as BA.5 went from dominating in October to losing ground quickly to BQ.1.1/BQ.1 to being 
dominated by XBB.1.5 in early 2023. 

The situation has never been as closely watched with any virus as it has with SARS-CoV-2. 
The history of the pathogen has unfolded in real time over the past 3-plus years, with more 
information about the virus and COVID-19 disease coming at the public, scientists, and clini-
cians every day. The need for actionable information in the beginning was immense, leading 
to rapid-fire therapeutic ideas without sufficient supporting information. It also led to hot 
takes by new personalities who rose to fill the data vacuum with proclamations of knowl-
edge that did not exist. Some who received the most attention were those who shouted the 
loudest about our certain doom, proclaimed the pandemic’s end between waves, or ridiculed 
people doing their best to stay calm while navigating a confusing world. All were fatiguing.

This adds up to a picture that is difficult to process intellectually. My attempt to do so boils 
down to acceptance. SARS-CoV-2 is a virus that is here to stay. Its disease, COVID-19, will not 
have the same effect on society that it has had thus far, but will enter medical textbooks as a 
respiratory virus that causes severe disease in some people. Up-to-date vaccination efforts 
will remain crucial, and vaccines for COVID-19 will continue to be developed and modified on 
a schedule that we cannot yet know. Hopefully one that provides broad mucosal immunity 
will be developed soon. 

Viruses change and adapt. We have to live with each other.

Jason C. Gallagher,  

PharmD, FCCP, FIDP, FIDSA, BCPS 
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Linezolid Coadministration With Medications  
for Opioid Use Disorder: A Serotonin Toxicity Tightrope?
by TIANA PATRIARCA, PHARMD CANDIDATE; and CATHERINE LI, PHARMD, BCIDP 

Linezolid is an oxazolidinone antibiotic 
with activity against gram-positive 
bacteria including methicillin-resistant 

Staphylococcus aureus (MRSA) and vanco-
mycin-resistant Enterococcus. Its pharma-
cokinetic advantages include virtually 100% 
oral bioavailability and wide tissue distri-
bution.1 However, use may be limited by 
adverse effects including myelosuppression, 
peripheral neuropathy, lactic acidosis, and 
serotonin syndrome.2

As a nonselective monoamine oxidase 
inhibitor, linezolid has the potential to 
precipitate serotonin syndrome, a severe 
condition characterized by altered mental 
status, autonomic dysfunction, and neuro-
muscular excitation.3 Although package 
labeling and FDA recommendations support 
discontinuation of concomitant seroto-
nergic medications before the initiation of 
linezolid,2,4 clinical practice is varied. 

Persons who inject drugs (PWID) may be 
at risk for serotonergic drug interactions if 
they are receiving medications for opioid use 
disorder (MOUD), specifically methadone 
and buprenorphine. In vitro pharmacoki-
netic data and retrospective reports suggest 
methadone is a likely serotonergic agent with 
a low to intermediate risk for serotonin 
syndrome due to its high lipophilicity and 
large tissue distribution.5,6 In contrast, there 
appears to be limited association between 
serotonin syndrome and buprenorphine.5,6

Traver et al conducted a single-center 
retrospective cross-sectional analysis to 
characterize the incidence of serotonin 
syndrome and identify contributing 
risk factors with combined MOUD and 
linezolid use. The study included hospital-
ized adult patients who received linezolid 
within 24 hours of buprenorphine and/
or methadone. Cases with documented 
concern for serotonin toxicity in the 
medical record were independently adju-
dicated by 2 physicians and classified as 
“noncases,” “possible” cases, or “definite” 
cases of serotonin syndrome. The Hunter 
criteria, an established diagnostic method 
for serotonin syndrome, was applied retro-
spectively to possible and definite cases. 
Outcomes included the average doses of 
MOUDs administered, duration of concur-
rent administration of linezolid and MOUD, 
and the number of additional serotonergic 

agents. The IQR method of outlier detection 
was applied to compare cases with noncases.

The study included 494 unique encoun-
ters comprising 383 unique patients, with 
an average hospital admission length of 
15.7 days. Zero definite cases and 2 possible 
cases of serotonin syndrome were identi-
fied (0.40% of encounters; upper 1-sided 
95% CI, 0.87%). Both possible cases were 
part of the prolonged overlap subgroup 
(> 3 days; 1.89% of subgroup encounters; 
1-sided 95% CI, 4.06%), and both involved 
the use of methadone with linezolid for 
long periods (Table). In case 1, a patient 
receiving linezolid, methadone, and trazo-
done developed tachycardia, hyperreflexia, 
and ankle clonus. Of note, methadone was 
discontinued 7 days before onset of poten-
tial toxicity, and symptoms resolved after the 
discontinuation of trazodone. In case 2, a 
patient receiving linezolid, methadone, and 
bupropion experienced encephalopathy and 
tremor, which resolved following discontin-
uation of linezolid and methadone.

Limitations of this study include the 
analysis of only inpatient data; linezolid 
is often used as an oral therapy in the 
outpatient setting and further informa-
tion about longer-term outpatient use is 
warranted. Additionally, diagnosis of sero-
tonin syndrome relied on clinician identi-
fication and documentation, which can be 
challenging in the absence of a prospective 
diagnostic protocol.7   

Consistent with previous literature, the 
described incidence of serotonin toxicity 
with linezolid and methadone is low, particu-
larly when coadministered for durations less 

than 3 days, supporting the safety of tempo-
rary linezolid use such as when a patient 
loses intravenous access. The risk may be 
increased with a longer duration of overlap 
and an increased number of additional sero-
tonergic agents. The dose of methadone did 
not appear to correlate; however, further 
research is needed. Buprenorphine continues 
to demonstrate an even lower risk. 

MRSA infections in patients with opioid 
use disorder may involve complications such 
as endocarditis and osteomyelitis, necessi-
tating several weeks of antibiotic therapy.8 

Although increasing literature demonstrates 
the success and safety of outpatient paren-
teral antimicrobial therapy in select PWID, 
oral antibiotics remain an important option 
for many patients.9 Recently, organizations 
including the American Heart Association 
have highlighted the importance of an inter-
disciplinary approach to the treatment of 
infectious diseases in patients with opioid 
use disorder, including the prioritization of 
MOUD and harm reduction strategies.10 The 
findings from this study add to our under-
standing of the risks associated with linezolid 
and further the dialogue of optimizing antimi-
crobial therapy in this patient population. 

References are available at 
ContagionLive.com.
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Traver EC, Heil EL, Schmalzle SA. A cross-sectional 
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TABLE. Characteristics of Cases of Possible Serotonin Toxicity Compared  
With Noncases in Patients Receiving Overlap of Linezolid With Methadone  
and/or Buprenorphine

Case 1 Case 2 Noncases (n = 492) Noncases with overlap  
≥ 3 days (n = 104) 

Days of overlap 48.5 8.0 Mean: 1.9
Upper bound*: 5.8

Mean: 5.4
Upper bound*: 10.9 

Average methadone dose 12.7 
mg

7.0 mg Mean: 41.0 mg
Upper bound: NR

Mean: 42.4 mg
Upper bound: NR

Average buprenorphine 
dose

N/A N/A Mean: 7.9 mg
Upper bound*: 13.3 
mg

Mean: 7.9 mg
Upper bound*: 12.7 mg

Number of other 
serotonergic medications 

3 3 Mean: 0.9
Upper bound*: 2.5

Mean: 1.4
Upper bound*: 5.0

  
N/A, not applicable; NR, not reported. 
*Upper bound: calculated as [3rd quartile + IQR ×1.5]
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Group B Streptococcus (GBS) is a  cata-
lase-negative, gram-positive coccus 
that can cause many types of infec-

tions in humans. GBS is the most common 
cause of bacteremia, sepsis, pneumonia, 
and meningitis in newborns, with a 4% to 
6% mortality rate. According to the Centers 
for Disease Control and Prevention (CDC), 
newborns are at higher risk for GBS infection 
if the mother carries the bacteria late in preg-
nancy. Thus, if pregnant women test positive 
on GBS screening, they receive intravenous 
(IV) antibiotics while giving birth to prevent 
vertical transmission of GBS to their newborn.

The American Society for Microbiology 
provides antimicrobial prophylaxis against 
GBS based on the pregnant woman’s allergic 
diagnosis or history.1 Penicillin is recom-
mended in patients with no penicillin allergy. 
For patients with penicillin allergies without a 
history of severe IgE-mediated hypersensitivity 
reactions, cefazolin is recommended instead 
of penicillin. For patients with a history of 
severe IgE-mediated hypersensitivity reactions, 
susceptibility testing of the GBS should guide 
prophylaxis. If susceptible, clindamycin would 
be appropriate intrapartum prophylaxis; other-
wise, vancomycin should be administered. If 
susceptibility results are not available, vanco-
mycin could be used. Even with the existence 
of these guidelines, inappropriate prophylaxis 
has been reported.

Pineles et al completed a retrospective 
observational cohort study to investigate 
national patterns of antibiotic use for GBS 
prophylaxis in patients with a penicillin 
allergy between academic and nonacademic 
centers. Furthermore, they also investigated 
appropriateness and adherence to current 
guidelines in patients with penicillin allergies. 
The inclusion criteria for the study population 
were women aged between 15 and 45 years, 
with a diagnosis of GBS infection/colonization 
and penicillin allergy, who gave birth vaginally 
between the late second trimester and full term 
(24-42 weeks of gestation). Any antibiotic use 
for indications other than GBS prophylaxis 
was excluded. 

The researchers calculated the ideal rate of 
each antibiotic used based on literature esti-
mates for patients with self-reported severe 
IgE-mediated hypersensitivity reactions to 
penicillin and compared how each hospital 
type actually administered antibiotics for 

GBS prophylaxis (Table). The authors esti-
mated that in patients with a penicillin allergy, 
expected cefazolin use would be in 69.3% to 
75.0% of patients, clindamycin use in 15.0% to 
26.1%, and vancomycin use in 3.8% to 12.3%. 
However, those numbers are significantly 
different from actual use. In general, cefazolin 
use was remarkably lower than expected in 
both academic and nonacademic hospitals. 
Clindamycin use fell into the range of the 
expected in academic hospitals, but it was 
slightly overused in nonacademic hospitals. 
It is also notable that actual vancomycin use 
in both academic and nonacademic hospitals 
was 3 times higher than the upper limit of 
expected use. Moreover, although guidelines 
recommend that all pregnant women with 
GBS receive antibiotic prophylaxis during 
labor, 12.2% of patients in nonacademic 

hospitals and 15.2% of patients in academic 
hospitals were not treated with any antibiotics. 
These data demonstrate that there is room 
for improvement in providing prophylaxis 
for penicillin-allergic pregnant women with 
GBS. Both undertreatment—prophylaxis that 
should have been administered but was not—
and overtreatment—use of broad agents such 
as vancomycin—were common.  

References are available at 
ContagionLive.com.
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TABLE. Prophylactic Anti–Group B Streptococcus Antibiotic Use in Pregnant 
Penicillin-Allergic Patients

Antibiotics used Expected or ideal (%) Academic hospitals 
(%) (n = 2518)

Nonacademic hospitals 
(%) (n = 2361)

No treatment 0 15.2 12.2 

Penicillin or 
ampicillin

0 5.4 3.3

Cefazolin 69.3-75.0 25.1 21.1

Clindamycin 15.0-26.1 17.7 28.8

Vancomycin 3.8-12.3 36.5 33.8
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C  lostridioides difficile infection (CDI), 
both initial and recurrent episodes 
of infection, is debilitating to those 

affected by it. After initial infection, as 
many as 20% to 25% of patients expe-
rience recurrent infection,1-3 which is 
defined as another episode of infection 
within 2 to 8 weeks after the initial 
episode.4,5 After an initial recurrent 
episode, the risk of subsequent recurrent 
CDI episodes remains, and these episodes 
may vary in severity.6 Ultimately, recur-
rent CDIs can lead to complications that 
may require hospital readmission, surgical 
management, and increased costs to both 
the health care system and to the affected 
patients—as well as to mortality.6-9 

Current recommendations for the 
management of recurrent CDI are limited 
due to a lack of alternative therapies.4,5 
Preventing CDI recurrence is crucial and 
has become an outcome of interest in 
clinical research for newer agents active 
against CDI.2,10-12 However, recurrent 
infection after antimicrobial therapy for 
both initial and recurrent CDI still affects 
patients and has led to the investigational 
use of alternative therapies such as fecal 
microbiota transplantation (FMT). 

