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Clostridioides difficile

colony-forming units

Clinical Laboratory Fee Schedule

Clinical Laboratory Improvement Amendments

Clinical and Laboratory Standards Institute

Centers for Medicare & Medicaid Services
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xxii ACRONYMS AND ABBREVIATIONS

COVID-19 coronavirus disease 2019

CPT Current Procedural Terminology

CRE carbapenem-resistant Enterobacterales

DARPA Defense Advanced Research Projects Agency

DNA deoxyribonucleic acid

DRG Diagnosis Related Group

E. Coli Escherichia coli

ED emergency department

ESBL extended spectrum beta-lactamase

EU European Union

EUA Emergency Use Authorization

EUCAST European Committee on Antimicrobial Susceptibility
Testing

FDA U. S. Food and Drug Administration

HHS Health and Human Services

IDEA Innovation + Design Enabling Access

IDSA Infectious Diseases Society of America

IRB institutional review board

IRS Internal Revenue Service

ITAP Independent Test Assessment Program

v intravenous

LDTs laboratory developed tests

LMIC low- and middle-income countries

MALDI-TOF MSMatrix Assisted Laser Desorption Ionization Time of
Flight Mass Spectrometry

MAAP Mapping Antimicrobial Resistance and Antimicrobial Use
Partnership

MDR multidrug resistant

MIPS Merit-Based Incentive Payment System

mNGS metagenomic next generation sequencing

MRSA methicillin-resistant Staphylococcus aureus

MSF Meédecins Sans Frontieres/Doctors Without Borders

MTB Mycobacterium tuberculosis

NG Neisseria gonorrhoeae

NGS next generation sequencing
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ACRONYMS AND ABBREVIATIONS Xxiil
NIAID National Institute of Allergy and Infectious Diseases

NIH National Institutes of Health (U.S.)

NLA National Limitation Amounts

NTAP new technology add-on payment

NWSS National Wastewater Surveillance System

OECD Organization for Economic Cooperation and Development

PACCARB  Presidential Advisory Council on Combating Antibiotic-
Resistant Bacteria

PCR polymerase chain reaction

PCS Pre-Clinical Services

POC point-of-care

RADx Rapid Acceleration of Diagnostics
R&D research and development

RAPIDS GN Randomized Trial Evaluating Clinical Impact of Rapid
Identification and Susceptibility Testing for Gram-negative
Bacteremia

RCT randomized controlled trial

REASSURED real-time connectivity, ease of specimen, affordable,
sensitive, specific, user-friendly, rapid, equipment-free, and

deliverable
RIF rifampin
RSV respiratory syncytial virus
SALSA Saving Access to Laboratory Services Act
SARS-CoV-2  severe acute respiratory syndrome coronavirus 2
STIs sexually transmitted infections

SUL-DUR sulbactam-durlobactam

UTI urinary tract infection

VA Department of Veterans Affairs
VRE Vancomycin-resistant enterococci
WHO World Health Organization
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Introduction

The use and misuse of antibiotics contributes to the rise in drug-
resistant bacteria—a serious and worsening threat to human health.
Addressing the problem of antibiotic resistance requires measures to spur
innovation and ensure the prudent use of existing drugs. The development
and use of rapid point-of-care diagnostics in the healthcare setting plays an
important role in avoiding unnecessary use of antimicrobials by providing
clinicians with the right information at the right time to help them make
decisions about appropriate drug treatment for patients. Diagnostics also
have the capacity to support early detection and diagnosis of drug-resistant
bacterial infections, enable disease surveillance, and help prevent disease
spread.

On October 13th and 14th of 2022, a workshop entitled Accelerating
the Development and Uptake of Rapid Diagnostics to Address Antibiotic
Resistance was convened by the National Academies’ Forum on Drug Dis-
covery, Development, and Translation;' the Forum on Medical and Public
Health Preparedness for Disasters and Emergencies;> and the Forum on
Microbial Threats.? The workshop provided a venue for stakeholders to
discuss the current landscape of rapid diagnostics and to address antibiotic
resistance, consider challenges and opportunities for spurring innovation,

1 See https://www.nationalacademies.org/our-work/forum-on-drug-discovery-development-
and-translation (accessed January 25, 2023).

2 See https://www.nationalacademies.org/our-work/forum-on-medical-and-public-health-
preparedness-for-disasters-and-emergencies (accessed January 25, 2023).

3 See https://www.nationalacademies.org/our-work/forum-on-microbial-threats (accessed
January 25, 2023).
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and consider practical next steps for accelerating the development and
uptake of new diagnostic tools. Given the breadth and depth of the issues
related to diagnostic development and use, the focus of this workshop was
on U.S.-based healthcare settings, policies, and incentives. Workshop par-
ticipants discussed some of the global implications and considerations as
well, which merit further time and attention.

Kent E. Kester (Vice President, Translational Medicine, International
AIDS Vaccine Initiative) and Betsy Wonderly Trainor (Alliance Director,
CARB-X), welcomed workshop participants, some of whom attended in
person in Washington, D.C. and some virtually. Trainor began by sharing her
thoughts on the issue and emphasized that the use and misuse of antibiotics
continues to contribute to the rise in drug-resistant bacteria. Antibiotic resis-
tance—which occurs when bacteria develop the “ability to overcome the
effects of drugs designed to kill or disarm them—is one of the greatest public
health threats” today. According to the World Health Organization (WHO),
over 700,000 annual deaths worldwide can be attributed to drug-resistant
bacterial infections, and this number is growing (WHO, 2019).# To keep up
with antibiotic resistance, researchers need to produce several innovative
antibiotics every decade, but it currently takes between 10 and 15 years to
produce a single new antibiotic (WHO, 2022a). Addressing the problem of
antibiotic resistance requires not only measures to accelerate the discovery
and development of new antibiotics but also efforts to ensure that existing
antibiotics are properly used and prescribed.

Rapid diagnostics can play a crucial role in reducing the unnecessary
use of antibiotics, said Trainor, by providing clinicians with the right infor-
mation at the right time so they can make better decisions about appropri-
ate treatment for patients. Additionally, early detection and diagnosis of
drug resistant bacterial infections can further enable disease surveillance
and help prevent disease spread. There are several rapid diagnostics avail-
able today, and more are in the pipeline, but few have been adopted by the
healthcare system. Trainor suggests several reasons for the lack of uptake,
including regulatory hurdles, misaligned economic incentive, and health
inequities. Addressing the problem of antibiotic resistance, she said, will
require innovative approaches and cross-sector collaborations that bring
together the scientific, medical, regulatory, diagnostic, pharmaceutical,
payer, and patient advocacy communities.

The workshop was planned according to a Statement of Task (Box 1-1)
and builds upon previous works of the National Academies, including past

4 To view the WHO report, see https://www.who.int/news/item/29-04-2019-new-report-
calls-for-urgent-action-to-avert-antimicrobial-resistance-crisis (accessed March 13, 2023).
Other estimates suggest deaths associated with AMR are much higher, see https://doi.
org/10.1016/50140-6736(21)02724-0 (accessed March 13, 2023).
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BOX 1-1
Statement of Task

An ad hoc planning committee? under the auspices of the National Academies
of Sciences, Engineering, and Medicine, will organize a two-day public workshop to
discuss the current landscape of rapid diagnostics to address antibiotic resistance,
consider challenges and opportunities for spurring innovation, and discuss practical
next steps for accelerating the development of new diagnostic tools. The public
workshop will feature invited presentations and discussions to:

e Examine the current state of rapid diagnostic development, including exam-
ples of successes and limitations of current approaches.

e Consider the unique challenges for the development and use/uptake of
rapid diagnostics in health care settings (e.g., feasibility of clinical utility
studies).

o Consider gaps that rapid diagnostics may be best suited to address (e.g.
tools to support targeted treatment decisions in the health care setting,
tools to enable real-time surveillance based on routine hospital data).

e Discuss practical short- and long-term opportunities for spurring the devel-
opment and uptake of new diagnostics that can help address antibiotic
resistance.

The planning committee will organize the workshop, develop the agenda,
select and invite speakers and discussants, and moderate or identify modera-
tors for the discussions. Proceedings of the presentations and discussions at
the workshop will be prepared by a designated rapporteur in accordance with
institutional guidelines.

2The planning committee’s role was limited to planning the workshop, and the Proceedings
of a Workshop has been prepared by the workshop rapporteurs as a factual summary of
what occurred at the workshop. Statements, recommendations, and opinions expressed are
those of individual presenters and participants and are not necessarily endorsed or verified
by the National Academies of Sciences, Engineering, and Medicine, and they should not be
construed as reflecting any group consensus.

workshops on Antibiotic Resistance: Implications for Global Health and
Novel Intervention Strategies (2010); Technological Challenges in Antibiotic
Discovery and Development (2014); and Combating Antimicrobial Resis-
tance: A One Health Approach to a Global Threat (2017). In addition
to these workshops, a recent National Academies consensus report, titled
Combating Antimicrobial Resistance and Protecting the Miracle of Modern
Medicine (2022), offered recommendations for improving the detection of
resistant infections, incentivizing the development of drugs and diagnostics,
and the role of the United States in coordinating global action to combat
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4 DEVELOPMENT AND UPTAKE OF RAPID DIAGNOSTICS

microbial resistance. While much work has been done in this space, Kester
emphasized that “more needs to be done.”