FMT involves using stool samples from 
healthy donors to hopefully replace the 
gastrointestinal microbiota makeup of the 
patient affected by recurrent CDI.13 It is 
available in a variety of delivery methods, 
including oral capsules, rectal enemas, 
and slurries delivered via colonoscopy.14 
FMT is listed as a recommended thera-
peutic option in national CDI guidelines, 
typically for those who have experienced 
numerous episodes of recurrent infection 
after trialing (and failing) other recom-
mended therapies.4,5 

FMT has shown promise in terms of 
preventing recurrent episodes of infection, 
and it is evident that fecal microbiota–
based remedies are the future of treating 
CDI.15, 16 Manipulating the gastrointestinal 
microbiota makeup of those affected 
by CDI has led to an ever-expanding 
pipeline of potential microbiota-based 

remedies for CDI—and now a first-ever 
FDA-approved therapy. 

Fecal microbiota, live-jslm (Rebyota) is 
the first formulation of fecal microbiota 
from human donors to be approved by the 
FDA.17 It was approved on November 30, 
2022, for the prevention of recurrent CDI 
in adults aged 18 years and older after 
receiving antibiotic therapy for recurrent 
infection. It is administered as a 150-mL 
suspension via a rectal enema and done 
as an outpatient in a provider’s office 
within 24 to 72 hours of completion of 
an antibiotic course for the recurrent 
CDI episode.18 

The purpose of fecal microbiota, live-
jslm, as with FMT, is to restore the 
gastrointestinal flora makeup that was 
decimated by prior antibiotic use for the 
treatment of CDI to mitigate overgrowth 
of C difficile and ultimately prevent future 

infection. Significant advances have been 
made with the approval of fecal micro-
biota, live-jslm because safety standards 
have now taken precedence with the use 
of fecal microbiota products in humans. 
In fact, just prior to the approval of fecal 
microbiota, live-jslm, the FDA released a 
finalized guidance document related to its 
enforcement of the investigational new 
drug requirements for the use of FMT 
to treat CDI when FMT products are 
not obtained from a stool bank.19 Given 
the known risks of infection after FMT,20 
the enforcement of these safety standards 
going forward will improve patient care.  

The approval of fecal microbiota, live-
jslm was contingent on the FDA’s Vaccines 
and Related Biological Products Advisory 
Committee’s review of 6 studies, with the 
efficacy data stemming from a combined 
analysis of a phase 2b and phase 3 study. The 
phase 3 PUNCHCD3 trial (NCT03244644), 
which was a randomized, double-blind, 
placebo-controlled study, incorporated 
outcomes data from a prior phase 2b 
study so that investigators could perform 
a Bayesian analysis to model estimates of 
treatment success—the primary outcome—
and overall product efficacy. This method 
of outcome analysis was pursued because 
of challenges with patient enrollment and 
was recommended by the FDA. 

The patient population used for the 
primary outcome analysis consisted of 
modified intention-to-treat populations 
from the phase 2b and 3 studies—defined 
as all patients who completed treatment 
and did not discontinue the trial within 
the first 8 weeks for reasons unrelated to 
CDI. Treatment success was defined as 
absence of CDI-associated diarrhea within 
8 weeks of receipt of randomized treat-
ment. The study enrolled patients 18 years 
and older with documented recurrent CDI 
who completed a course of standard-of-
care antibiotics or had 2 or more episodes 
of severe CDI that resulted in hospitaliza-
tion within the past year. Interestingly, 
an open-label portion of the study was 
reserved for those who did not respond 

Restoring Hope by Restoring Gut Flora: 
Rebyota and the Future of Combating Recurrent CDI
The FDA reviewed the biologics license application for the agent at the Vaccines and Related Biological Products 
Advisory Committee meeting in September 2022 and gave it the green light in November—making it the first fecal 
microbiota–based biologic agent approved by the agency. 
by SARA GROOME, PHARMD, BCIDP 
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to assigned blinded therapy within 
the first 8 weeks, enabling patients 
to receive open-label study drug.21 

A total of 289 patients were 
randomly assigned in a 2:1 fashion 
to the study drug and a placebo, 
respectively. Overall, 267 patients 
received their allocated treatment, 
with 180 patients receiving the 
study drug and 87 the placebo. 
Most patients (n = 235; 88%) had 
received vancomycin for recur-
rent CDIs prior to study enroll-
ment. Only 17 (6.4%) patients had 
received fidaxomicin. Those who 
had received bezlotoxumab as part 
of a treatment regimen for recur-
rent CDI were excluded from study 
enrollment. Notably, 170 patients 
(63.7%) had experienced 3 or 
fewer recurrent CDI episodes. The 
study authors noted that roughly 
one-third of the patients enrolled 
had previously experienced only 1 
recurrent episode of CDI.21

Treatment success was estimated 
to be 70.6% with the study drug vs 
57.5% with placebo. This resulted in 
a treatment difference of 13.1% and 
posterior probability of superiority 
of 0.991, which exceeded a predeter-
mined threshold (> 0.975), indicating 
potential statistical significance, 
according to the authors. Of note, 
65 patients received a second dose 
of open-label study drug after 
treatment failure was confirmed; 
41 of these patients were from the 
study drug cohort itself. In terms 
of safety data, the study drug was 
well tolerated overall, with most 
adverse effects being gastrointes-
tinal related.21 

There are certainly limitations 
with fecal microbiota, live-jslm that 
warrant cautious optimism. First, 
data are lacking for those who 
are immunocompromised because 
this population was excluded from 
study enrollment. There may be 
reservations with using an agent 
like fecal microbiota, live-jslm in 
this high-risk population because 
the FDA-approved agent bezlo-
toxumab indicated for secondary 
CDI prevention could be trialed 
first.12,22 Future trials comparing 
the 2 agents, in conjunction with 
standard-of-care antimicrobials, 
would be beneficial to conduct. 
In addition, although the route of 
administration of fecal microbiota, 
live-jslm may not be an outright 

limitation, per se, it is certainly 
not the most desirable, and its use 
may be limited if patients remain 
hospitalized for more than 72 
hours after completion of antibi-
otics for recurrent CDI. Lastly, it 
is yet to be determined how much 
therapy with fecal microbiota, live-
jslm will cost patients and insur-
ance companies.

Although fecal microbiota, live-
jslm is the first fecal microbiota 
product approved by the FDA, 
there are other microbiota-based 
agents in the pipeline, particu-
larly SER-109. SER-109 is derived 
from donor stool samples and 
consists of live, purified, gastro-
intestinal tract commensal bacte-
rial spores manufactured into oral 
capsules.23 This agent recently was 
evaluated in a phase 3 trial and 
found to be superior to placebo in 
reducing risk of CDI recurrence in 
patients who had received stan-
dard-of-care antibiotics.24 More 
recently, additional phase 3 data 
from the ECOSPOR IV study 
(NCT03183141) was presented at 
IDWeek 2022.25 The developer of 
SER-109, Seres Therapeutics, Inc, 
is gearing up because its biologics 
license application was accepted 
by the FDA for priority review.26 If 
SER-109 becomes FDA approved, 
it would be the first oral fecal 
microbiota biologic therapy avail-
able for patients. 

There is no doubt that with 
the approval of fecal microbiota, 
live-jslm, a new standard has been 
set for future approval of FMT 
therapies. Fecal microbiota, live-
jslm is a promising therapy and 
an additional agent in the arma-
mentarium to prevent recurrent 
CDI that will now be accessible 
to patients suffering from the 
debilitating effects of this disease. 
Although the FDA approval of fecal 
microbiota, live-jslm is a mile-
stone, future trials of the agent 
against FDA-approved therapeutic 
options and other potential micro-
biota-based therapies are indeed 
warranted. Regardless, it is obvious 
that the once-distant future of fecal 
microbiota therapeutics for CDI is 
now here with the approval of fecal 
microbiota, live-jslm.

References are available at 
ContagionLive.com.
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water insecurity.1 In turn, this had a broad 
impact on a range of human diseases, from 
heat stroke and trauma to mental illness, 
malnutrition, and cardiovascular and infec-
tious disease. These climatic changes are 
affecting infectious disease transmission and 
distribution for a variety of vector-, food-, and 
water-borne diseases.2 Vector-borne diseases 
are particularly climate sensitive, as they 
are transmitted by arthropods such as ticks, 
mosquitoes, and fleas that are cold blooded 
and do not regulate their own temperatures.3 
Lyme disease is the most common vector-
borne disease in the United States, with 
climate change impacting incidence, trans-
mission, and geographic spread.4       

BACKGROUND OF LYME DISEASE
Lyme disease is caused by infection with 
the spirochete Borrelia (most commonly 
Borrelia burgdorferi in the United States). It 
is transmitted to humans through the bite of 
blacklegged ticks Ixodes, with Ixodes scapu-
laris being the most common vector in the 
United States. There are 3 main life stages of 
the Ixodes tick: larva, nymph, and adult. The 
nymphal stage poses the greatest risk for the 
transmission of Lyme disease.5 

There is a wide spectrum for the clinical 
presentation of Lyme disease.  The classic 
manifestation of early localized disease is 
characterized by a red annular rash known as 
“erythema migrans.” If the disease goes unrec-
ognized or untreated, patients can develop 
disseminated disease with more serious organ 
involvement. Examples of affected organ 
systems include the heart (cardiac conduc-
tion abnormalities), nervous system (cranial 
nerve palsy), and joints (arthritis).6

INCREASING INCIDENCE 
OF LYME DISEASE
Lyme disease cases are increasing in the 
United States, with approximately 16,000 
cases reported in 1996 compared with over 
33,000 cases in 2018, as illustrated in the 
Figure from the Environmental Protection 
Agency.7,8 Cases are increasing similarly 
across the globe, throughout Asia, Europe, 
and North America.9 Lyme borreliosis in 
particular is expanding toward higher alti-
tudes and latitudes.10 There has been a 
marked increase in cases in northern US 
states such as Maine, where cases have 
quadrupled between 2005 and 2015.9 This has 
been associated with expansion into regions 
of Canada that are contiguous with the 

United States, and this northward expansion 
is predicted to continue.9 Climatic changes 
in temperature and precipitation will likely 
lead to an environment of increased precipi-
tation in northern latitudes, with decreasing 
precipitation near the equator. This increase 
in temperature and humidity will aid the 
spread of the tick vector into new and 
different areas, particularly northward.9,11

Overall, this increased incidence is likely 
multifactorial, with various biological and 
exogenous factors affecting the interaction 
between the host, spirochete, and vector 
tick, and with changes in reporting itself. 
The effect of improvements in surveillance 
and reporting on an increased incidence  
of Lyme borreliosis is not yet known; 
however, it is likely that at least some of 
the increase in reported numbers of cases 
is associated with improved diagnostics, 
education, and surveillance.9,10 

CLIMATE SENSITIVITY OF THE 
VECTOR TICK AND SPIROCHETE
Ixodes scapularis ticks are very susceptible 
to their abiotic environment and climate, as 
they spend most of their life cycle in the 
environment rather than in the host and 
are cold-blooded organisms.12 This likely 

Lyme disease is transmitted to humans 
through the bite of blacklegged ticks. This 
tick is the most common vector in the 
United States.
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contributes to the seasonality of Lyme 
disease, most cases of which occur in late 
spring and summer. Humidity and tempera-
ture in particular were found to be important 
predictors of Ixodes distribution.13 Ticks 
are sensitive to desiccation, and increased 
humidity favors tick survival and host-
seeking behavior.14 Humid conditions need 
to fit within a suitable temperature range as 
maintaining a temperature between 4 and 32 
°C is important for ticks’ reproductive cycle. 
Warmer climates lead to an accelerated life 
cycle and therefore a higher reproductive 
rate.15 Global climate change therefore has 
the potential to impact the distribution of 
Lyme disease as more areas maintain a suit-
able temperature range for ticks. 

The impact of climate on the spirochete’s 
virulence is well delineated, with changing 
temperatures impacting colonization, 
survival, and transmission of the spirochete. 
Temperature changes have been shown to 
alter the transcriptome of the spirochete, 
with some alterations having a major impact 
on survival. More studies are needed to fully 
understand the tick-spirochete interactions in 
a changing climate.14

CHANGE TO ANIMAL HOSTS 
White-tailed deer, which are the main animal 
host for the adult tick species that carries 
Lyme disease, have expanded their range 
throughout Canada as a result of climatic 
changes and variation in the way land is 
used.9 Within Europe, increasing popula-
tions of deer are driving an increase in 
tick numbers.16 Additionally, in the United 
States, land use changes have resulted in 

the removal of chaparral vegetation in areas 
such as California. This has the potential 
to lead to an increase in Lyme disease in 
these areas due to inundation with new 
bird species that do not usually inhabit 
this vegetation and that are more likely to 
carry larvae and nymphs associated with 
the vector tick Ixodes of Lyme disease.9 
Additional land use changes with increased 
green spaces in urban areas may also create 
new animal hosts of dogs and cats that live 
in these areas.17

ADDITIONAL CONDITIONS 
LEADING TO ANIMAL HOST 
AND VECTOR EXPOSURE
Climate change also creates conditions 
amenable to more exposures to vector-
borne disease. As temperatures rise in 
regions, people spend more time outside 
each day, as well as for longer seasons of 
spring, summer, and fall, which puts them 
at greater risk of animal host and resultant 
tick exposure.17 However, this risk may be 
minimized as temperatures rise even higher 
and drive people inside.  As temperatures 
increase, there is also the potential for 
communities to engage in adaptive strat-
egies, such as using baiting devices to kill 
ticks, as evidenced by programs in New 
York in 2018.16  These adaptations can aid 
in decreasing the incidence of vector-borne 
disease in a changing climate, even while 
the optimal vector range increases. 