This workshop proceedings largely follows the organization of the
workshop agenda, found in Appendix A. All speaker biographies can be
found in Appendix B. Chapter 2 provides an overview of the current state of
rapid diagnostics and examines how these tools might fit into the healthcare
system. Chapter 3 summarizes discussions about challenges and opportu-
nities for the development and use of rapid diagnostics. Chapter 4 exam-
ines incentives and disincentives for the development of new antibiotics
and complementary diagnostics, and Chapter 5 considers health equity
implications in this area. Chapter 6 explores approaches to facilitate the
adoption of rapid diagnostics by health care systems, including integration
with antibiotic stewardship programs. Finally, Chapter 7 looks at the path
forward, summarizing input from workshop participants on practical and
potential opportunities for spurring the development and use of rapid diag-
nostics in healthcare settings.

PREPUBLICATION COPY—Uncorrected Proofs

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/27008

Accelerating the Development and Uptake of Rapid Diagnostics to Address Antibiotic Resistance: Proceedings ...

Exploring the Need for
Rapid Diagnostics

Key Points Made by Individual Speakers:

¢ Antibiotics are becoming rare as a class of therapy, but the dis-
eases they treat are common. (Burnam)

e Providers have an ethical obligation to their patients to provide
the right treatment at the right time, with full informed consent.
The current system of antibiotic testing and treatment does not
meet this obligation. (Cohen)

e Traditional tests for antibiotic resistance or susceptibility are
slow, but emerging innovations hold promise for rapid point-
of-care testing. (Carroll)

e There are tradeoffs to consider across the different approaches
for antibiotic resistance and susceptibility testing. (Whiteford)

e Lengthy and unpredictable pathways for coverage, coding, and
payment for rapid diagnostics are barriers to the development
and uptake of these products for testing antibiotic resistance and
susceptibility. (Van Meter)

Karen C. Carroll (Director, Division Medical Microbiology and Professor
of Pathology, Johns Hopkins University School of Medicine) provided an
overview of the current state of rapid diagnostic development and gaps that
rapid diagnostics might be best suited to address (e.g., to support targeted
treatment decisions or to enable real-time surveillance). Workshop speakers

5
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6 DEVELOPMENT AND UPTAKE OF RAPID DIAGNOSTICS

then discussed how rapid diagnostics fit into the healthcare system and how
“success” in this area could be defined.

Antimicrobial resistance (AMR) is ranked by the WHO as one of the
top ten global public health threats facing humanity (WHO, 2021). By
2050, it is projected that AMR will be responsible for 10 million deaths
and a loss of $100 trillion to the global economy due to loss of productivity
(O’NeEeill, 2016). In the United States alone, there are 2.8 million antibiotic-
resistant infections each year, resulting in 35,000 deaths. Further, some of
the most urgent threats to health, according to Carroll, include multi-drug
resistant gram-negative bacteria (e.g., carbapenem-resistant Acinetobacter,
Enterobacterales), drug-resistant Neisseria gonorrboeae (NG), Candida
auris, and Clostridioides difficile (C. diff) (CDC, 2019a). The coronavirus
disease 2019 (COVID-19) pandemic has exacerbated the global AMR
crisis, she added.

Patient Perspective

“I was the kid who invented his own cure for a nonhealing wound
caused by a relentless, antibiotic-resistant infection,” said Bradley Burnam
(AMR survivor and Founder, Turn Therapeutics). Burnam contracted an
antimicrobial-resistant skin infection while working in hospitals as a device
representative, which resulted in months of pain, surgeries, and antibiotic
treatment. He ultimately developed his own ointment that put an end to
the recurring infections. However, the “romantic tales of garage laborato-
ries” do not tell the full story, said Burnam. The stories did not adequately
describe the fear of seeing half of his face purple with a double-in-size
cellulitic ear or mention the infectious disease specialist who advised emer-
gency surgery and a powerful course of intravenous (IV) antibiotics. “They
don’t talk about the sound of the scalpel cutting, scraping” for hours, or
“describe the smell of the electrocautery” from burning tissue, he said. The
stories do not mention that no anesthesiologist was available to numb his
senses, or that it took nearly two hours to affix 50 stiches to piece his face
back together. They did not speak to the months of antibiotic treatment and
the effects on his gut or the four months he spent with deep abscesses in his
face and skull that were packed with gauze and topical antibiotics. These
“antiquated tools offered nothing but allergic responses and occasional
comfort,” said Burnam.

Sadly, he said, the story of his hospital-acquired infection is not uncom-
mon; thousands of patients suffer from drug-resistant infections each year.
A future in which the supply of antibiotics no longer keeps pace with the
organisms is a real and current scenario: humans did not administer the first
dose of a systemic antibiotic until 1941, and it took microbes less than a
decade to defeat it (Dhingra et al., 2020).
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As a patient, said Burnam, he is angry that in the last 20 years there
have been only four new antibiotic class drugs approved. At the current
pace of drug approval, resistant mutations could develop before a new anti-
biotic is approved. According to Burnam, it may be time to take dramatic
steps. For example, antibiotic resistance could be declared a national health
emergency, opening pathways for Emergency Use Authorization (EUA)
of drugs and devices. Legislation could be passed that would incentivize
investors to deploy capital and support the economic viability of AMR
products. Antibiotics are becoming rare as a class of therapy, said Burnam,
but the diseases they treat are common. Burnam suggests that investors and
developers “love orphan drugs” because of the lower hurdles to completing
clinical trials, high rate of reimbursement, and longer exclusivity periods.
In contrast, antibiotics do not benefit from federal incentives such as EUA,
expedited review, transferable exclusivity vouchers, orphan drug designa-
tions, tax incentives, and reimbursement subsidies.

Bioethics Perspective

Treatment decisions involving antibiotics—including whether to pre-
scribe an antibiotic, which antibiotic to use, and the appropriate duration
of use—are incorrect in 30 to 50 percent of cases, said Tracey L. Cohen
(Distinguished Visiting Scholar, Institute for Bioethics & Health Policy,
University of Miami Miller School of Medicine) (Ventola, 2015). When
clinicians are unable to rapidly identify a causative pathogen, this may lead
to the following scenarios:

e a patient is prescribed an antibiotic that is unwarranted (e.g., for a
viral infection);
a patient is prescribed an incorrect antibiotic;
a patient is prescribed a powerful, broad-spectrum antibiotic to
cover the widest range of possible bacteria;
a patient is denied antibiotics until test results are available;
a patient is denied antibiotics altogether.

In each of these scenarios, said Cohen, healthcare providers are harm-
ing their patients. Giving the wrong antibiotic or broad-spectrum antibiotics
increase the risk of resistance within the patient, which increases the
likelihood of treatment failure. Delaying or denying treatment can lead
to deterioration of the condition and/or dangerous complications (e.g.,
bronchitis leading to pneumonia, strep leading to heart damage). The harms
that result from improper antibiotic decision-making violate the bioethical
duties that healthcare providers owe to their patients, said Cohen. These
duties include the responsibility of beneficence (to do good, to heal) and
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non-maleficence (to do no harm). In addition, the healthcare provider’s duty
to respect the patient’s autonomy is infringed. Cohen explained that patients
are owed the right to full informed consent, which includes the risks and
benefits of a proposed treatment and of any alternatives. However, when
providers are lacking information about pathogens, patients are not given
accurate information about risks, benefits, and alternatives. This results in
patients relying on treatment plans to their detriment, emphasized Cohen.

Rapid point-of-care diagnostics, said Cohen, can help ensure that treat-
ment decisions are made based on empirical data rather than supposition.
They could assist providers in upholding their bioethical duties to patients,
while also helping to combat the antibiotic resistance crisis. Cohen pointed
out that pharmaceutical and biotechnology companies also have an obliga-
tion of non-maleficence; they should ensure that rapid diagnostics do not
sacrifice accuracy for speed because inaccurate results can lead to harmful
treatment decisions.

New diagnostics may be significantly more expensive than traditional
methods, a distinction that requires bioethical and equity considerations
among several different parties according to Cohen. Healthcare providers
and institutions must offer life-saving diagnostics to all patients, regard-
less of their ability to pay. Pharmaceutical and biotechnology companies
should find ways to keep costs low to promote accessibility. State and fed-
eral governments have an ethical obligation to help forestall the antibiotic
resistance crisis to ensure the health of citizens. These stakeholders should
work towards subsidizing rapid tests (as happened with COVID-19) to
ensure they are available to all. Further, governments should ensure that
diagnostics are widely distributed and available, particularly among health-
care providers working in low-income communities. Third party payers
have an ethical obligation to cover the costs of these diagnostics. Cohen
emphasized that rapid diagnostics should be regarded as routine tests rather
than specialty tests, which can be excluded from coverage, and that failure
of insurers to pay would be an unjustifiable interference with healthcare
providers’ ethical obligations to patients. She observed that it is more cost-
effective for payers to pay for these tests because they will cut long-term
costs by reducing morbidity and mortality.

In summary, said Cohen, rapid diagnostics will help healthcare providers
mitigate improper treatment decisions which harm patients in violation of
the bioethical principles. Stakeholders, including pharmaceutical and bio-
technology companies, government entities, healthcare providers, and third-
party payers, have corresponding bioethical imperatives to create, distribute,
utilize, and subsidize reliable, rapid point-of-care diagnostics. However,
Cohen emphasized that diagnostics must be justly distributed and financially
accessible in conformity with the principle of social justice. As the WHO has
observed, the antibiotic resistance crisis may seem slow-moving and abstract
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compared to the COVID-19 pandemic. However, antibiotic resistance is a
growing concern for everyone around the globe, and the problem demands
a collective focused attention.

Clinical Microbiology Laboratory Perspective

Clinical microbiology laboratories largely depend on traditional
culture-based techniques (e.g., inoculation of specimens to plated media).
There are advantages to these techniques, Carroll said: they are cost-effective,
they have undergone extensive clinical validation, and microbiologists are
comfortable performing them. However, traditional techniques tend to be
“very slow” (Miller et al., 2019). Newer methods have been developed,
said Carroll, but these tend to be “add-on” approaches rather than a
replacement for traditional diagnostic tests, in part due to limitations in
the spectrum of pathogens that can be detected, variable specificity and
sensitivity, lack of differentiation between living and dead cells, and cost.
Further culture-based methods can test for multiple pathogens simultane-
ously, which may be particularly useful when there is no a priori knowledge
of the causative pathogen.

According to Carroll, phenotypic susceptibility testing continues to be
important in the detection of AMR. Antimicrobial susceptibility testing
(AST) relies on semi-automated and automated devices that use microbroth
dilution methods. This approach is standardized and quantitative, and there
are interpretive guidelines to determine susceptibility versus resistance.
However, Carroll emphasized that this approach is slow, not amenable for
testing all bacterial pathogens, and there is a lag between the availability of
new agents and incorporation into AST panels by manufacturers. Clinical
and Laboratory Standards Institute (CLSI)! and the European Committee
on Antimicrobial Susceptibility Testing (EUCAST)? are continually reevalu-
ating the guidelines for susceptibility and resistance, said Carroll, which
makes it challenging to incorporate new criteria for interpreting AST panels
in a timely manner. A survey found that up to 70 percent of clinical labora-
tories in the United States are not using the current CLSI criteria for deter-
mination of resistance (Simner et al., 2022). This is a patient safety issue,
she said; quality AST is critical for infection control, hospital and national
surveillance, and antibiograms for empiric treatment.

Carroll noted that recent advances show some promise. For example,
the Accelerate Pheno is a Food and Drug Administration (FDA)-approved
platform that can identify organisms in positive blood cultures within one

1 See https://clsi.org/standards/?page=18&sort=date&sortdir=desc&subcat=AST&area= (ac-
cessed January 25, 2023).
2 See https://www.eucast.org/ast_of_bacteria (accessed January 25, 2023).
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hour using fluorescence in-situ hybridization probes and detect phenotypic
susceptibility within seven hours using microscopic image analysis (Marschal
et al., 2017). This approach allows clinicians to rapidly tailor treatment
within a reasonably short period of time (8 hours) and can improve anti-
microbial stewardship. However, there are technical barriers for some “drug/
bug” combinations that add time and cost to the process, and there is finan-
cial risk to the industry in bringing these to the market. There are other
new approaches as well, said Carroll, such as deoxyribonucleic acid (DNA)
amplification methods that target specific genes, immunochromatographic
assays, and antibiotic degradations assays. These approaches can detect
resistance very rapidly (within 15 to 60 minutes) and confirm phenotypic
resistance, which improves antimicrobial stewardship and infection control.
However, Carroll highlighted some limitations to these approaches. For
example, a negative result does not imply susceptibility, a positive resistance
marker does not necessarily confer phenotypic resistance, testing may be
limited to certain antibiotics, and there are additional associated costs.
Over the last several decades, disruptive technologies have advanced
diagnostics in clinical labs and made transformative changes. Some
culture-based methods have been replaced by multiplexed molecular syn-
dromic panel tests, and organisms can be identified faster using Matrix
Assisted Laser Desorption Ionization Time of Flight Mass Spectrometry
(MALDI-TOF MS). MALDI-TOF MS identifies organisms based on their
unique protein profile and requires only a single colony rather than a
large biomass. This approach is cost-effective, highly accurate, and can
be used for bacteria, fungi, and mycobacteria. It has been shown to have
a “tremendous medical impact,” said Carroll, including reducing time
to therapy and length of stay for patients (Miller et al., 2019). Beyond
identification, mass spectrometry can be used for susceptibility testing
and strain typing for epidemiology. Another notable advance has been the
development of syndromic panel tests, which combine organism detection
and resistance marker detection for bacterial pathogens. These can be used
to detect the major causes of a particular syndrome such as respiratory
infections, gastroenteritis, or meningitis. These tests have been particularly
useful, said Carroll, in reducing the turnaround time for antiviral and anti-
bacterial therapy. However, there are limited studies on patient outcomes,
with most studies showing variable impact on outcomes such as length of
stay and mortality (Ramanan et al., 2017). Carroll emphasized the need
for guidelines for appropriate utilization of syndromic panel tests. Other
transformative methods on the horizon include DNA-microarray based
hybridization technology, T2MR technology?, rapid phenotypic/genotypic

3 See https://www.t2biosystems.com/products-technology/t2mr-technology/
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susceptibility testing, total laboratory automation combined with artificial
intelligence (AI), and next generation sequencing.

According to Carroll, next generation sequencing (NGS) is the “next
paradigm shift” in diagnostics. There are many applications of NGS, includ-
ing whole genome sequencing, targeted amplification, and metagenomic
NGS (mNGS). Whole genome sequencing is already being used in public
health labs for a variety of purposes, including identifying the resistance
genes in an organism, and tracking outbreaks of foodborne illness. The
real power of this technology, however, is in mNGS, said Carroll, where
the genomes within a clinical specimen are subjected to massive parallel
sequencing and sophisticated data analysis to arrive at a diagnosis. In tradi-
tional culture-based testing, a large proportion of samples are negative for
a pathogen due to pretesting treatment, uncultivatable pathogens, or the
need for special handling. In contrast, mNGS is effective at detecting a
broad range of pathogens. However, Carroll noted that there are multiple
disadvantages of mNGS. It is expensive (around $2500 per sample), it is
complicated and has no reliable reference method, turnaround time is not
fast (around 5 days on average), and it requires a huge investment in labo-
ratory infrastructure. As a result, according to Carroll, mNGS is currently
used as a “method of last resort.” To overcome these challenges, Carroll
highlighted several potential solutions, including utilizing existing molecu-
lar workflows, implementing newer technologies to speed up actionable
results, and developing universal well-standardized metrics (Table 2-1).

In summary, Carroll said that despite technological advances in AMR
testing in clinical microbiology, there remain several challenges. Issues
including workforce shortages, lack of institutional investment in clinical
laboratories, and regulatory impediments are hindering the development
and implementation of new tools that could transform testing and the care
of patients. Further, she noted a need for diagnostic stewardship and the
implementation of guidelines to help ensure appropriate test utilization and
optimize patient care.

Point-of-care diagnostics

There are a number of exciting new tools in the point-of-care (POC)
testing toolbox, said Carroll. The WHO developed criteria for POC tests:
they should be affordable, sensitive, specific, user-friendly, rapid, equip-
ment-free, and deliverable to where the patient is located (ASSURED)
(Figure 2-1).* While these criteria were developed with sexually transmitted
infections in mind, she said, they can be applied to all rapid diagnostics. In

4 See https://apps.who.int/iris/bitstream/handle/10665/68990/TDR_STI_IDE_04.1.pdf (ac-
cessed January 25, 2023).
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TABLE 2-1 Challenges to the Use of mNGS and Potential Solutions

Current Challenges Potential Solutions

Requires investment in laboratory Use of existing molecular workflows
infrastructure e Validation of user-friendly specialized

e Information technology; database storage commercialized and free software

e Separate sample prep/library prep areas e High quality databases

e Specialized equipment e Sequencing negative controls; removal of
e Unique validation processes post-sequencing contamination

o Specialized personnel e Quantification of pathogen abundance

e Variable sensitivity and specificity caused | ® Ultraclean nucleic acid extraction kits

by unbiased approach (host and all
organisms) are sequenced

Costs Use of commercially available systems
Limit use to diagnostic dilemmas
Prospective cost-effectiveness studies

Not amenable to immediate to fast TAT (5 | ® Implementation of newer technologies

days on average) that can speed up actionable results (e.g.
e Deeper sequencing limits number of Oxford Nano-pore technology)

samples per run e Transition to POC environment
Complicated validation (Laboratory Use of published protocols
developed tests, no reliable reference More universal well-standardized metrics
method) needed

NOTE: POC = point-of-care; TAT = turnaround time
SOURCE: Presented by Karen Carroll, October 13, 2022.