Additionally, reforestation and strategies 
aimed at increasing the quality of woodlands 
and forests to encourage recreation may also 
encourage an increase in tick populations, and 

exposure of humans to the animal hosts and 
vector.17 As city borders come closer to wilder-
ness and urban areas expand, there is also 
a potential for increase in host exposure.3,18 
Urban regreening may also lead to an increase 
in urban tick populations and resultant expo-
sures within cities themselves.17

CLIMATE-RESILIENT SOLUTIONS 
TO THE SPREAD OF VECTOR-
BORNE DISEASE
Combating climate change through both 
mitigation and adaptation can reduce the 
climate-related impacts on health. Mitigation 
of climate change, through reducing fossil 
fuel emissions and releasing greenhouse 
gases, will decrease the warming tempera-
tures and resultant change in transmission 
and distribution of vector-borne disease. If 
northern latitudes, where the vectors are 
currently expanding, are no longer suit-
able for the vectors themselves, incidence 
may decrease. Moreover, multiple adaptive 
measures can be taken to respond to the 
climate change–influenced increasing inci-
dence and range of vector-borne disease. 
These include enhancing vector control and 
surveillance of disease, as well as education on 
the prevention and management of disease. 
As the distribution of vector-borne diseases 
changes with the climate, a focus on preven-
tion, education, and awareness to newly 
affected populations is essential to ensure a 
sustainable and climate-resilient response.4 

References are available at 
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Reported Lyme Disease Cases in 1996 and 2018

1996 2018

FIGURE. Looking at Lyme Disease Increase Over a 20-Year Period7,8

Data source: Centers for Disease Control and Prevention. 2019. Lyme disease maps: historical data. Updated November 22, 2019. Accessed January 2021. www.cdc.gov/lyme/stat/maps.html

For more information, visit US EPA’s Climate Change Indicators in the United States at www.epa.gov/climate-indicators.
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Health Equity and the Impact  
on Infectious Disease
Inequities can include access to care issues that run from prevention to acute treatment.  
Addressing such issues can lead to better outcomes. 
by REBECCA LEACH, MPH, BSN, RN, CIC 

Health equity has been a concept 
familiar in the public health sector 
for many years. As the COVID-19 

pandemic spread, the impacts on certain 
groups were made evident and acknowl-
edged on a broader scale. Now health equity 
is part of daily conversations in the acute 
care world and in particular regarding 
infectious disease. Health equity and 
disparities play a role in emerging infec-
tious diseases and disease transmission, 
and until those roles are better understood 
and incorporated into prevention efforts, 
health outcomes for those affected will be 
at risk.

Health equity is defined as the state in 
which everyone has a fair and just opportu-
nity to attain their highest level of health.1 
Social determinants of health are the condi-
tions in which people live, work, play, 
worship, and learn that impact health risks 
and outcomes.1 Finally, health-related social 
needs are the individual factors that affect 
a person’s ability to meet health goals.2

A recent article described 4 main 
concepts as to how health inequities 

can influence disease transmission and 
emerging infectious disease: unequal expo-
sure, unequal transmission, unequal suscep-
tibility, and unequal treatment.3 Exposure 
risk varies based on social determinants. 
For example, in areas with poor sanitation, 
less running water is available for hand 
hygiene. This increases the risk of trans-
mission for diarrheal illness and pathogens 
transmitted through fecal-oral routes. An 
example of unequal transmission was seen 
during the COVID-19 pandemic, when indi-
viduals working in service and frontline 
positions did not have the ability to work 
from home or socially distance themselves.

Unequal susceptibility describes the host 
factors that influence disease transmission 
and infection. A basic tenet of infection 
prevention is the chain of infection, in 
which a susceptible host is the final step. 
But even if all the other steps occur, if 
the person who encounters the pathogen 
is not susceptible, infection and disease are 
less likely to occur. However, comorbidities 
and preexisting conditions can increase the 
risk of infection and more severe disease. 

Some examples of significant measures 
of susceptibility include chronic condi-
tions such as heart disease, cancer, and 
diabetes, as well as poor nutritional status 
and chronic stress.

Unequal treatment essentially concerns 
access to care. Although this is a simple 
statement, it is a complex issue, stemming 
from structural biases, implicit biases of 
health care workers, lack of trust in govern-
mental institutions, and more. Inadequate 
access to care can result in delays in 
seeking care for conditions, exacerbations 
of chronic illness, and the inability to receive 
treatment or preventive measures (vacci-
nation, prophylactic medication, personal 
protective equipment).

However, it is important to be aware 
that health inequities are not to be used 
as a way to point to cultural differences 
as being the cause of disease. For example, 
during Ebola virus disease outbreaks, 
concerns are often discussed regarding 
the funeral practices of certain cultures.4 
Health care providers and policy makers 
must be careful to avoid blaming cultural Ve
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Health inequities in infectious disease are 
becoming a significant area that public 

health officials and stakeholders  
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traditions and trying to change cultures to reflect 
a more Western mind-set as a way to decrease 
risk. Instead, they must understand how those 
practices can influence disease transmission and 
work with local groups to help empower them to 
practice their traditions in the safest ways possible. 
Another example is multigenerational family units 
sharing 1 home. For some cultures, this is a practice 
that is not dependent on socioeconomic factors, 
but the preferred way to live together. Therefore, 
when communicating information and developing 
interventions, it is important to understand the 
nuances of the groups one is addressing in order 
to have meaningful outcomes.

One challenge to understanding the impact 
of health equity on infectious diseases is the 
lack of information and studies on the subject. 
Investigators of a recent systematic review sought 
to pull articles related to health inequalities and 
disease pandemics in the United States and found 
only 16 articles that met the criteria for inclu-
sion.5 Upon further stratification based on race, 
ethnicity, and other social determinants of health, 
the number of articles for each subgroup ranged 
from 1 to 6.5 Based on these findings alone, a 
lack of data and research is clearly a limiting 
factor to understanding the true effects of health 
inequities and social determinants of health on 
infectious diseases. 

Large-scale interventions, such as national 
policy change and global advocacy, are needed to 
bring awareness of the issues to the forefront. For 
example, when developing national grant programs 
to fund research in infectious disease, one require-
ment for application could be to specify a research 
population that experiences health inequities. 
Breaking down the status quo and removing struc-
tural barriers that exist are necessary steps to begin 
the work of addressing health needs of all popula-
tions. To prevent health disparities when the next 

disease outbreak, emerging infectious disease, or 
pandemic arises, work must begin now to address 
inequities and health-related social needs to set up 
our populations for healthier outcomes overall. To 
help achieve these goals, policy and public health 
guidelines need to have diverse points of view and 
input from groups that are most affected to bring 
forward innovative program designs and policy 
development. For example, vaccination recommen-
dations need to address both medical  and social 
risks.6 Therefore, criteria for vaccine risk groups 
should include not only include age and comor-
bidities, but also consider a person’s type of work 
or living situation.

National regulatory and advisory bodies have also 
started integrating health equity into their stan-
dards. The Joint Commission (TJC) recently added 
health equity as one of their standards starting in 
January 2023.7 Health care facilities that are accred-
ited through TJC will be required to appoint a health 
equity officer and show evidence of work being done 
to address health-related social needs. Similarly, 
leading infection prevention organizations are 
also joining the push to integrate health equity 
into research and guidance for infection preven-
tion programs. The Association for Professionals 
in Infection Control and Epidemiology released a 
statement in 2021 commending the Centers for 
Disease Control and Prevention for recognizing 
racism as a public health issue, and committed to 
supporting research focused on health disparities 
and infection prevention.8

At the local community and facility level, what 
can health care professionals do to help address 
health inequity and infectious disease risk? For 
infection prevention programs, first they need 
to understand how health equity impacts their 
patients. They should start to collect data on race, 
ethnicity, gender, health insurance status, zip code, 
primary language, and disability status. This is not 

a new concept from a public health or chronic 
disease perspective, but for programs in infection 
prevention, social determinants of health have not 
been looked at consistently. Other risk factors are 
used to stratify data, but those are usually based 
on clinical indicators. Currently, national reporting 
does not have fields for entering health equity–
related factors, so no national database is avail-
able to look at trends and compare across states. 
Even within local regions, these data sources do 
not exist.

Local infection prevention programs can partner 
with health equity officers in their facilities to 
determine how the concepts of health equity 
can be applied to reduce health care–associated 
infections. Local public health agencies can also 
collaborate with acute care programs to develop 
continuity of care and programs that address 
health-related social needs of patients. Similar 
collaborations occurred with the mpox (monkey 
pox) virus response. Local public health depart-
ments partnered with community programs for 
outreach and vaccine administration to high-risk 
communities, to meet those clients where they live 
and bring preventive care directly to them.

Addressing health inequities in infectious disease 
response is a growing concern. With the recent 
pandemic and outbreaks of emerging infectious 
diseases and high-consequence diseases, it has 
become more evident that social determinants of 
health will continue to play a significant impact in 
disease transmission. More information is needed 
from local and national bodies to enable data-
driven decisions as well as collaboration with 
community leaders to ensure health-related social 
needs are addressed. 

References are available at 
ContagionLive.com.
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CDC recommends that all individuals aged 
13 to 64 years receive HIV testing at least 
once in their lifetime, and at least annually 
for those with certain risk factors.4 Overall, 
in the United States, the incidence of new 
HIV infections has decreased from 37,800 
to 34,800 from 2015 to 2019.3 In 2019, less 
than 1% of these infections were attributed to 
perinatal transmission.5 In 2020, 71% of new 
HIV infections were among men who have sex 
with men, per the CDC.5 In addition, 2% of 
new HIV diagnoses were among transgender 
people.5 In 2020, the CDC noted 12,827 and 
7999 new HIV diagnoses in Black/African 
American and Hispanic/Latino adolescents 
or adults, respectively, in the United States6; 
people who inject drugs (PWID) accounted 
for 1 in 15 HIV diagnoses.5

TARGETS TO END THE 
HIV EPIDEMIC
Regarding the EHE initiative, the 4 HIV 
National Strategic Plan (2021-2025) goals 
are as follows: (1) preventing new HIV 
infections; (2) improving HIV-related health 
outcomes of PWH; (3) reducing HIV-related 

disparities and health inequities; and (4) 
achieving integrated, coordinated efforts 
addressing the HIV epidemic among all 
partners and stakeholders.1

From a global vantage point, the Joint 
United Nations Programme on HIV/AIDS 
(UNAIDS) had set HIV treatment goals in 
2013. By 2020, the goal was to reach the 
HIV treatment targets, titled “90-90-90,” to 
help end the HIV epidemic: 90% of PWH 
would know their HIV status, 90% would 
be receiving treatment, and 90% would be 
virally suppressed. Although these targets 
were not universally met, considerable 
strides toward achieving progress in the field 
of HIV were made. What is also encouraging 
is that certain high–HIV burden countries 
were able to achieve some of these goals.