2019, Land et al. (2019) added two more criteria—Real-time connectivity
and Ease of specimen collection—making the acronym REASSURED.

Emerging POC testing technologies include microfluidics, biosensors,
digital droplet polymerase chain reaction (PCR), and paper-based devices.
Carroll noted that these technologies show promise; for example, micro-
fluidics combined with isothermal amplification allows for fast thermal
cycling and high sensitivity at the POC. However, there is a need for more
research on the barriers to realizing the REASSURED criteria, specifically,
the cost of translating these technologies into the clinical environment. Dur-
ing the COVID-19 pandemic, diagnostic development accelerated: clinical
labs created lab-developed tests, labs partnered with industry to fast-track
technologies, and the government provided research support and regulatory
flexibility. Carroll shared several examples of microfluidics-based technolo-
gies that were used for POC testing for COVID-19 (Table 2-2).

The promise of POC testing is most evident for certain conditions,
said Carroll, including sexually transmitted infections (STTs), tuberculosis,
urinary tract infections (UTIs), respiratory infections, malaria, and
neglected tropical diseases. There are more than 2.4 million cases of
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FIGURE 2-1 Criteria for point-of-care testing
SOURCE: Presented by Karen Carroll, October 13, 2022.

syphilis, gonorrhea, and chlamydia in the United States each year, and
resistance among Neisseria gonorrhoeae isolates is high (CDC, 2019b).
Other STTs of interest include emerging Mycoplasma genitalium, human
papilloma virus, Trichomonas vaginalis and herpes simplex 1 and 2. There
are several current and future POC tests for STIs; most provide results
within 30 minutes and are comparable to the high-throughput instruments
currently in clinical labs. Carroll emphasized that the short timeframe is
critical because studies show that patients presenting to STI clinics or the
emergency department (ED) do not want to “hang around” for more than
45 minutes; the ability to see a patient, diagnose them, and treat them
within a 45-minute window is “very powerful.” A workshop participant
added that there is a need to create a system for simultaneous testing for
STIs and resistance markers, rather than conducting them serially, due to
these time constraints.
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Prior to the pandemic, studies demonstrated the effectiveness of tests
using self-collected samples (e.g., I Want the Kit, I Know, and TakeMeHome).
In combination with telemedicine, STI clinics turned to home collection
tests in the early days of the pandemic. Carroll highlighted the benefits and
challenges associated with self-collection tests. They are convenient, private,
cost-effective, accurate, and readily accepted by patients; these benefits lead
to increased testing and thus increased detection and treatment of STIs. The
challenges of self-collection tests include language or literacy barriers for
some patients (including those most at need), low specimen return rates, dif-
ficulty with surveillance and contact tracing, regulatory issues, and concerns
about false positives or negatives.

In summary, said Carroll, there have been unprecedented technologi-
cal advances that hold promise for enhanced diagnostics in labs and at
the point-of-care, but there are a fair number of hurdles that need to be
addressed to optimize implementation. These hurdles include

technical barriers and costs to mass production/commercialization;
need for better outcome studies to understand patient impact;

e need for studies to understand workflow barriers in clinics and
laboratories;

e quality management considerations (e.g., contamination, poor user
performance);
data management;
regulatory and reimbursement issues for laboratories and industry.

Developer Perspective

The test development process, said Craig Whiteford (Senior Direc-
tor R&D, Becton Dickinson) starts with the basic question: “What is the
need?” Based on the answer to this question, design requirements are
developed to describe how the test will fulfill the need. In the case of AMR,
he said, the need is for rapid antimicrobial testing for susceptibility or resis-
tance, and design requirements include

time to results;

target (e.g. bacteria);

specimen (e.g., whole blood, respiratory specimen);

impact on clinical workflow (e.g., does a new test require addi-
tional time and staff?);

regulatory considerations;

® cost.
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There are almost always tradeoffs among these design details, said
Whiteford, for example, a test may be able to deliver results very quickly
but be cost-prohibitive. Developers must also decide on the appropriate
technological approach; in the case of AMR, will a test use a phenotypic,
genetic, or genomic approach? Phenotypic approaches are limited due to
cell division, which takes time and cannot be sped up. Genetic approaches
(e.g., PCR) work well and are fairly quick, said Whiteford, but are limited
in terms of targets. Genomic approaches (massive parallel sequencing) are
the “great promise” of testing in this area.

Whiteford shared a Pugh Matrix that illustrates the benefits and draw-
backs of different types of AST and AMR testing (Table 2-3). In the first
two columns, traditional manual or automated tests (e.g., disk diffusion)
have many advantages but they take more time. The third column shows
the limitations of rapid traditional tests (e.g., microfluidic phenotypic sys-
tems) in terms of targets, specimen, costs, and clinical workflow. Whiteford
explained that these tests are adjunct to other testing, putting a burden on
the laboratory and the cost. Genomic predictive tests, seen in the fourth
column, are a new approach that hold great promise; however, they are
currently limited due to the reliance on Al. Whiteford emphasized a need to
build and share a database of information for Al to work with, but there is
no current regulatory guidance on Al. Moreover, there is a need for further
discussion and collaboration among stakeholders for approaches that use
Al, and, additionally, genomic predictive tests are currently quite expensive.

On the right-hand side of the matrix, genetic AMR tests (e.g., PCR)
can produce results within 8 hours, but they are limited in terms of targets
and the impact on workflow. These tests usually only provide information
on resistance markers, which tells a provider what not to treat with but
not what should be used. The pros and cons of the genomic approach for
AMR testing are similar to the genomic approach for AST. There are also
technological barriers to both AST and AMR tests, he said, including the
“needle in the haystack” issue: if there are only a few colony-forming units
(CFUs) per milliliter of specimen, it can be difficult to ensure that the CFUs
are detected by the test.

Reimbursement Perspective

Susan Van Meter (President, American Clinical Laboratory Associa-
tion) indicated that during the COVID-19 pandemic, the importance of
leveraging every modality for testing became clear. Developing and utilizing
tests for a variety of settings (e.g., inpatient, ambulatory, consumer) reduced
barriers to access and supported clinicians in their workflow. Similarly, Van
Meter emphasized a need to think broadly about the kinds of tests that
will be useful for antimicrobial resistance. There is tremendous value in
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diagnostic tests that help ensure the right patient gets the right treatment
at the right time; effective diagnostics save time and effort for both patients
and providers and ultimately reduce costs. However, the value of a test is
not always easily translated into an appropriate reimbursement. Van Meter
added that oversight of the development to tests can cause uncertainty for
developers, explaining that there is a lack of an overarching regulatory
apparatus for diagnostic tests and technologies. Some tests are developed in
laboratories; these laboratory developed tests (LDTs) are regulated by the
Clinical Laboratory improvement Amendments (CLIA) under the Centers
for Medicare & Medicaid Services (CMS). Other tests are developed for the
commercial market and regulated by the FDA. There is some discussion in
Congress about modernizing the regulation of diagnostics to create a single
risk-based framework, but Van Meter said she does not think the chances
of this becoming law are particularly high.

When it comes to bringing a test to market, Van Meter noted that
developers need to consider whether there is an existing Current Procedural
Terminology (CPT) code for the test. Applying to the American Medical
Association for a new code can take between six months and two years.
Payer coverage for tests can be complicated and may vary among geo-
graphic regions. For example, contractors who provide services to Medicare
patients may make local coverage decisions and coverage may vary depend-
ing on whether the patient is in an inpatient or ambulatory setting. Within
hospitals, coverage for a test is generally rolled into an inpatient Diagnosis
Related Group (DRG) rather than reimbursed separately. Coverage in the
ambulatory setting is more complicated. If a physician’s office provides a
test onsite, they will generally bill the payer directly, whereas if samples are
collected and sent to a commercial lab, the lab will generally bill the payer.
Van Meter noted that Medicare reimbursement amounts for clinical labora-
tory fees have been reduced several times in recent years, although Congress
has repeatedly delayed the reductions. This unpredictability makes it diffi-
cult for test developers to contemplate what the market for a particular test
might look like, she said. In addition, the reduction in Medicare reimburse-
ment threatens the stability of the clinical laboratory infrastructure, which
is critical to the wellbeing of the country.

Other issues to consider when bringing a test to market include clini-
cal guidelines and clinical/consumer uptake. Van Meter said that clinical
guidelines often take years to be updated and thus may not reflect the most
recent technologies; this can have a negative impact on accessibility and use
of new tests. In addition, it can be difficult for clinicians to keep abreast
of what diagnostic tests are available and how to employ them. There is
a need, said Van Meter, to pursue new innovations in testing but also to
leverage and improve the uptake of tests that are available today.
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Discussion

Cost

One workshop participant observed that cost underpins many of the
issues discussed during this session, including the cost of development, use
of diagnostics, and reimbursement. They suggested that one roadblock may
be reluctance on the part of hospitals to invest in new instrumentation and a
reliance on outsourcing of testing to clinical laboratories. Whiteford agreed
and added that outsourcing diagnostic tests also introduces transportation
issues. He said that stakeholders should work together to figure out how
to fund laboratory testing so that the potential of new technologies is real-
ized. Van Meter emphasized that laboratory substructure—whether com-
mercial labs, hospital labs, or point-of-care testing used in physician office
labs—is part of the nation’s critical infrastructure. The recent reductions in
Medicare reimbursement threaten the stability of this groundwork, and it is
essential that the nation makes the necessary investments in building infra-
structure to serve patients and communities, noted Van Meter. Technology
is advancing to make new things possible but requires the infrastructure
to support it.

Development and uptake

Workshop participants asked the panelists to comment on the role of
different types of tests, specifically, lateral flow assays and multiplex tests
for UTIs. Whiteford said that at-home tests that use lateral flow have been
shown to be useful during COVID-19 for triaging patients. Daniel Bausch
(Director of Emerging Threats & Global Health Security, FIND, The Global
Alliance for Diagnostics) observed that many of the types of tests discussed
thus far at the workshop are “near” point-of-care tests and that lateral flow
assays can be used as “true” point-of-care tests in the hands of individuals
at home. He added that there is an important role for these tests in the
United States, but their utility is even more obvious in low- and middle-
income countries, where infrastructure, electricity, and price can be barriers
to testing in formal healthcare settings. Regarding multiplex tests, Van
Meter said that such tests would be useful. For example, a patient present-
ing with respiratory symptoms could be efficiently tested for COVID-19,
flu, and respiratory syncytial virus (RSV), however, it is unclear what the
regulatory pathway for such a test would be, how it would be reimbursed,
and what clinical guidelines would direct its use. Multiplex testing holds
tremendous promise, but there is a need to clarify these issues to encourage
development, she said. Jean Patel (Principal Scientific Affairs, Microbiology,
Beckman Coulter Diagnostics) agreed that the issues of reimbursement
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and guidelines influence test development and uptake. However, there are
also examples of tests that are recommended for use and supported by
reimbursement but are still not being widely used by clinicians (e.g., detect-
ing colonization with carbapenem-resistant Enterobacterales [CRE] to pre-
vent transmission in a healthcare setting). Van Meter agreed and suggested
that there are mechanisms that can be leveraged to promote uptake in
these circumstances. For example, public-private partnerships could fund
a new technology add-on payment for tests that improve outcomes and
enhance stewardship. Clinical guidelines can serve as substantial barriers
to uptake and reimbursement, said Van Meter; new technologies often take
years to make it into guidelines. She wondered aloud if there was a role for
groups such as the Presidential Advisory Council on Combating Antibiotic-
Resistant Bacteria (PACCARB) to highlight key areas and support efforts to
develop recommendations that payers can use to make decisions.

Carroll observed that CRE testing is largely used for surveillance, rather
than diagnosis, and suggested that one mechanism to promote uptake in
this area is to include in budgets funds for CRE and other multidrug resis-
tant (MDR) organism colonization for inpatient care units. Data on key
MDR organisms are reported to the National Healthcare Safety Network,
so the hospital has a vested interest in reducing indicator organisms. Carroll
noted that using public health to leverage these types of AMR testing is one
creative solution for getting tests paid for.

Another potential approach for improving development and uptake,
said Burnam, is declaring a national health emergency. As seen during
COVID-19, an emergency situation (and the associated regulatory flexibil-
ity) gives everyone “a big shot of espresso.” “Everything just starts working
faster and better,” he said; investors look for opportunities to fund devel-
opment and infrastructure, and stakeholders work together to find quick
solutions. Declaring a national emergency for antimicrobial resistance could
be the solution for many of the issues discussed today.

Bioethical considerations for clinical laboratories

Robin Patel (ID Physician, Clinical Microbiology Laboratory Director,
Mayo Clinic) asked Cohen to comment on the bioethical considerations
for clinical microbiology laboratory directors in the AMR space. Cohen
responded that she would argue that directors do have bioethical duties and
that a surveillance approach may be helpful when directors are consider-
ing what tests to bring in and how to offer them. For example, directors
should be aware of what diseases are coming into their hospitals and what
technologies are available for testing. Cohen said that physicians and lab
directors “stand in the same kinds of shoes” in terms of their shared bio-
ethical obligations to the patient to do no harm and to act for the good
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of the patient. However, before they can do so, they need to be aware of
what diagnostics are available; Cohen said there is a need to communicate
better about new technologies and how they can improve clinical decision-
making. Physicians in particular, she said, are overloaded with information
and need support in staying up to date.

Coordination

A workshop participant observed that many speakers had mentioned
the need for stakeholders to work together on guidelines for new diag-
nostics as well as issues around development, reimbursement, and deliv-
ery. They asked panelists to comment on the potential for a coordinating
body to unite these efforts and to address issues simultaneously. R. Patel
responded that developing guidelines can be a lengthy, intense process, in
part because of the need for a body of published evidence. It is possible to
develop guidelines quickly; for example, during the COVID-19 pandemic
the Infectious Diseases Society of America (IDSA) expeditiously put out
guidelines. However, this required long hours of work and resources to
facilitate the process. J. Patel noted that IDSA has published guidelines for
treating infections caused by multi-drug resistant organisms; this can be an
invaluable resource for clinicians and other stakeholders making decisions
about what tests to provide.

Tradeoffs

A virtual workshop participant asked panelists how stakeholders could
balance the tradeoffs between maximizing pathogen or resistance marker
coverage versus practical point-of-care needs (i.e., tests that quickly inform
clinical decisions). For example, should point-of-care tests broadly cover
resistance markers, or should tests focus on common resistance markers?
Carroll responded that priorities for testing will depend on the needs of the
individual institution, the patient population, and the type of laboratory.
However, it does not need to be an either/or situation. Carroll emphasized
a need to simultaneously push point-of-care testing to inform treatment
decisions and diagnostic tests that enable the collection of public health
data for surveillance purposes.

Van Meter took a broader view of prioritization and said that efforts
could be focused based on a variety of criteria: the type of bug, the areas
where there is the most inappropriate prescribing, or care settings for which
tools are available but are not being used. For example, she said, a study
found that 30 percent of patients with upper respiratory symptoms who
test positive for flu walk out of the doctor’s office with a prescription for
antibiotics (Havers et al., 2014).
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Lessons Learned from the
COVID-19 Pandemic

Key Points Made by Individual Speakers:

e The ongoing COVID-19 pandemic has highlighted how diag-
nostic testing is a critical component of the response to a public
health threat and shown how nontraditional approaches for
testing can be useful (e.g., screening asymptomatic patients, at-
home testing, testing on wastewater). (Lutgring)

¢ As the number of analyses to diagnose antimicrobial suscepti-
bility mount, reimbursement cannot keep pace, nor does scale
necessarily add value. To keep costs down, however, the govern-
ment can play an important role to ensure that bacterial panels
to validate targets are readily available. (Greninger)

¢ Innovation in AMR diagnostics should center on the needs of
patients and the realities of the environments where they need
the care; the COVID-19 pandemic has demonstrated that an
infusion of resources and political will can lead to improvement
in testing capacity. (Rodriguez)

e There are resources and support available through the National
Institute of Allergy and Infectious Diseases (NIAID) for the
development of diagnostics. (Eder)

e The FDA responded to the COVID-19 pandemic with increased
flexibility and streamlined processes; these changes may be ben-
eficial for addressing drug-resistant infections more broadly.
(Roth)
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e Given the complexity of diagnostic technologies and drug-
resistance mechanisms, public-private partnerships are critical for
development and regulatory approval of innovations. (Persing)

In this session of the workshop, speakers and participants considered
the unique challenges for the development of rapid point-of-care diagnostics
to address antibiotic resistance. Speakers shared lessons learned from other
disease areas, including COVID-19, discussed the development and use of
rapid diagnostics to address drug-resistant bacterial infections, and con-
sidered generalizable applications and practical approaches to overcome
barriers to innovation.

LESSONS LEARNED FROM THE COVID-19 PANDEMIC

From a U.S. perspective, there are three key lessons learned during
COVID-19 that are applicable to combating AMR, said Joseph Lutgring
(Medical Officer, Division of Healthcare Quality Promotion, National
Center for Emerging and Zoonotic Infectious Diseases, Centers for Disease
Control and Prevention):

e Testing is not just for symptomatic patients;

e There is a need for more than one type of test for a given disease;
and

e Testing is not just for people.