Although HIV remains a pervasive 
epidemic, there have been tremendous 
advancements in HIV prevention, diag-
nosis, antiretroviral therapy (ART), and 
continuity of care over the decades. These 
have ranged from the advent of Rapid Start 
ART to the Undetectable = Untransmittable 
(U = U) public health messaging campaign, 
supported by clinical trial data.7 Remarkably, 

by the end of 2021, roughly 75% of PWH 
globally were accessing ART.2 In 2020, 
the UNAIDS HIV treatment targets were 
updated with a new goal, titled “95-95-95,” 
whereby  95% of PWH would be aware of 
their HIV status, 95% would be on treat-
ment, and 95% would be virally suppressed 
by 2025.8 To reach such targets, a prag-
matic approach is to expand access to 
HIV care (including both HIV preexpo-
sure prophylaxis [PrEP] and treatment) 
in high-prevalence areas (eg, hot spots), 
particularly focusing in on where PWH 
may have limited care, including in rural 
settings.7 Additionally, through task shifting, 
health care workers including community 
workers and nurses have helped physicians 
to amplify the role of providing effective, 
integrated HIV care. Expanding access 
includes strengthening the workforce of 
HIV providers and ensuring there is invest-
ment in infectious diseases education and 
training9; especially as, alarmingly, there was 
a decrease in the percentage of infectious 
diseases fellowship training programs filling 
their trainee spots in 2022.10 That notwith-
standing, training other noninfectious 

Although HIV remains a pervasive epidemic, 
there have been tremendous advancements 

and progress in HIV prevention, and work 
continues toward ending the epidemic.
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diseases providers in comprehensive HIV care can 
be another pathway to increase the workforce.11 

REDUCING HIV-RELATED INEQUITIES 
AND ACHIEVING INTEGRATED 
COORDINATED EFFORTS
Notably, in the past decade alone, there has been 
improved population-wide viral suppression, a 
decline in HIV diagnoses (especially in key popu-
lations), reduced outcome disparities (noted within 
the Ryan White HIV/AIDS Program), and enhanced 
health insurance for PWH.1 In addition, the devel-
opment of HIV PrEP; enactment of policies to 
ensure federal funding supports HIV care; and 
advancements directed by the National Institutes 
of Health toward novel prevention agents, thera-
pies, vaccine, and cure1 hold promise for physicians 
and patients alike that an end to the HIV epidemic 
is not implausible, though more time and invest-
ment are needed. The implementation of commu-
nity-based outreach has been effective in ensuring 
linkage to care for PWH. Additionally, medication- 
assisted treatment for substance use with behavioral 
therapy and syringe service programs has helped to 
reduce transmission of HIV in PWID.6

Moreover, it is important to focus on glob-
ally equitable HIV care, including in low- 
resource settings, so that countries with the highest 
burdens are achieving HIV treatment and prevention 
targets. Particular attention is needed in low-resource 
settings, as a lack of control of HIV in these regions 
can pose a threat of resurgence in areas that have 
already achieved control, as we have learned with 
the COVID-19 pandemic.

Above all, the future of HIV care holds signifi-
cant potential. Particularly, cutting-edge scientific 
research developments and clinical trials of HIV 
prevention and treatment drugs, therapeutics, 
vaccines, and transplantation have led to tremen-
dous progress—and, rarely, even cure of HIV in the 
latter case—in this field. 

PREVENTING NEW HIV INFECTIONS
HIV Preexposure Prophylaxis
In the United States, daily oral pills of tenofovir 
disoproxil fumarate/emtricitabine and tenofovir 
alafenamide/emtricitabine for HIV PrEP were US Food 
and Drug Administration (FDA) approved in 2012 and 
2019, respectively. These milestones heralded a para-
digm shift, focusing on HIV preventive therapeutics as 
a key strategy in reducing HIV transmission. Then, in 
December 2021, the first long-acting, injectable agent, 
cabotegravir, was approved by the FDA for HIV PrEP,12 
holding promise for those individuals who are less 
adherent to daily oral pill regimens. In the pipeline, 
the long-acting capsid inhibitor lenacapavir—which 
has an oral lead-in and a long-acting subcutaneous 
injectable formulation—is being studied as an agent 
for HIV PrEP in the PURPOSE 1 and 2 clinical trials 
(NCT04994509 and NCT04925752)13,14; this potential 
game changer would allow biannual injections for 
HIV PrEP. Outside of the United States, the dapivirine 
vaginal ring has been offered as PrEP for adult women, 

based on clinical trial data (eg, RING [NCT01539226], 
ASPIRE [NCT01617096]) from Africa demonstrating 
HIV-1 risk reduction in women engaging in vaginal 
sex.15-17 In recent years, Zimbabwe and South Africa 
were the first African countries to approve this vaginal 
ring as PrEP.17 

HIV Vaccines
HIV vaccines18-20 have been in development for 
decades, including in clinical trials, unfortunately 
with unsatisfying results. Promising approaches 
including messenger RNA (mRNA) vaccine plat-
forms—utilized in arenas such as cancer and in 
particular for COVID-19 amidst an unprecedented 
pandemic—employ host machinery to produce 
immunogens to elicit immune responses. mRNA 
vaccines for HIV have been developed, and notably, 
the first randomized control clinical trial for HIV 
mRNA vaccines in humans began in 2022, with results 
anticipated in 2023.18,21 

IMPROVING HIV-RELATED 
HEALTH OUTCOMES
HIV Treatment as Prevention
Bending the arc takes time, and scientific research 
has played a tremendous role in the process. The 
randomized controlled trial HPTN 052 (NCT00074581) 
was a landmark study which examined whether ART 
could prevent sexual transmission in serodiscordant 
couples.22 The findings demonstrated that early ART 
initiation led to a sustained decrease in HIV-1 infec-
tion in HIV-negative sexual partners.22 This study was 
proof of concept for the HIV Treatment as Prevention 
strategy,22 so much so that in 2013, the World Health 
Organization recommended that ART be administered 
to all PWH with uninfected partners to reduce HIV 
transmission, based on the study’s interim results.23 

Undetectable = Untransmittable (U = U)
The public health messaging of U = U initiated in 
2016 by Prevention Access Campaign has helped to 
educate the public and reduce the stigma of HIV. 
The concept of U = U with regard to HIV has been 
supported by evidence from various studies (eg, 
Rakai Project Study, PARTNER, HPTN 052, Opposites 
Attract), which helped increase awareness about the 
lack of risk of HIV transmission in the setting of 
undetectable viremia.22-27

Recent Updates
Myriad landmark developments in HIV prevention, 
transmission, and novel therapeutics have occurred 
since then. Currently, per the 2022 International 
Antiviral Society–USA HIV treatment and prevention 
guidelines, the standard HIV regimen recommended 
for the majority of PWH is one of the following: (1) 
bictegravir/tenofovir alafenamide/emtricitabine, (2) 
dolutegravir plus tenofovir (alafenamide or disoproxil 
fumarate) with either emtricitabine or lamivudine, 
or (3) dolutegravir/lamivudine (if HIV RNA  < 500,000 
copies/mL and hepatitis B coinfection is not present).8 
Additionally, an expanding repertoire of agents for 
heavily treatment-experienced (HTE) people with 

multidrug-resistant (MDR) HIV-1 include the gp120 
attachment inhibitor fostemsavir (excluding HIV 
subtype CRF01_AE), the capsid inhibitor lenacapavir, 
the CCR5 antagonist maraviroc (if R5-tropic), the CD4 
postattachment inhibitor ibalizumab, and the fusion 
inhibitor enfuvirtide.12 

On December 22, 2022, the landmark FDA approval 
of lenacapavir—a first-in-class, long-acting capsid 
inhibitor which can be given via biannual injec-
tion—for MDR HIV-1 treatment was a breakthrough 
for HTE PWH with limited treatment options.28 This 
drug can be used in combination with other antiret-
roviral agents, based on data from the CAPELLA study 
(NCT04150068).28 Potential partner agents for lenaca-
pavir are being investigated further for treatment of 
HIV in up-and-coming clinical trials. Additionally, in 
January 2021, a milestone for adults with HIV-1 (with 
virologic suppression on a daily oral ART regimen) was 
the FDA approval of a combination of the long-acting 
injectable agents cabotegravir and rilpivirine adminis-
tered every 4 or 8 weeks.12 Furthermore, HIV broadly 
neutralizing antibodies and other novel antiretro-
viral agents (in combination) are being investigated 
in innovative research studies, including in clinical 
trials. In addition, human clinical trials are underway 
to evaluate the efficacy of gene-editing treatment in 
HIV, particularly the CRISPR-based HIV intravenous 
infusion therapy EBT-101, although this underlying 
technology is still exploratory in nature.29

PART II. AN HIV CLINICIAN’S 
PERSPECTIVE: FORMATIVE 
MILESTONES THROUGH MY LENS
Foundation
I was born in the 1980s—a time when HIV was 
emerging, blatantly stigmatized, and not yet fully 
described. If the virus is left to its own devices, its 
natural history permits progression to the syndrome 
of AIDS—once described as “enigmatic and deadly.”30 
For the medical community and PWH during that 
time, fighting for a treatment option was the only 
option, when antiretrovirals were still in develop-
ment. In 1987, zidovudine (AZT) would eventually 
be the first FDA-approved medication to treat HIV/
AIDS.31 Growing up in the United States as a child of 
indefatigable immigrants, perhaps I was an infracani-
nophile. I witnessed how the challenges of struggles 
and inequity could be counterbalanced by resilience 
and willpower. Those foundational years, paired with 
my inclination for science and predilection to care 
for the vulnerable, would be the building blocks for 
my becoming a physician focused on global health. 
In 2003, I remember in high school watching the 
news when the US President’s Emergency Plan for 
AIDS Relief (PEPFAR) was announced. PEPFAR would 
initially provide $15 billion in funding over 5 years to 
combat HIV, and inevitably change the global land-
scape of HIV, particularly affecting PWH in countries 
with a high prevalence of HIV.31 I recall feeling a pang 
of justice—followed by a sense of relief—as I under-
stood that political will could coexist with empathy 
for the well-being of the underserved. In 2007, in 
college, when my predilection for biomedical 
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engineering grew, it was timely that I learned 
of the “Berlin patient,” who was the first 
person living with HIV designated as cured 
after receiving a bone marrow transplant.31 

START OF MY JOURNEY  
IN PROVIDING HIV CARE
Later, in 2012, when I was in medical school, 
my commitment to global health, under-
standing health disparities, and the linkage 
between vulnerable populations and illness 
grew. These underpinnings led me through 
the years to live and work in medical settings, 
including Izcuchaca in Peru and Austria, 
where I saw more clearly the contrasting 
health disparities in underdeveloped and 
developed health care settings in the world. 

Meanwhile, in 2012, the first oral HIV PrEP 
agent, tenofovir disoproxil fumarate/emtric-
itabine, was approved by the FDA.31 In 2016, 
after graduating medical school, I began my 
residency in internal medicine. At that time, I 
read Mountains Beyond Mountains, describing 
the late Dr Paul Farmer’s vision that health 
care is an intrinsic right regardless of socio-
economic status or regionality, backed by his 
ideology that glaring global health dispari-
ties could be transformed.32 Needless to say, 
I was inspired. Thus, I was grateful for the 
opportunity to work on the medicine wards 
in hospitals in Rwanda during 2017 and 2019, 
where I saw fascinating pathology in trop-
ical medicine and even tremendous strides 
in a developing health care system in Africa; 
however, I also witnessed the tragic reality 
of many people needlessly dying from HIV, 
its related opportunistic infections, and other 
ailments that could have been addressed 

more readily in more resource-rich, developed 
health care settings. “Geography is destiny,” a 
doctor told me on the ward in Rwanda, but 
I did not want that to be the case when it 
came to treatable diseases with human lives 
at stake. It was in that ward that I decided 
to advocate for those who were affected by 
HIV and infectious diseases by becoming an 
infectious diseases physician.

SPECIALIZATION AND EVOLUTION
In 2019, in the first year of my infectious 
diseases fellowship, I committed myself to 
becoming an HIV, infectious diseases, and 
global health physician. I continued to treat 
PWH in the HIV clinic and on the HIV/infec-
tious diseases/internal medicine service and 
teach trainees on the wards. In fellowship, 
I was inspired by my mentors and senior 
physicians who had helped blaze the trail in 
HIV and global health. Concurrently, during 
that year, the EHE initiative was proposed. 
In addition, a second person living with HIV 
was designated as cured after receiving a 
bone marrow transplant.31 As the COVID-19 
pandemic emerged in late 2019/early 2020 
during my infectious diseases fellowship, 
the focus shifted—but my passion to treat 
patients with HIV had not faded. At a time 
when so much about SARS-CoV-2 was still 
unknown and enigmatic, I remember hearing 
senior professors and physicians relate how 
this hearkened back to and paralleled in many 
ways the HIV epidemic. During this time, we 
studied SARS-CoV-2 immunogenicity among 
PWH receiving COVID-19 vaccines. Also, 
as a COVID-19 vaccine clinical trials (pedi-
atric, adult, and booster studies) subinvesti-
gator, I learned a great deal about clinical 
trials, research developments, and supply 
and demand of highly efficacious mRNA 
COVID-19 vaccines developed at warp speed 
and in a condensed time frame. Later, in 2021, 
as an HIV clinical trials subinvestigator, I 
helped study the efficacy of a switch from 
daily oral bictegravir/tenofovir alafenamide/
emtricitabine to the injectable antiretrovirals, 
cabotegravir and rilpivirine. In January 2021, 
cabotegravir and rilpivirine would eventually 
become the first FDA-approved, long-acting, 
extended-release injectable complete ART 
regimen for HIV; and in December 2021, cabo-
tegravir (extended release) would become the 
first FDA-approved long-acting agent for HIV 
PrEP. These milestones motivated me to study 
novel HIV therapies further.