Relatively early in the pandemic, said Lutgring, it became clear that
asymptomatic and presymptomatic people could transmit severe acute
respiratory syndrome coronavirus 2 (SARS CoV-2), which had a major
impact on testing approaches and recommendations. However, screening
of asymptomatic people is only beneficial if there are interventions that can
protect that person and/or prevent transmission to others. As an example,
Lutgring noted if someone receives a positive COVID-19 test result, they
could reduce the risk of transmission by self-isolating, wearing a face
covering, or avoiding contact with high-risk patients. Over the course of
the pandemic, testing of asymptomatic people was recommended for a
number of populations, including nursing home residents, K-12 students
and staff, hospitalized patients, and workers and residents in correctional
facilities. Screening of asymptomatic individuals has also had applica-
tions in the context of drug-resistant bacterial infections, particularly for
hospital-acquired infections, said Lutgring. For example, the Department
of Veterans Affairs (VA) implemented a methicillin-resistant Staphylococcus
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aureus (MRSA) nasal swab screening program for hospitals; hospitals in
Israel have implemented active screening of CRE to reduce infections;
and the Netherlands has a policy for active MRSA screening, which may
account for the low rates of MRSA in that country (Health Council of the
Netherlands, 2007; Schwaber and Carmeli, 2014; VA, 2007). Screening
for other organisms—including Vancomycin-resistant enterococci (VRE)
and bacteria that produce extended spectrum beta-lactamase (ESBL)—has
been attempted, but Lutgring said the utility of such screening depends on
whether there are interventions that can be implemented when a person
tests positive. For multi-drug resistant organisms, the main interventions
are contact precautions (e.g., providers wear gowns/gloves) or isolation.
However, in the future there may be decolonization interventions that could
reduce the organism burden of the individual and prevent transmission
to others. Screening and interruption of transmission have the potential to
reduce infection even more than the development of a new treatment. He
pointed to a recent workshop hosted by the Centers for Disease Control
and Prevention (CDC) and FDA to discuss the state of evidence supporting
decolonization and pathogen reduction in colonized patients as a strategy
to prevent infection.!

According to Lutgring, the second key lesson learned from the
COVID-19 pandemic is that more than one type of test is needed for a
given disease. As of October 2022, the FDA had issued EUAs for a variety
of SARS-CoV-2 tests, including almost 300 molecular tests, 51 antigen tests,
and 85 serology tests (FDA, 2022). These tests, said Lutgring, vary in terms
of performance characteristics, costs, turn-around times, specimen types,
and can be utilized in different ways. For example, patients admitted to the
VA hospital in Atlanta are tested using both an antigen and a molecular
test; antigen results are faster while molecular tests are more sensitive. A
combination of test results can be helpful to inform decisions about bed
placement or whether a patient should be quarantined in an airborne isola-
tion room. Clinicians have become savvier about using both types of tests
for clinical decision-making, he said. For example, if a patient tests posi-
tive on both antigen and molecular tests, that patient likely has an active
COVID-19 infection and should be treated. However, if a patient has a
negative result on an antigen test but a positive result on a molecular test,
more consideration may be given to whether or not that patient has an
active COVID-19 infection requiring treatment. In the area of AMR, said
Lutgring, a similar testing strategy can be used for Clostridioides difficile.
There is debate about the best strategy for detecting C. diff, with some argu-
ing for nucleic acid amplification tests (more sensitive) and others arguing

1 See https://info.rescueagency.com/en-us/drug-development-consideration-virtual-public-
workshop-cdc-fda (accessed January 25, 2023).
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for toxin enzyme immunoassays (more specific). There are facilities that
perform a combination of these tests, e.g., screening with the more sensitive
molecular test and then performing the more sensitive test to give indica-
tions about disease severity, likelihood, or true current infection. Lutgring
cautioned that there can be unintended consequences of using multiple
diagnostics, particularly if clinicians do not understand what a positive or
negative result means. For example, a patient with a positive nucleic acid
amplification test and a negative toxin enzyme immunoassay test might
be treated with antibiotics even if they do not have an active infection.
Lutgring emphasized that as testing strategies become more complex and
as more diagnostics become available, it will be important for clinicians to
understand how results should be interpreted to best care for their patients.

Finally, Lutgring said, the COVID-19 pandemic has indicated that test-
ing is not just for people. Early detection and containment of pathogens
are crucial, but individual patient testing is time- and resource-intensive.
The National Wastewater Surveillance System (NWSS)? was launched by
the CDC in September 2020, to coordinate and build the nation’s capacity
to track the presence of SARS-CoV-2 in wastewater samples. Informa-
tion about the presence and level of SARS-CoV-2 in the wastewater com-
bined with other community-level information can help track the impact of
COVID-19 on a community. There is ongoing research about how to use
this type of surveillance system for antimicrobial resistance detection, par-
ticularly for rare pathogens like carbapenemase-producing organisms. For
example, a new CDC initiative, the Healthcare Wastewater Antimicrobial
Resistance Network, will be conducting research on how to best use waste-
water testing, with an initial focus on carbapenemase-producing organisms
and Candida aureus.

Lessons Learned from the
“Access to COVID-19 Tools Accelerator” Program

AMR, like COVID-19, is a global crisis, said William “Bill” Rodriguez
(Chief Executive Officer, FIND, The Global Alliance for Diagnostics). FIND
is aimed at supporting equitable access to diagnostics everywhere in the
world, with a focus on diseases of poverty such as tuberculosis, malaria,
hepatitis, and schistosomiasis. When SARS-CoV-2 emerged, FIND’s mandate
and activities expanded dramatically, he said. The Access to COVID-19 Tools
Accelerator (ACT Accelerator)? initiative was designed by WHO to speed up
efforts for development and deployment of tests, treatments, and vaccines;
FIND co-led the diagnostics pillar of the initiative.

2 See https://www.cdc.gov/nwss/index.html (accessed March 9, 2023).
3 See https://www.act-a.org/ (accessed January 25, 2023).
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Before delving into the lessons learned from COVID-19, Rodriguez
gave workshop participants a brief overview of the landscape of diag-
nostics around the globe. Almost half of the world’s population, he said,
lacks access to essential diagnostics for diseases such as tuberculosis, HIV,
hepatitis, diabetes, and hypertension (Fleming et al., 2021). Basic diagnostic
capacity is available in only 1 percent of primary care clinics and 14 percent
of hospitals in some low- and middle-income countries (Leslie et al., 2017).
Further, 47 percent of the world’s population cannot receive a diagnosis
when sick, and diagnostic gaps for diseases like diabetes, Hepatitis C, and
HIV are significantly larger than treatment gaps, meaning treatments are
available but not able to be deployed due to a lack of diagnoses (Fleming
et al., 2021). The diagnostic gap is greatest at the primary care level,
Rodriguez said, but not much better at most district hospitals and referral
hospitals; for example, basic technologies such as tests for pregnancy and
syphilis, microscopes, and X-rays are not readily available at most hospitals
in some low- and middle-income countries (Leslie et al., 2017). Rodriguez
urged workshop participants to keep this “stark environment” in mind
when thinking about the global capacity to test for AMR. FIND divides
diagnostics into three levels (Figure 3-1). Self-tests are those administered at
home or in the community and do not require power, water, or lab equip-
ment. True point-of-care tests are delivered in a primary care facility and do
not require lab equipment or reliable power to be stored and administered.
Near-patient point-of-care tests are conducted in district hospitals and may
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At home Primary care District hospital

Level O (LO) Level 1 (L1) Level 2 (L2)

Use + Community outreach « Primary care facility * Near-patient laboratory
setting + At home testing Y « Referral hospital laboratory
+ No mains power + No mains power (unreliable) + Mains power (may be intermittent)
Testing « No water + Minimal lab equipment (may not support « Basic lab equipment (biosafety cabinet,
infrastructure * No lab equipment cold chain) centrifuge, calibrated pipets, fridge)
+ No temperature control + BSL-1 containment * BSL-2/1 containment

Technologi
erce ::’i :;egl;es Self Tests True POC Near POC

FIGURE 3-1 Fit-for-purpose testing

NOTE: BSL = biological safety level; POC = point-of-care

SOURCE: Presented by William Rodriguez, October 13, 2022; Image courtesy of
FIND (www.finddx.org), 2023.
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require basic lab procedures such as centrifuges and biosafety contain-
ment measures. Rodriguez emphasized that when considering diagnostics—
whether for COVID-19 or AMR pathogens—it is essential to meet patients
where they are and where they present for care.

The COVID-19 pandemic put testing in the spotlight as it has never
been before, said Rodriguez. Before the pandemic, most non-expert stake-
holders he talked with were unfamiliar with tools such as PCR tests or
rapid tests, but “everyone understands testing now everywhere in the
world.” Rodriguez noted that this change put a new emphasis on what
testing can accomplish and set a new global priority on testing for all
diseases. The COVID-19 pandemic also demonstrated what a large invest-
ment of resources can do. Over the first nine months of the pandemic,
testing capacity went from nothing to dramatically high capacity in most
places in the world, including most of Africa and parts of Southeast Asia.
It took about five years to develop a molecular test for tuberculosis that
could be used globally and a few years for hepatitis C. In contrast, the first
commercially available molecular tests for COVID-19 took only 64 days,
and noncommercial tests were developed a mere 72 hours after the genome
of the virus was identified (Molecular Devices, 2022). The first rapid test
for COVID-19 available at scale globally took 236 days, while rapid
tests for tuberculosis and hepatitis C are still “pipe dreams.” The lesson,
said Rodriguez, is that when resources are applied and the prioritiza-
tion is high enough, a lot can be accomplished. He noted, however, that
there remain barriers to the development and deployment of tests around
the globe, including regional manufacturing capacity and regulations.
Rodriguez asserted that expansion and diversification of local production
is needed to meet the global needs for testing, and regulators need to be
more responsive. He noted that more complex tests, such as multiplex
molecular tests, will likely have an even greater challenge getting through
regulatory hurdles.

In addition to advancing the development and deployment of molecular
and rapid tests, Rodriguez noted that the ACT Accelerator also dramatically
improved the global capacity to perform genomic sequencing tests. Nearly
every country can now do sequencing at a reasonable level, and many coun-
tries can do sequencing at high levels and have national genomic programs.
At the time of the workshop, nearly 13 million sequences of SARS-CoV-2
had been contributed from 215 countries and territories (GISAID, 2023).
Global capacity to perform sequencing is important for COVID-19 but is
also critical to the future of efforts on AMR.

Rodriguez said that issues like COVID-19 or AMR are like climate
change; they are complex, political, health-related, and fragmented. Simi-
larly, the response requires close coordination and a shared agenda across
many agencies that are all trying to respond to the crisis. One of the
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major successes of the ACT Accelerator was bringing everyone together
on a weekly basis to share successes, challenges, and priorities for testing,
research and development, commercialization, and policy. This model,
he said, needs to be applied to other diseases, especially AMR. However,
despite collaboration and investment of resources, gaps persisted in pro-
curement and uptake among countries. To control the spread of SARS-
CoV-2, stakeholders developed a consensus goal of one test per 1000 people
per day. Over the first two years of testing, low-income countries were
conducting about 0.02 tests per 1000 people, middle-income countries were
conducting 0.15 tests per 1000 people, and high-income countries were
vastly exceeding the target with a high mark of 7 tests per 1000 people
per day (Figure 3-2). Rodriguez said that while stakeholders attempted to
provide equitable access to COVID-19 testing, they “didn’t come close” to
meeting their target to address the pandemic.

With lessons from the COVID-19 pandemic in mind, Rodriguez stressed
that “the patient journey needs to be at the center” of a diagnostics strategy.
Many of the emerging platforms for AMR—including POC platforms for
sepsis and triage, and near-POC multiplex molecular platforms—would not
be fit-for-purpose in many settings around the world. Rodriguez laid out
a few challenges during the COVID-19 pandemic that may be relevant for
AMR, including

e complexity of the global problem requiring collaboration among
clinicians, epidemiologists, and politicians;
e limited evidence to inform policy;

=0~ Low -QO- Lower middle Q- Upper middle -Q- High

2020Q1  2020Q2 202003 202004 2021.Q1 2021.Q2  2021.Q3 2021.04 2022Q1 2022.Q2 202203 202204

FIGURE 3-2 COVID-19 tests conducted per 1000 individuals per day

SOURCE: Presented by William Rodriguez, October 13, 2022; Image courtesy of
FIND (www.finddx.org), based on data from the FIND COVID-19 test tracker,
2023.
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e underprepared market;
e lack of clear product requirements;
e insufficient regulatory harmonization.

Rodriguez said that collaboration between academia and industry resulted
in the rapid development and approval of COVID-19 tests, and government
investment helped reduce costs for diagnostics, thus increasing manufactur-
ing capacity and capability and improving access globally. The question,
said Rodriguez, is whether these lessons learned can be applied to “rise to
the challenge of AMR” over the years to come.

PROGRAMS TO ACCELERATE
THE DEVELOPMENT OF DIAGNOSTICS

Paul Eder (Senior Scientific Officer, Concept Acceleration Program—
Diagnostics, National Institute of Allergy and Infectious Diseases) began by
describing what he means by “AMR” and “AST,” noting that these terms
are used in different ways by different people. For the purposes of his talk,
AMR means antimicrobial resistance prediction based on genotypic data,
while AST refers to antibacterial susceptibility characterization through
empirical data.

At NIAID, said Eder, there are a number of programs and resources
aimed at accelerating the development of diagnostics for AMR. NIAID
supports Combating Antibiotic Resistant Bacteria Biopharmaceutical
Accelerator (CARB-X) Diagnostics, Therapeutics, and Preventives, and
offers pre-clinical services for diagnostic development. Additionally, the
Concept Acceleration Program (CAP)*—which helps support innovative
technologies, platforms, and provides strategic advice to help shepherd
candidate products through the research and development (R&D) and
regulatory processes—at NIAID is well-established in the areas of vac-
cines and therapeutics, while the focus on diagnostics is newer. CAP has
worked closely with the CARB-X and FIND to gather expertise and fill
gaps in knowledge of the R&D and regulatory processes. He noted that
CARB-X is currently in its second round of funding, which includes a
focus on developing cost-effective and quick testing for gonorrhea. Bring-
ing new technologies and assays to market quickly, and ensuring their
success, said Eder, will improve the nation’s response to future emerging
infectious diseases.

4 See https://www.niaid.nih.gov/about/biodefense-research-resources-contacts (accessed
March 6, 2023).
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NIAID’s Omnibus Broad Agency Announcement (BAA)® is an annual
solicitation for proposals to combat antimicrobial resistance. The areas of
focus for 2023 include

e Faster bacterial identification direct from whole blood in under
4 hours;

e AST from positive blood culture or bacterial isolate in less
than 2 hours;

e Improved performance in nucleic acid sequencing, mass spec sensi-
tivity, protein sequencing, antigen or toxin capture and detection.

The awards for BAA are based on milestones and successful deliver-
ables, based on a negotiated statement of work. This process—in which
success must be made at each phase to proceed—is different from the
traditional grant process. The budget for 2023 is up to $12.8 million for
contracts across multiple research areas (NIH, 2022). Eder noted that
contract awards are based on agency priorities, and currently they will not
support development of diagnostic tests for pathogen ID from culture or
isolate (bacterial plate), diagnostics that rely solely on the detection of host-
response proteins, basic research and discovery of new host-based diag-
nostic targets, or diagnostic efforts that will require significant hardware
development. Eder explained that other opportunities exist for these areas
of development, but the hardware development is often an “albatross” that
can significantly delay the process.

Pre-Clinical Services (PCS) is another way in which NIAID supports
the development of diagnostics, said Eder. Helping product developers
with PCS lowers their risk and encourages commitment to product devel-
opment to reduce the burden on infectious disease. The program provides
expertise and capability in product development to accelerate promising
discoveries and fill gaps along the product development pathway. The
agreements between NIAID and the developer, said Eder, assure confi-
dentiality, maintain intellectual property of the developer, and encourage
publication. Services provided by NIAID include specimen acquisition,
reagents and assays, and product development support (e.g., design control,
risk management). Services that are not provided include testing in animal
samples and instrument and consumables development. Applying for sup-
port is a simple process, and most groups are eligible, including non-U.S.
entities, academics, start-ups, NGOs, companies, and government entities.
NIAID makes decisions based on priority, significance, innovation, prelimi-
nary data, value, and product development plan.

5 See https://sam.gov/opp/70720b778a894ce2ae311cc844f2a410/view (accessed March 6,
2023).
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Finally, said Eder, NIAID offers research resources for diagnostics
developers. These resources include organisms and reagents; resources for
basic, bioinformatics, and ‘omics research; structure determination of pro-
teins; and biocontainment facilities.

PANEL PERSPECTIVES

The panel brought together individuals with different perspectives to
discuss the challenges in development and use of rapid diagnostics in
healthcare settings. Eder moderated the panel, as well as a question-and-
answer session that followed.