In 2021-2022, now as an infectious diseases 
attending physician, I recall breaking news 
headlines of another milestone—a woman in 
the United States had been cured of HIV after 
a cord blood transplant.33 “More momentum,” 
I thought. Around this time, I valued my 

experiences teaching and working in hospi-
tals in South Africa and Liberia, where I 
continued to see the impact of a high burden 
of tropical and infectious diseases, including 
HIV and tuberculosis, and noncommunicable 
diseases on patients. Back in the United 
States, I continued research as a subinves-
tigator, now for an HIV clinical trial studying 
HTE people with MDR HIV. In this trial, we 
studied the efficacy of adding the long-acting 
capsid inhibitor lenacapavir to a complex 
antiretroviral regimen with great effect. In 
December 2022, lenacapavir became the first-
in-class FDA-approved long-acting capsid 
inhibitor for treatment of adults with MDR 
HIV-1.28 This advent would have a profound 
impact for HTE PWH with limited treatment 
options and incited me further to study the 
efficacy of lenacapavir in HIV PrEP clinical 
trials. Of course, robust, long-term studies 
will need to be expanded upon to better 
understand the safety, efficacy, and resistance 
profiles of novel ART for the prevention and 
treatment of HIV. 

CONCLUSIONS
As we have seen with the HIV epidemic, a 
revolution does not typically occur overnight. 
We should strive to achieve the aspirational 
goals we set—important benchmarks—such 
as those of EHE. Yet, we do not need to 
wait until 2030 to see the manifestation of 
such a revolution, because this cultivation of 
novel prophylactics and treatments for HIV 
has already begun and is happening before 
our eyes. Thus far, the milestones that have 
already been reached are a promise and a fore-
shadowing of an ever-evolving development 
in the pipeline of prophylactics and thera-
peutics in the field of HIV. These innovations 
will unequivocally provide improved health 
outcomes for community members, including 
PWH, now and in the future. Moreover, I am 
inspired by the decades-long commitment of 
physicians and health care workers to HIV 
care, whose wisdom and mentorship have 
ensured a promulgation of the next genera-
tion of HIV and infectious diseases doctors.

From treating patients with HIV on the 
wards, in my community and globally, to 
giving long-acting antiretrovirals such as 
cabotegravir and lenacapavir in clinical trials, 
I bear witness to this field’s staggering prog-
ress, which is proof of concept for me that 
we can use our collective brainpower and 
willpower to redefine what effective preven-
tion and treatment of HIV/AIDS means for 
our patients. 

References are available at 
ContagionLive.com.
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of carbapenemase-producing CRE identi-
fied in the United States harbor Klebsiella 
pneumoniae carbapenemase (KPC) enzymes 
typically found in K pneumoniae (KPC-
Kp).3,4 Treatment of KPC-Kp infections has 
dramatically shifted in the past decade away 
from less desirable aminoglycoside-, poly-
myxin-, or tetracycline-based combination 
therapy to newer β-lactam/β-lactamase 
inhibitors such as ceftazidime-avibactam, 
imipenem-relebactam , and meropen-
em-vaborbactam. Indeed, consensus guide-
lines5 and expert guidance6 prioritize use 
of β-lactam/β-lactamase inhibitor agents 
in updated recommendations. These 
recommendations are largely based on 
real-world evidence showing superior effi-
cacy and/or safety compared with poly-
myxin-based combination therapy for 
KPC-Kp infections.7-13 Although frontline 
use of novel β-lactam/β-lactamase inhib-
itors has become widely adopted, it is 
less clear which of the 3 commercially 
available agents should be preferred. 
Indeed, the Infectious Diseases Society of 
America guidance document recommends 
each of the 3 agents as a preferred treat-
ment option for carbapenemase-producing 
CRE.6 Differentiating the agents may have 
important implications for hospital formu-
laries and antimicrobial stewardship prac-
tices, as well as patient outcomes. 

Comparative clinical data for ceftazi-
dime-avibactam vs meropenem-vaborbactam 

are limited14 and have not been published 
for imipenem-relebactam. In fact, the data 
to support use of imipenem-relebactam for 
CRE infections are limited to 5 patients 
enrolled in a randomized clinical trial13 
and 2 patients included in a retrospective 
patient registry.15 Moreover, in vitro activity 
of imipenem-relebactam is dependent upon 
functional outer membrane porin channels 
in KPC-Kp clinical isolates.16,17 Findings from 
in vitro selection studies have demonstrated 
that imipenem-relebactam resistance may 
evolve through mutations in major porin 
genes, increased expression of KPC, and blaKPC 
mutations.18-20 Although emergence of imipe-
nem-relebactam resistance to KPC-Kp has 
not yet been reported following treatment, 
the totality of evidence is significantly less 
when compared with that of ceftazidime-avi-
bactam or meropenem-vaborbactam. Thus, 
the European Society of Clinical Microbiology 
and Infectious Diseases guidelines neither 
recommend nor advise against the use of 
imipenem-relebactam for CRE infections.5 
Until further evidence is available, clini-
cians are more likely to select either ceftazi-
dime-avibactam or meropenem-vaborbactam 
for the treatment of invasive KPC-producing 
Enterobacterales infections.

Reported real-world use of ceftazi-
dime-avibactam exceeds that of other 
novel CRE-active agents, given its posi-
tion as the first to be approved by the 
FDA. Since its approval in 2015, numerous 
observational studies have documented 

the efficacy and safety of ceftazidime-avi-
bactam for infections due to KPC-producing 
Enterobacterales. During this time, however, 
questions regarding exposures during pneu-
monia and the risk for the emergence of resis-
tance have been raised.21,22 Among patients 
with KPC-Kp infections, treatment-emergent 
resistance to ceftazidime-avibactam has 
been identified across data from studies and 
patient populations.14,22-24  Resistance istypi-
cally mediated by mutations in blaKPC Ω-loop 
that result in preserved in vitro activity 
for meropenem-vaborbactam and imipen-
em-relebactam.17,21,25, In contrast, resistance 
to meropenem-vaborbactam has been rarely 
reported.19,23 In the only 2 published cases, 
meropenem-vaborbactam resistance against 
KPC-Kp was associated with mutations 

in the ompK36 porin gene. Such muta-
tions have been associated with atten-
uated virulence in murine models of 
infection,26,27 which may explain the rela-
tively low frequency with which resistance 
has been selected in vivo. During in vitro 
studies, biologically relevant concentra-
tions of meropenem-vaborbactam suppress 
the emergence of resistance.28 Further, 
meropenem-vaborbactam has been specif-
ically designed to target KPC-producing 
Enterobacterales as demonstrated by  
the agent’s potent in vitro activity25,29 and 
optimized pharmacokinetics.30,31 Whether 
these characteristics translate to superior 
clinical efficacy over ceftazidime-avibactam 
is still unknown.

(continued from cover page)
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One multicenter, retrospective study compared the 
outcomes of patients with documented CRE infec-
tions who received either ceftazidime-avibactam 
(n = 105) or meropenem-vaborbactam (n = 26) for at 
least 72 hours.14 Rates of clinical success, survival, 
and recurrent infections within 90 days were compa-
rable between treatment arms (Figure). Screening for 
the presence of carbapenemases occurred in just 45 
cases, but the proportion attributed to KPC-producing 
Enterobacterales was similar between groups (72% 
vs 77%). Baseline characteristics, underlying diseases, 
and severity of illness were also similar between 
groups. Notwithstanding, some important limitations 
should be noted, including the potential for selection 
bias given the retrospective observational design of 
the study, inclusion of polymicrobial infections, and 
various sites of CRE infection. Between-group differ-
ences included a longer median time to treatment 
initiation for patients who received ceftazidime-avi-
bactam (49 hours) compared with meropenem-vabor-
bactam (20 hours; P = .02); however, median time to 
first in vitro active agent was similar (25 vs 15 hours; 
P = .62). This may be due to more frequent use of 
combination therapy among patients who received 
ceftazidime-avibactam (61%) than those who received 
meropenem-vaborbactam (15%; P < .01). Treatment-
emergent resistance was identified among 3 of 15 
patients with recurrent infections who received 
ceftazidime-avibactam compared with 0 of 3 patients 
who received meropenem-vaborbactam. 

Data from 2 sequentially published studies from 
a single US medical center demonstrated remark-
ably similar rates of clinical success and survival, 
which did not vary among patients receiving ceftazi-
dime-avibactam (n  =  77) or meropenem-vaborbactam 

(n = 20) for at least 48 hours to treat CRE infec-
tions.22,23  Seventy-five percent of patients treated 
with ceftazidime-avibactam and 90% of patients 
treated with meropenem-vaborbactam were infected 
with KPC-producing Enterobacterales. Patient demo-
graphics and severity of illness were similar across 
both studies. The median time to treatment initiation 
was 72 hours for ceftazidime-avibactam and 68 hours 
for meropenem-vaborbactam. The majority of patients 
received monotherapy (69% for ceftazidime-avi-
bactam and 80% for meropenem-vaborbactam). Rates 
of treatment-emergent resistance were 10.4% and 5% 
following receipt of ceftazidime-avibactam and mero-
penem-vaborbactam, respectively.

Additional comparative data can be derived from 
2 multicenter, retrospective studies from Italy.10,32 
Here, patients received either ceftazidime-avibactam 
(n = 138) or meropenem-vaborbactam (n = 37) for 
compassionate use. Accordingly, median times to 
treatment initiation were 7 and 5 days, respectively. 
All patients were infected with KPC-Kp, and the vast 
majority had bloodstream infections. In both studies, 
patients were critically ill and generally received 
combination therapy (79% for ceftazidime-avibactam 
and 62% for meropenem-vaborbactam). The clinical 
cure rate following treatment with meropenem-vabor-
bactam was 76%, which is notable considering that 
35% of patients had previously received ceftazi-
dime-avibactam and 60% of KPC-Kp isolates were 
resistant to ceftazidime-avibactam. The clinical cure 
rate following treatment with ceftazidime-avibactam 
was not reported.10  Overall, resistance was reported 
in 3 patients treated with ceftazidime-avibactam and 
no patients treated with meropenem-vaborbactam for 
compassionate use. 

Individually, no findings from these studies 
have demonstrated a difference in clinical efficacy, 
mortality, or development of resistance following 
treatment with ceftazidime-avibactam or meropen-
em-vaborbactam. Taken together, however, some 
trends have been consistently identified, including 
higher rates of survival and lower rates of resis-
tance associated with meropenem-vaborbactam. 
These observations add to the aforementioned in 
vitro and pharmacokinetic advantages that have been 
documented. The importance of these observations 
ultimately depends on validation in larger, multi-
center, comparative-effectiveness studies designed 
to control for the infecting pathogen, site of infec-
tion, and severity of illness. Until such time, these 
data should be interpreted cautiously given their 
inherent limitations. Time biases may further impact 
interpretation given that experience in managing CRE 
infections has improved over time in parallel with 
the availability of rapid molecular diagnostic tests, 
accessibility of antimicrobial susceptibility testing 
for newer agents, and a changing CRE epidemiology 
in the United States.3,4 Even with these factors in 
mind, the cumulative evidence supports preference 
for meropenem-vaborbactam over ceftazidime-avi-
bactam and imipenem-relebactam for treatment of 
KPC-producing Enterobacterales infections.6 Future 
comparative-effectiveness studies will be essential in 
further defining the hierarchy of these, and other newly 
developed agents, for treatment of infections caused 
by multidrug-resistant gram-negative pathogens. 

References are available at 
ContagionLive.com.
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FIGURE 1. Clinical Outcomes of Patients With CRE Infections Treated With Ceftazidime-Avibactam or Meropenem-Vaborbactam

CRE, carbapenem-resistant Enterobacteriaceae; CZA = ceftazidime-avibactam; MVB = meropenem-vaborbactam; NS = not significant 
* Defined at 30 days from infection onset. 
** Reported as 30 days for ceftazidime-avibactam and in-hospital for meropenem-vaborbactam; all in-hospital deaths occurred within 30 days. 
† Outcomes are reported following compassionate use with both agents.
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instead of previously recommended trough 
goals of 15 to 20 mg/L.1 The basis for this 
recommendation was driven by a reduction 
in vancomycin-associated nephrotoxicity 
seen with AUC-based dosing.1-3 Since this 
guideline update, institutions have been chal-
lenged with implementing and monitoring 
vancomycin AUC dosing. Herein, we describe 
important steps when making the switch to 
AUC-guided dosing, and strategies to consider 
that will ensure sustainable change. 

PREPARING TO MAKE THE CHANGE
Similar to any large institutional change, 
the key to success for employing vanco-
mycin AUC dosing is in the preparatory 
work. Institutions that have implemented 
vancomycin AUC-guided dosing indicate 
that preparation may take between 2 and 5 
months.4,5 The focus at this stage includes 
updating vancomycin institutional guide-
lines, reviewing current vancomycin work-
flow, developing educational documents, and 
educating relevant stakeholders.6

There are many aspects of the vancomycin 
dosing process that should be discussed at the 
institution level. Examples include maximum 
empiric vancomycin total daily doses, methods 
of calculating renal function for patients, defi-
nitions of acute kidney injury, and vanco-
mycin targets for non-MRSA infections.6,7 
Another important aspect of implementation 

is how AUC calculations will be performed 
and through what support systems. Methods 
include population-based Bayesian soft-
ware or 2-level first-order pharmacokinetic 
calculations through electronic medical 
record–embedded, commercially available, 
or institutionally developed Excel calcula-
tors.7 Resources are available online for those 
beginning this process through organizations 
such as MAD-ID, DoseMeRx, and the Society 
of Infectious Diseases Pharmacists, which has a 
“Vancomycin AUC Toolkit.” All these resources 
include templates for vancomycin guidelines 
as well as AUC dosing Excel calculators.6

There are several key personnel who should 
be involved early and throughout the prepa-
ration stage. Creating a workgroup of stake-
holders, including infectious diseases (ID), 
internal medicine, critical care, and surgery 
pharmacists, as well as physician cham-
pions, will improve acceptance of these new 
processes. The workgroup should review the 
current vancomycin monitoring workflow 
and determine who will be ordering doses, 
scheduling labs, and monitoring vanco-
mycin AUC-guided dosing. Additionally, 
they should determine the preferred docu-
mentation process and create templates for 
notes and daily monitoring. For institutions 
with robust pharmacy services, a decision 
of roles for centralized, decentralized, and 
clinical specialty pharmacist involvement 
should be made. Some institutions have 
implemented pharmacist-driven vancomycin 
dosing protocols, but this may not be feasible 
depending on resource availability. In such 
cases where pharmacy services are limited, 
physicians and midlevel practitioners would 
determine dosing and monitoring. For insti-
tutions that will be utilizing calculation 
methods requiring 2 levels, nursing and/
or phlebotomy departments will need to 
be included in the workgroup to discuss 
the impact of these changes and to make 
any necessary updates to their protocols. 
Discussion should include accuracy of level 
timing in respect to vancomycin doses, the 
relevance and importance of the peak level, 
and the decision to not withhold doses while 
a level is pending. Laboratory leadership will 
also need to be included to discuss the level 
draw changes, interpretation of critical level 

thresholds, and importance of level result 
time. For many institutions, members of the 
information technology department can play 
a key role in assisting with changes to level 
ordering or embedded calculators. Finally, 
various members of hospital leadership will 
need to be involved for purposes of resource 
acquisition and financial decisions, as well as 
process and protocol approvals. Buy-in and 
support from each of these interprofessional 
groups is necessary for the successful imple-
mentation of vancomycin AUC-guided dosing 
and monitoring. 

Institutions that have implemented 
AUC-guided dosing stress the importance of 
early and ongoing education.4,5,7-10 The Table 
summarizes various education and commu-
nication strategies reported at sites that 
have implemented AUC-guided dosing. In 
general, literature data highlight the impor-
tance of in-person, interactive education 
being more effective than passive methods, 
such as email.4,8 The Society of Infectious 
Diseases Pharmacists vancomycin toolkit 
includes education templates for providers 
and nursing/phlebotomy departments.6,11,12

PROCESS ROLLOUT AND 
EARLY EVALUATION
How and when AUC-guided vancomycin 
dosing is implemented should be determined 
by the institution. Prior to hospital-wide 
implementation, a pilot period during which 
AUC-guided dosing is rolled out for specific 
indications (ie, bacteremia or infective endo-
carditis) or select areas of the hospital may 
be considered.5 This offers an opportunity to 
assess the need for any process changes to 
be adjusted before hospital-wide implementa-
tion. Champions of the AUC process change 
should be made available as questions arise. 

Ongoing evaluation of implemented 
processes during this stage remains essential. 
Given that this would be a major institutional 
change, monitoring outcomes of interest 
(namely reducing vancomycin exposure and 
vancomycin-associated nephrotoxicity) is 
vital. For instance, Heil et al described an 
institutionally generated report that tracked 
the percentage of patients who develop acute 
kidney injury while receiving vancomycin.7 
Cole et al conducted a gap analysis using 

For institutions with robust 
pharmacy services, 
a decision of roles for 
centralized, decentralized, 
and clinical specialty 
pharmacist involvement 
should be made.
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with the challenge of implementing and monitoring AUC-guided dosing.
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vancomycin levels and evaluated adherence 
to their dosing protocol.8 Finally, Gregory 
et al utilized a monthly report assessing all 
pharmacist vancomycin notes. A survey was 
also distributed to pharmacists 5 months 
following implementation to evaluate their 
perception of the changes regarding efficacy 
and safety.4

LONG-TERM 
POSTIMPLEMENTATION REVIEW
Although the literature and available 
resources focus on methods of early (within 
1 year), postimplementation evaluation of 
vancomycin AUC dosing, little information is 
available on how to create sustainable, long-
standing change. With much of the focus in 
the preparation and implementation stages 
being geared toward communication and 
education, quality improvement initiatives 
suggest a regression of metrics when educa-
tion is stopped.

At Boston Medical Center, an internal audit 
conducted 2 years following vancomycin 
AUC dosing rollout revealed that the phar-
macy department failed to meet competency 
for vancomycin dosing. Appropriateness    

wasdefined as overall adherence to the dosing 
protocol, including dosing, monitoring, and 
documentation. Failure was defined as less 
than 85% appropriateness. Here, the area of 
failed competency was specifically seen in the 
appropriate vancomycin dosing/indication 
and failure to monitor based on institutional 
guidelines. Given these findings, a quality 
improvement initiative was implemented 
to develop a sustainable training process 
in an effort to improve appropriateness to 
greater than 90%. Pharmacists were required 
to attend a 1-hour, in-person competency 
(that was also recorded for those who were 
not available in person) and then pass an 
exam with a score of 80% or higher. The exam 
included case-based questions, and pharma-
cists were limited to 1 attempt. If pharma-
cists did not pass on their first attempt, they 
were required to meet for a second small 
group discussion with an ID pharmacist and 
then were given a second exam. Workflow 
processes were also reevaluated: All new 
vancomycin protocols from overnight were 
limited to single doses; maximum empiric 
doses were set to 1500 mg per dose; level 
ordering was limited to be drawn between   

4 am and 8 pm; and vancomycin critical alert 
pages were changed from on-call residents to 
an ID pharmacist during the day to identify 
educational opportunities in real-time. This 
resulted in a sustainable change of vanco-
mycin dose appropriateness of greater than 
85%, which is now being tracked through 
monthly reviews on an ongoing basis.

CONCLUSION
Although literature and guideline recommen-
dations support the switch to AUC dosing for 
vancomycin, how it is implemented is to be 
determined by individual institutions. Given the 
extensive nature of this practice change, it is 
vital for institutions to establish an interprofes-
sional work group to discuss process changes 
and an education plan prior to implementation. 
Continued education and process revisions 
should be expected early post implementa-
tion. Finally, ongoing, long-term postimplemen-
tation audits should be conducted to ensure 
successful, sustainable change. 

References are available at 
ContagionLive.com.

TABLE. Review of Early and Ongoing Interprofessional Education Strategies Conducted at Institutions That Implemented Vancomycin  
AUC-Guided Dosing
Reference/
institution 
type

Interprofessional education and communication strategies

Pharmacists Physicians and midlevel 
practitioners

Nurses/phlebotomists Laboratory personnel

Gregory et al4

Large academic 
medical center

• Education video sent to  
all pharmacists

• 30-min live sessions led by 
ID pharmacists; pharmacists 
were required to attend 1

• Email communication sent 
including workflow changes

• Pharmacists encouraged to 
educate their individual teams

• Education video sent to  
nursing department

• Frequently asked questions 
sheet sent to nursing leadership

• Email education information 
sent to phlebotomy department

• Meeting organized with 
laboratory personnel

Meng et al5

Large academic 
medical center

• Six 45-min live in-service 
sessions 

• Pharmacy competency

• Presentation at specialty 
provider meetings

• Educational flyers emailed

• Presentation at nursing 
education council

• Reminder sent on level changes 
after protocol implemented

• Process changes approved by 
laboratory committee

• Reminder email sent on 
level changes after protocol 
implemented

Heil et al7

Large academic 
medical center

• 20-min module focused on 
evidence for AUC dosing

• 1-hr live training on institution  
process changes

• Pharmacy competency exam 
• Case-based, in-person 

department “huddles”

• In-service sessions with 
process changes and rationale 
for AUC dosing

• Email sent as supplement

• Handouts provided with 
rationale for AUC dosing, 
reason for 2 levels, and timing 
of level draws

• In-service education

Cole et al8

Small rural 
hospital

• 30-min interactive 
presentation

• Group activity with practice 
problems

• Condensed education  
session recorded 

• Interactive presentation to 
hospitalists

• Video teleconferencing for 
rotating medical residents

• Educational email with 
educational podcast

• Meeting focused on  
practice changes

• Adjusted critical alert 
vancomycin level threshold  
to 40 mg/L

Girgis et al9

Large academic 
medical center

• Four 1-hr live education and 
case-based sessions

• AUC dosing pocket guide 
created with tips/tricks 

• Biweekly 1-hr case-based  
“lunch and learns” 

• Meetings with clinical 
pharmacists following 
implementation

• Presentation of protocol 
change at antibiotic  
subcommittee 

• Presentation on rationale  
and practice change to 
physician chiefs

• Presentation at nursing 
education council

• Newsletter sent to nursing 
department including 
rationale for change and  
level draws 

• Educational flyers placed on 
each floor

• Meeting with phlebotomy 
leadership

• Meeting organized with 
laboratory personnel

• In-service education provided

AUC, area under the curve; ID, infectious disease.
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Educating the general public about the clinical 
significance of SARS-CoV-2 variants of interest 
and variants of concern and the importance 

of receiving the bivalent COVID-19 booster is 
important to increase vaccine uptake. However, 
the advent of the Omicron variant and perceived 
reduction in the efficacy of COVID-19 vaccines for 
preventing infection has increased hesitancy about 
receiving the bivalent COVID-19 booster, according 
to experts who participated in a Contagion® Peer 
Exchange, moderated by Rodney E. Rohde, PhD, 
MS, SM(ASCP), MB(ASCP), SV(ASCP), FACSc. 

OVERVIEW OF SARS-COV-2 
AND SUBVARIANTS
Subvariants of SARS-CoV-2 are currently identi-
fied using nomenclature from the Phylogenetic 
Assignment of Named Global Outbreak Lineages 
(PANGOLIN), a computational tool created to 
identify the most likely lineage of a SARS-CoV-2 
genome based on what is known as the PANGO 
dynamic lineage nomenclature scheme.1,2 The 
PANGO nomenclature assigns a letter (A or B) 
to the 2 major lineages of SARS-CoV-2 based on 
the nucleotides at position 8782 in open reading 
frame (ORF)1ab and 28144 in ORF8.2 Descendant 
lineages are given a numerical value based on 
“phylogenetic evidence of emergence from an 
ancestral lineage into another geographically 
distinct population, implying substantial onward 
transmission in that population.”1,2 

Although this nomenclature is used by 
researchers, remembering the scientific names 
for variants can be challenging for members of 
the media and general public.3 In May 2021, the 
World Health Organization (WHO) started to use 
letters from the Greek alphabet to help the general 
public track variants without associating them 
with the location in which they were first found. 
WHO recommends that national authorities, media 
outlets, and the general public use this naming 
system to standardize public communication and 
prevent stigmatization of places where the variants 
are first detected.3

“A lot of these viruses sometimes get named 
from their origin,” said Rohde. “We’ve tried to stop 
doing that so that we can quit [using] a geographic 
location or some other nomenclature that might be 
looked upon as a stigma.”

DEFINING VARIANTS OF INTEREST 
VS VARIANTS OF CONCERN
Although specific scientific names are generally 
not addressed in clinical practice, common circu-
lating variants, such as BA.5, may be addressed 
when discussing coverage of the new biva-
lent COVID-19 vaccine, said Madeline King, 
PharmD, BCIDP, and Wendy Wright, DNP, 
ANP-BC, FNP-BC, FAANP, FAAN, FNAP. 

“We also use the variants to talk about how 
genetically different COVID-19 is today from 
what it was 2½ years ago, making it a little less 
recognizable by those native vaccines that we 
gave, which is why it’s so important that our 
patients get the booster shots that are targeted 
toward what we’re seeing today,” said Wright.

Wright also noted that many patients have 
the impression that the Omicron variant is asso-
ciated with mild illness, but its extremely high 
transmissibility has led to high rates of hospi-
talization, particularly among individuals aged 4 
and younger. 

“We use this to have a conversation about 
what we’re seeing so that I can push people to 
get a vaccine, particularly the boosters that are 
out,” she said.

Distinguishing between variants of concern 
and variants of interest is also important for 
educating community members about whether 
a variant is likely to actually have a clinically 
important effect on disease, said Jacinda C. 
Abdul-Mutakabbir, PharmD. 

“A variant of interest may have more mutations 
than seen in previous variants but [that] are not 
concerning as far as the COVID-19 disease itself,” 
she said. “I tell them that [the variant of interest] 
is something [researchers are] going to look for 
more in laboratory testing.” 
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She then explains to patients that the reason 
Omicron is considered a variant of concern is 
because the mutations have substantially increased 
its transmissibility compared with earlier variants; 
Omicron’s mutations were the impetus for devel-
oping the bivalent vaccines. 

“We’ve gone from a variant of interest to a variant 
of concern [with Omicron],” said Abdul-Mutakabbir. 
“This is a problem we have to deal with. It’s 
important that we continue to use these terms and 
that we make the folks we talk with stakeholders of 
what these terms mean and how serious they can be 
in terms of COVID-19 and how it’s changing.”

IMPACT OF SARS-COV-2 
SUBVARIANTS ON VACCINATION
The Centers for Disease Control and Prevention 
defines a variant of interest as one with genetic 
markers that are associated with alterations in 
receptor binding, decreased neutralization by anti-
bodies developed in response to prior infection or 
vaccination, lower treatment efficacy, or potential 
effects on diagnosis or increase in transmissibility 
or disease severity.4 A variant of interest may be 
upgraded to a variant of concern (eg, the Omicron 
variant) if there is evidence of increased transmis-
sion; greater disease severity; considerable reduction 
of neutralization by antibodies developed through 
prior infection or vaccination; or decreased effective-
ness of treatments, vaccines, or diagnostic methods 
used for previous variants.4 A variant of high conse-
quence, which has not yet been observed, has clear 
data to show that the effectiveness of preventive 
or treatment strategies is substantially reduced 
compared with prior variants.4 

The emergence of multiple variants has presented 
growing challenges to vaccine uptake among patients, 

said Wright. Although the bivalent vaccine was an 
attempt to “get ahead of these variants,” patients are 
increasingly hesitant to receive it. 

“Those variants have made it tough for us to keep 
pushing people to continue to [receive a] booster,” 
she said. “We made a mistake when…we started 
giving the vaccines. We needed to have a 3-dose 
primary series and not call these booster shots. Many 
experts will say that we probably needed to give 1 
[dose], give another a month later, and give a third 
6 months later, as we do with many other vaccines.”

King also expressed concern that the percep-
tion of COVID-19 boosters becoming an annual 
need, much like the annual influenza vaccine, 
may increase reluctance regarding uptake among 
the general public, especially if vaccines are 
perceived to be ineffective for preventing infec-
tion. However, Wright noted that education 
around the COVID-19 vaccines and boosters has 
prompted changes in communication about how 
vaccines work in general. 

“We aren’t saying that it’s going to protect you 
from the disease,” said Wright. “We’re saying that 
the efficacy of these vaccines is around hospitaliza-
tions and moderate to severe disease. That’s how we 
need to change our flu messaging as well. Maybe 
COVID-19 has set the stage for that.”

Abdul-Mutakabbir added that being intentional 
in explaining the purpose of vaccinations and what 
the variants are and positioning trusted scientists as 
the experts are important for improving communi-
cation and increasing vaccine uptake.  

“As these subvariants occur, we need to have 
more protection and we need to make sure that 
we do what we can to build those antibodies 
back up,” she said. “It’s the conversation and the 
messaging. It’s how we package why these boosters 

are necessary. It’s important that we educate along-
side these rollouts.”

Rohde concluded that although there is misun-
derstanding among the general public about the 
mRNA technology used in the COVID-19 vaccines, 
the technology has allowed scientists to readily 
adjust and pivot their strategy to optimize the effec-
tiveness of the vaccine as variants arise. 

“We know all about some of the issues around 
vaccination and some of the hurdles people have to 
get them, but [evidence] shows that it’s critical to 
have them moving forward,” he said. ▲

References are available at 
ContagionLive.com

“We made a mistake. 
We needed to  
have a 3-dose 
primary series and 
not call these  
booster shots.”

—Wendy Wright, DNP, ANP-BC,  
FNP-BC, FAANP, FAAN, FNAP
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CASE STUDY

Final Diagnosis: Donor-Derived Staphylococcus 
Iugdunensis Endocarditis of Transplanted Heart  
by HUGH DAVIS, MD; and JAMES DONOVAN, MD
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FINAL DIAGNOSIS
Donor-derived Staphylococcus lugdunensis 
endocarditis of transplanted heart   

HISTORY OF PRESENT ILLNESS 
A 56-year-old man presented as a transfer 
from an outside hospital with cardiogenic 
shock from nonischemic cardiomyopathy for 
consideration of advanced therapies. Prior to 
presentation, he had been experiencing wors-
ening orthopnea, leg swelling, and dyspnea on 
exertion. He did not report any fevers, chills, 
nausea, vomiting, abdominal pain, difficulty 
with urination, diarrhea, dizziness, or loss of 
consciousness. At the time of transfer, the 
patient was in low-output heart failure with 
acute-on-chronic kidney injury. He did not 
respond to escalating doses of diuretic, and 
soon required transfer to the intensive care 
unit for intubation and milrinone infusion. He 
subsequently needed mechanical support 
with an Impella device. Transplant evaluation 
was also opened, and he was actively listed on 
hospital day 15. An organ offer became avail-
able on hospital day 21, and the patient under-
went orthotopic heart transplant.  The heart 
was explanted without issue. The donor heart 
was inspected, revealing vegetations present 
on the right atrial wall. These were removed 
and the heart was irrigated. After removal 
of the vegetations, the surgery team sent 
the vegetation to pathology and continued 

with the procedure. The remainder of the 
procedure was uneventful, and the patient 
was transported to the cardiac care unit in 
stable condition. 

MEDICAL HISTORY
The patient had a medical history of nonisch-
emic dilated cardiomyopathy, ventricular 
tachycardia with biventricular implantable 
cardioverter-defibrillator (ICD), atrial fibril-
lation, aortic valve endocarditis in 2010 with 
bioprosthetic aortic valve replacement and 
again in 2016 for restenosis, and chronic 
kidney disease.

KEY MEDICATIONS 
Medications included amiodarone, aspirin, 
bumetanide, and milrinone.

EPIDEMIOLOGIC FACTORS
The patient primarily worked as a marine 
mechanic but had been disabled for 
years.  He had no history of tobacco or 
illicit drug use but did have a significant 
history of ethanol use.  There was no family 
history of cardiac conditions. The patient’s 
donor was a 49-year-old woman from the 
mid-Atlantic area with a medical history of 
obesity, epilepsy, and diabetes. The cause 
of death was anoxic brain injury due to 
out-of-hospital cardiac arrest and prolonged 
resuscitation time.  A screening coronary 

angiogram and transesophageal echocardio-
gram revealed no issues with the donor heart. 

PHYSICAL EXAMINATION
On admission to the hospital, the patient was 
afebrile with a pulse rate of 74, a blood pres-
sure reading of 104/69 mm Hg, and oxygen 
saturation of 96% breathing ambient air. The 
patient appeared somnolent. His exam was 
notable for elevated jugular venous pres-
sure, diminished breath sounds, and pitting 
lower-extremity edema. 

STUDIES (RELEVANT LABORATORY 
FINDINGS WITH UNITS OF 
MEASUREMENT AND NORMAL 
REFERENCE RANGES, RADIOLOGY 
FINDINGS, AND OTHER STUDIES 
RELEVANT TO THE CASE) 
Initial studies were notable for a sodium 
level of 124 mmol/L (reference range, 136-145 
mmol/L), a creatinine level of 1.78 mg/dL 
(reference range, 0.76-1.27 mg/dL), and a 
white blood cell count of 5500/µL (reference 
range, 4000-11,000/µL). Right heart cathe-
terization showed the following: markedly 
elevated pulmonary capillary wedge pressure, 
mildly elevated systemic vascular resistance, 
moderately elevated pulmonary vascular 
resistance, severely depressed cardiac index, 
markedly elevated pulmonary artery pressure, 
and elevated right atrial pressure. 

HUGH DAVIS, MD

Davis is a resident, 
Internal Medicine, Temple 
University Hospital

JAMES DONOVAN, MD

Donovan is a fellow, 
Infectious Disease, 
Temple University 
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HOSPITAL COURSE 
The transplant infectious disease (ID) service was 
consulted 3 times during the hospitalizations. The first 
occurrence was during the preoperative period. The 
surgery team wanted to know if additional precautions 
needed to be taken because of the recipient’s history 
of endocarditis. The team noted that the imaging and 
cultures showed no evidence of infection. They recom-
mended postoperative prophylaxis and continuing with 
transplantation. Post transplant, the transplant ID team 
was reconsulted for the vegetation found during the 
procedure. Per recommendations, the patient was 
started on vancomycin, cefepime, and doxycycline 
as empiric treatment for endocarditis. Routine blood 
cultures collected immediately after surgery were 
without growth after 5 days, as were blood cultures 
collected from the donor prior to organ procure-
ment. IgM and IgG testing for Coxiella, Brucella, and 
Bartonella were negative. A decision was made to treat 
the patient empirically for 6 weeks. Transplant medica-
tions included basiliximab, steroids, and tacrolimus in 
addition to prophylactic valganciclovir and nystatin. A 
transesophageal echocardiogram revealed good graft 
function and no evidence of endocarditis. The patient 
was able to be extubated 3 days after transplant. The 
transplant ID team was consulted a third time after 
fungal blood cultures collected immediately post trans-
plant grew Staphylococcus lugdunensis after 12 days of 
incubation. The vegetations removed from the donor 
heart were collected in formalin and unable to be 
sent for culture; however, a pathology report noted 
fibrinopurulent debris, and Gram stain of the sample 
revealed gram-positive cocci in pairs. After this result, 
and confirmation of susceptibilities from the fungal 
blood culture, antibiotics narrowed to cefazolin to 
complete a 6-week course. 

DISCUSSION 
We present an unexpected transmission of endocar-
ditis in heart transplantation. Based on the docu-
mentation from the donor organs, the donor heart 
had no hemodynamic irregularities or vegetations 
on prescreening. The vegetation was adhered to the 
right atrial wall, not perivalvular, which may have 
contributed to lack of detection by echocardiography. 
S lugdunensis is more virulent than other coagulase 
negative species and is well known to cause endocar-
ditis.1-4 The organ donor had no risk factors to develop 
endocarditis that we could identify, except placement 
of intravenous catheters prior to organ harvesting. 
This organism grew only from fungal blood cultures, 
as these cultures incubate longer (typically 14 days vs 
5 days for routine) and inoculum would have been 
low after surgical removal and washing of vegetations.

Upon review of the literature, findings from one 
study revealed that about 16% of donor organs 
had bacterial donor-derived infections because of 
intensive care and invasive resuscitative efforts.11 
Although these infections are not common, they 
might occur more often than we appreciate. 
These infections can result in potentially fatal 
early posttransplant complications, such as bacte-
remia, myocarditis, and mycotic aneurysms.11 
Staphylococcus aureus, Pseudomonas aeruginosa, 
and Candida species are the most common culprit 
organisms.11 Sepsis and infections are not absolute 
contraindications to organ donation.11 The hope 
is that donor organ infections are detected pre 
mortem, with antimicrobial therapy to reduce the 
risk of transmission.12

A study by Lumbreras et al looked at the signif-
icance of unrecognized bacteremia in the organ 
donor on the outcome of transplant recipients.12 

This was determined by blood culture results that 
were reported to be positive after transplantation. 
The study focused primarily on liver transplants 
but about 5% of heart donors had bacteremia at 
the time of organ procurement, but without docu-
mented transmission of the isolated bacteria from 
the donor to the recipient. The authors’ takeaway 
was that unrecognized bacteremia in the donor did 
not have a significant effect on the outcome of organ 
transplant recipients.

In this case, it also did not have a meaningful effect 
on the clinical outcome due to the removal of the 
vegetations pre transplant as well as protocol-based 
broad spectrum antimicrobials. Antithetically, this 
case gives uncomfortable insight into a gap in early 
detection of infections in immunocompromised, 
high-risk patient populations. It highlights current 
limitations to donor evaluation of potential infec-
tions. One of the most common barriers is the narrow 
period to screen, place, and procure the organs.13

This case may provide an additional insight 
into the utility of donor organ screening involving 
in-person visualization of the organ and its internal 
structure. The recipient transplant surgeon found 
the vegetation from in-person examination of 
the organ. It will be hard to determine whether 
this prescreening is clinically significant based 
on the rare nature of this case, but this small 
additional donor organ screening could prevent 
future bacterial and fungal drug-drug interaction 
(DDI). Additionally, this case highlights the growing 
clinical utility of 16S rRNA sequencing in endocar-
ditis and heart transplant. 

References are available at 
ContagionLive.com

Check out our new Hepatitis Resource Center on the 
Contagion ® website. From breaking news to studies to 
interviews with thought leaders and investigators,  
learn about the latest in research and clinical care. 
Scan the QR code or visit contagionlive.com/clinical/hcv-hepatitis to learn more
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Primary care was front and center when 
telehealth use swelled in federal health 
care programs during the first year of the 

COVID-19 pandemic.
Offices of inspectors general (OIGs) from 

6 federal departments and agencies collabo-
rated on the study Insights on Telehealth Use 
and Program Integrity Risks Across Selected 
Health Care Programs During the Pandemic. 
The study, whose results were published in 
November 2022 by the US Department of 
Health and Human Services (HHS) Pandemic 
Response Accountability Committee (PRAC), 
examined telehealth use along with risks 
of fraud, waste, and abuse across 6 federal 
programs involved in health care.

The overall result is probably not a surprise: 
Telehealth use skyrocketed when medical 
offices cautioned patients to stay away and 
patients feared infection.

From March 2020 to February 2021, the 
report indicated, 37 million patients had used 
telehealth services, up from 3 million in the 
12 months prior. The pandemic-year programs 
cost an estimated $6.2 billion.

In yearly comparison, Medicare had the 
greatest growth, with telehealth patients 
ballooning from 341,000 to 28 million, 
accounting for $5.1 billion in telehealth care 
costs in the first year of the COVID-19 pandemic.

In Medicare and 4 other federal health care 
programs, primary care, or office visits with 
primary care clinicians or specialists, ranked 
as the most common use of telehealth.

MORE RESEARCH NEEDED
The PRAC noted that its report did not cover 
every federal health care program or agency, 
but the figures could be important for public 
debate on future telehealth regulations.

“The PRAC’s approach—involving multiple 
OIGs to provide insights on issues that cut 
across federal agencies—provides a unique 
opportunity to assess how big changes 
in health care may affect multiple federal 
programs and the people they serve,” said 
Christi A. Grimm, inspector general of the 
HHS, in a news release. HHS oversees Medicare 
spending, and Grimm also leads the PRAC 
Health Care Subgroup.

“The rapid changes and growth of telehealth 
during the pandemic raised a lot of questions, 
and this report provides objective and indepen-
dent information to policy makers and other 
stakeholders as they consider the future of 
telehealth,” Grimm said.

Although the effectiveness of telehealth 
has been studied, federal regulators said the 
programs did not have “complete, reliable data” 
on quality of care and billing, which are “critical to 
conducting oversight of fraud, waste, and abuse.”

OTHER AGENCIES
Other agencies and programs included in the 
study were the TRICARE health care program 
for military members and their families, 
Federal Employees Health Benefits Program 
in the Office of Personnel Management 
(OPM), Veterans Health Administration (VHA), 
the Department of Labor (DOL) Workers’ 
Compensation Programs, and the Department 
of Justice Bureau of Prisons (DOJ-BOP) prisoner 
health care services. DOJ-BOP listed psychiatry 
as its main use for telehealth, the only one of 
the 6 agencies that did not include primary care 
among the most common type of telehealth 
services during the study time.

The VHA had the greatest proportion of 
telehealth users, with 87% of veterans using 
telehealth. For Medicare, 43% of patients used 
telehealth services, lower than TRICARE (49%) 
but more than the Federal Employee Benefits 
Program (40%), DOL Workers’ Compensation 
Programs (11%), and DOJ-BOP (2%), the federal 
study noted.

It appeared telehealth already was estab-
lished in VHA care, because VHA had 2.3 million 
telehealth users before the pandemic, growing 
to 4.8 million in the first year of the pandemic.

FRAUD RISKS
The inspectors general identified “integrity risks” 
that were similar across multiple programs. 
For example, HHS, OPM, and DOL identi-
fied providers that billed at the highest level 
of service for a large proportion of telehealth 
services. HHS identified more than 300 Medicare 
providers who billed for telehealth services at 
the highest, most expensive level every time, 
totaling about $5.2 million. 

Primary Care Was Top Telehealth Use  
for Federal Health Programs in First Year  
of COVID-19 Pandemic 
by RICHARD PAYERCHINDEEP DIVE ™: DEEP DIVE INTO RBX2660

The FDA has approved RBX2660 for the prevention of recurrent Clostridioides 
difficile infection, making it the first approved live microbiota therapeutic. Sahil 
Khanna, MBBS, MS, an investigator on the PUNCHCD3 study (NCT03244644) 
testing the product, spoke about the excitement generated by the drug and why 
it might result in a significant reduction in C difficile cases in coming years.

WELLBEING CHECKUP ™: COFFEE BEAN 
SPARKING CREATIVITY

In this episode of Wellbeing Checkup™, Lawrence Steinman, MD, joins the 
show to share his inspiration for going to work in the morning and the 
secret to keeping a spark of creativity throughout the workday.

AFTER HOURS ®: BOOSTING BRAIN HEALTH 
THROUGH MUSIC

“I find music is really a key instrument in regulating my brain health in all sorts 
of different ways.” In this installment of After Hours®, Harris A. Eyre, MD, PhD, 
shares how listening to different types of music helps him in both productivity 
and relaxation.

 VIEW MORE
medicalworldnews.com

IN THE NEWS

Read the rest of the story here by scanning the QR 
code.  This story was originally published in our 
sister publication, Medical Economics®.
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REBYOTATM (fecal microbiota, live - jslm) suspension, for rectal 
use

Brief Summary Please consult package insert for full Prescribing 
Information

INDICATIONS 
REBYOTA is indicated for the prevention of recurrence of 
Clostridioides dif� cile infection (CDI) in individuals 18 years of 
age and older following antibiotic treatment for recurrent CDI. 
Limitation of Use: REBYOTA is not indicated for treatment of CDI.

CONTRAINDICATIONS
Do not administer REBYOTA to individuals with a history of a 
severe allergic reaction (e.g. anaphylaxis) to any of the known 
product components.

Each 150mL dose of REBYOTA contains between 1x108 and 
5x1010 colony forming units (CFU) per mL of fecal microbes 
including >1x105 CFU/mL of Bacteroides, and contains not 
greater than 5.97 grams of PEG3350 in saline.

WARNINGS AND PRECAUTIONS
Transmissible infectious agents: Because REBYOTA is 
manufactured from human fecal matter it may carry a risk of 
transmitting infectious agents. Any infection suspected by a 
physician possibly to have been transmitted by this product 
should be reported by the physician or other healthcare provider 
to Ferring Pharmaceuticals Inc. 

Management of acute allergic reactions: Appropriate medical 
treatment must be immediately available in the event an acute 
anaphylactic reaction occurs following administration of REBYOTA.

Potential presence of food allergens: REBYOTA is manufactured 
from human fecal matter and may contain food allergens. The 
potential for REBYOTA to cause adverse reactions due to food 
allergens is unknown.

ADVERSE REACTIONS
The most commonly reported (≥ 3%) adverse reactions occurring 
in adults following a single dose of REBYOTA were abdominal pain, 
(8.9%), diarrhea (7.2%), abdominal distention (3.9%), � atulence 
(3.3%), and nausea (3.3%). 

Clinical Trials Experience: The safety of REBYOTA was evaluated 
in 2 randomized, double-blind clinical studies (Study 1 and Study 
2) and 3 open-label clinical studies conducted in the United States 
and Canada. A total of 978 adults 18 years of age and older with 
a history of 1 or more recurrences of Clostridioides dif� cile (CDI) 
infection and whose symptoms were controlled 24 – 72 hours 
post-antibiotic treatment were enrolled and received 1 or more 
doses of REBYOTA; 595 of whom received a single dose of 
REBYOTA.

Adverse Reactions: Across the 5 clinical studies, participants 
recorded solicited adverse events in a diary for the � rst 7 days 
after each dose of REBYOTA or placebo. Participants were 
monitored for all other adverse events by queries during scheduled 
visits, with duration of follow-up ranging from 6 to 24 months after 
the last dose. In an analysis of solicited and unsolicited adverse 
events reported in Study 1, the most common adverse reactions 
(de� ned as adverse events assessed as de� nitely, possibly, or 

probably related to Investigational Product by the investigator) 
reported by ≥3% of REBYOTA recipients, and at a rate greater than 
that reported by placebo recipients, were abdominal pain, (8.9%), 
diarrhea (7.2%), abdominal distention (3.9%), � atulence (3.3%), 
and nausea (3.3%).Most adverse reactions occurred during the 
� rst 2 weeks after treatment. After this, the proportion of patients 
with adverse reactions declined in subsequent 2-week intervals. 
Beyond 2 weeks after treatment only a few single adverse 
reactions were reported. Most adverse drug reactions were 
mild to moderate in severity. No life-threatening adverse reaction 
was reported. 

Serious Adverse Reactions - In a pooled analysis of the 5 clinical 
studies, 10.1% (60/595) of REBYOTA recipients (1 dose only) and 
7.2% (6/83) of placebo recipients reported a serious adverse event 
within 6 months post last dose of investigational product. None 
of these events were considered related to the investigational 
product.

USE IN SPECIFIC POPULATIONS
Pregnancy:  REBYOTA is not absorbed systemically following 
rectal administration, and maternal use is not expected to result in 
fetal exposure to the drug.

Lactation: REBYOTA is not absorbed systemically by the mother 
following rectal administration, and breastfeeding is not expected 
to result in exposure of the child to REBYOTA.

Pediatric Use: Safety and effectiveness of REBYOTA in individuals 
younger than 18 years of age have not been established.

Geriatric Use: Of the 978 adults who received REBYOTA, 48.8% 
were 65 years of age and over (n=477), and 25.7% were 75 years 
of age and over (n=251). Data from clinical studies of REBYOTA 
are not suf� cient to determine if adults 65 years of age and older 
respond differently than younger adults

For more information, visit www.REBYOTAHCP.com

You are encouraged to report negative side effects of 
prescription drugs to FDA. Visit www.FDA.gov/medwatch, or call 
1-800-332-1088. 

Manufactured for Ferring Pharmaceuticals by Rebiotix, Inc. 
Roseville, MN 55113

US License No. 2112

9009000002

Rx Only

Ferring and the Ferring Pharmaceuticals logo are registered 
trademarks of Ferring B.V. 
REBYOTA is a trademark of Ferring B.V. ©2022 Ferring B.V.

This brief summary is based on full Rebyota Prescribing 
Information which can be found at www.RebyotaHCP.com

US-REB-2200277



Where dysbiosis once left the gut microbiome in ruin,

RISE ABOVE RECURRENT 
C. DIFFICILE INFECTION
and restore hope with REBYOTATM

RESTORE HOPE

aIn the pivotal phase 3 trial, 32.8% of patients were treated at fi rst recurrence of CDI following antibiotic treatment of CDI.1

The fi rst and only FDA-approved microbiota-based live 
biotherapeutic to prevent recurrence of C. diffi cile infection 
starting at fi rst recurrence.1,2,a

Scan to 
visit website

Ferring and the Ferring Pharmaceuticals logo are registered 
trademarks of Ferring B.V. REBYOTA is a trademark of Ferring B.V.
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INDICATION
REBYOTA (fecal microbiota, live - jslm) is indicated for 
the prevention of recurrence of Clostridioides difficile 
infection (CDI) in individuals 18 years of age and older,  
following antibiotic treatment for recurrent CDI.
Limitation of Use
REBYOTA is not indicated for treatment of CDI.

IMPORTANT SAFETY INFORMATION
Contraindications
Do not administer REBYOTA to individuals with a history 
of a severe allergic reaction (eg, anaphylaxis) to any of 
the known product components.
Warnings and Precautions
Transmissible infectious agents
Because REBYOTA is manufactured from human fecal 
matter, it may carry a risk of transmitting infectious 
agents. Any infection suspected by a physician possibly 
to have been transmitted by this product should be 
reported by the physician or other healthcare provider 
to Ferring Pharmaceuticals Inc.
Management of acute allergic reactions
Appropriate medical treatment must be immediately 
available in the event an acute anaphylactic reaction 
occurs following administration of REBYOTA.
Potential presence of food allergens
REBYOTA is manufactured from human fecal material 
and may contain food allergens. The potential for 
REBYOTA to cause adverse reactions due to food 
allergens is unknown.

Adverse Reactions
The most commonly reported (≥3%) adverse reactions 
occurring in adults following a single dose of REBYOTA 
were abdominal pain (8.9%), diarrhea (7.2%), abdominal 
distention (3.9%), flatulence (3.3%), and nausea (3.3%).
Use in Specific Populations
Pediatric Use
Safety and efficacy of REBYOTA in patients below 
18 years of age have not been established.
Geriatric Use
Of the 978 adults who received REBYOTA, 48.8% were 
65 years of age and over (n=477), and 25.7% were 
75 years of age and over (n=251). Data from clinical 
studies of REBYOTA are not sufficient to determine if 
adults 65 years of age and older respond differently 
than younger adults.

You are encouraged to report negative side 
effects of prescription drugs to FDA. Visit 
www.FDA.gov/medwatch, or call 1-800-332-1088. 

Please see Brief Summary on next page and full 
Prescribing Information at www.REBYOTAHCP.com.
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