Clinical Pathologist Perspective

The COVID-19 pandemic led to advancements in medicine that were
accomplished in a short amount of time, said Alex Greninger (Assistant
Professor and Assistant Director of the Clinical Virology Laboratories,
University of Washington Medical Center). Greninger said it is possible to
capture this energy again for an issue like AMR, but the volition is lacking.
There have been significant advances in rapid diagnostics in the healthcare
space in recent years. Multiplex testing platforms, such as the BioFire
FilmArray Pneumonia plus Panel, have demonstrated rapid automated
testing of more than 30 targets with turnaround time of about an hour
and hands-on time expected to be about a minute (Buchan et al., 2020). As
panels grow to include ever-increasing numbers of analytes, reimbursement
becomes a major issue. Greninger shared the 2022 Clinical Laboratory Fee
Schedule (CLFS) rates for testing for respiratory viruses: with 3-5 analytes,
the National Limitation Amounts (NLA) is $143; for 6-11 analytes, it
is $218; and for 12-25 analytes, it is $417 (Centers for Medicare and
Medicaid Services, 2023). The question, said Greninger, is how to value
scale. There are efforts within the federal government to reduce reimburse-
ment for laboratory testing, but with the government looking to cut costs
while laboratory tests increase in complexity, said Greninger, this may not
be a sustainable path forward.

Greninger shared a few thoughts on the development and use of rapid
diagnostics in the healthcare setting from his perspective as a clinical
pathologist. First, he said, “flexibility matters.” Multiplex tests and other
rapid tests may end up in a wide variety of settings, from a quaternary
hospital with AMR experts to a community hospital that doesn’t have the
relevant antibiotics on formulary. Second, interpretation of tests should
be “baked in” to their design. Greninger said that many people, including
clinical pathologists, do not have an expert-level understanding of AMR
and the tests used. Third, he said that reimbursement will be a major issue,
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particularly for tests with a high number of targets. There is no way to pass
along costs for highly complex inpatient testing with expensive reagents,
and this is money “leaving the system.” Instead of using a complex machine
to run tests automatically, Greninger said he would rather hire a techni-
cian who can run tests manually as well as answer the phone and fill out
paperwork. Fourth, it is a challenge to get specimens for validation of
new markers. As there are greater numbers of esoteric antimicrobial resis-
tance markers, labs need to be able to order bacterial panels to validate
targets. Greninger said there is an opportunity for a government agency
to make these panels available so that tests can be brought online more
quickly; he suggested that the Biological Exposure Indices (BEI) Resources
Repository could play a role in distribution.® Finally, he said that there is
a need for research on whether separating AMR detection from a given
species is appropriate or useful.

Regulatory Perspective

Kristian Roth (Deputy Director, Division of Microbiology Devices,
FDA) shared his perspective as part of the review organization that autho-
rizes tests for infectious disease. He said that companies are sometimes hesi-
tant to bring new technology and new approaches to the FDA for review,
particularly when there are no established clinical practice or clinical guide-
lines. Tests can sometimes also be well-established in clinical practice but
not yet reviewed by the FDA. He gave several examples of how the FDA
deals with these types of situations. When there is a low burden pathway
to catch up with clinical practice, it is fairly simple to grant a claim (e.g.,
reviewing a quantitative test for cytomegalovirus when there are a number
of qualitative cytomegalovirus tests on the market). The FDA has also used
master protocols to grant new claims, for example, extragenital testing for
gonorrhea. When multiple sponsors are following a master protocol, the
FDA can grant a claim that would be difficult to validate to several spon-
sors in parallel. The FDA has also used a combination of existing literature
and smaller clinical studies; for example, procalcitonin was used for years
and was finally authorized after a process that included a panel meeting,
outside opinion, evidence from the literature, and a small clinical study
that validated each test’s performance. The final approach, said Roth, is the
“brick-by-brick approach” in which data comes in and allows the granting
of new claims for different intended uses.

Roth turned to lessons learned from the COVID-19 pandemic. He said
that accelerated FDA review times are “good for everybody,” including

6 See https://www.niaid.nih.gov/research/bei-resources-repository (accessed January 25,
2023).
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developers and the public. At-home testing for COVID-19 paved the way
for at-home testing for other infectious diseases and more of these advance-
ments are on the horizon. However, Roth noted a major negative impact of
the pandemic has been the reduced level of clinical data that is expected.
Manufacturers are in favor of the lower burden, but Roth questioned if
it is good for public health. The EUA process greatly reduces the quality
requirements that test manufacturers are responsible for; this has resulted
in a tremendous number of recalls. According to Roth, Class I recalls, the
most serious risk recall, nearly tripled in the last two and a half years.
Further, the FDA has had considerable integrity concerns with the clinical
data that are submitted, such as clinical studies that are too good to be
true or biased clinical studies. These issues, said Roth, take “tremendous
resources to address in a manner where all developers get an equal chance
to get an EUA.”

Industry/Economic Perspective

There are several challenges in moving a new AST test from develop-
ment to clearance, said David Persing (Head of Research and Development,
Cepheid). There is growing complexity of resistance mechanisms for each
antimicrobial class; complex issues including the numbers of sample types,
different transport media, and CLIA waivers; and accessing the required
specimens for clinical trials is difficult given the decreasing number of labs
willing to participate. Given these complexities, said Persing, public-private
partnerships may be a useful mechanism for moving tests into clinical use.
Persing shared his experience of developing an assay called “MTB/RIF”
that simultaneously and quickly tests for Mycobacterium tuberculosis
(MTB) and resistance to rifampin (RIF). The test uses species-specific,
nested PCR amplification of the MTB drug resistance target, and detection
of rifampin resistance-conferring mutations via molecular beacons (Boehme
et al., 2010; Hunt et al., 1994). MTB/RIF was the first demonstration of
scalable implementation of direct-from-specimen detection of drug resis-
tance, which started in 2005 with support from FIND. It was launched
globally in 2010 with WHO endorsement and received 510(K)-clearance
in the United States in 2015 with data from a National Institutes of Health
(NIH) supported clinical trial. Persing shared that since 2015, 112 million
test cartridges have been produced.

Since launching MTB/RIF, Persing has been asked a number of ques-
tions from people around the world. Investigators and clinicians want
to know if they can get the equivalent of MTB/RIF for NG ceftriaxone
resistance or a cartridge for NG fluoroquinolone susceptibility. They want
a direct-from-urine test for ESBL-producing organisms, or a cartridge for
direct detection of ESBLs, and carbapenemases for severe lower respiratory
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infections and complicated UTT/urosepsis cases. However, said Persing, it is
important to consider whether it is acceptable to test for a drug-resistance
allele while not also identifying the organism at the species level. For
example, does it matter if a UTI is caused by Escherichia coli (E. coli) or by
klebsiella, or is it enough to detect the resistance allele to predict the likeli-
hood of being resistant? The connection between predicting phenotypic
resistance from genotypic information is “strong and getting stronger,” said
Persing, but it is not as strong for predicting susceptibility. For now, con-
ventional susceptibility testing is still required to fine tune drug selection.

Persing shared his experience working on the Xpert® Carba-R Test to
detect carbapenem-resistance genes. The cartridge detects five families of
resistance genes and can use specimens from rectal swabs, peri-rectal swabs,
or carbapenem non-susceptible colonies (Jin et al., 2020). Persing empha-
sized that one important feature of this test is that it differentiates between
metallo-beta-lactamases and non-metallo-beta-lactamases for the purpose
of determining appropriate therapies. It is becoming “increasingly challeng-
ing” to keep up with the sheer number of targets that are emerging; because
it is unknown which will become dominant, there is a need to maintain
vigilance and modify tests as necessary to keep up with the variants. To
obtain regulatory clearance, over 3,000 samples were tested, cultured,
and sequenced as gold standards, and supplemental strains were used to
evaluate the tests for contrived specimens. Government support was criti-
cal in validating the assays, said Persing. For example, the Antimicrobial
Resistance Isolate Bank has bacterial isolates with emerging AMR genes
that have been confirmed by DNA sequence analysis.” Persing said that this
continually updated resource is very valuable due to its comprehensive-
ness. The Independent Test Assessment Program (ITAP) at NIH is another
government resource that could help with the regulatory process through
the FDA.8 ITAP is aimed at accelerating regulatory review and availability
of over-the-counter tests with an initial focus on COVID-19 tests. ITAP has
recently expanded its purview to include mpox,’ and it could be a potential
mechanism to accelerate the availability of AMR tests.

In summary, said Persing, direct detection of drug resistance is possible
and effective when results are delivered in an actionable timeframe. There
is significant potential for high-impact rapid AMR testing in patients with

7 See https://www.cdc.gov/drugresistance/resistance-bank/index.html (accessed January 25,
2023).

8 See https://www.nibib.nih.gov/covid-19/radx-tech-program/ITAP (accessed January 25,
2023).

? Shortly after this workshop was held, the World Health Organization recommended chang-
ing the name of “monkeypox” to “mpox.” These proceedings have been edited to use the
updated language. https://www.who.int/news/item/28-11-2022-who-recommends-new-name-
for-monkeypox-disease (accessed January 30, 2023).
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sepsis and “sepsis-adjacent” conditions. In an environment where technolo-
gies and resistance mechanisms are increasingly complex, the pathway to
FDA clearance will become more complicated; public-private partnerships
may be a critical approach to facilitate timely FDA clearance of novel
products.

DISCUSSION

Advantages and disadvantages of separating bug and drug testing

Eder pointed to the potential for separating “bug and drug” testing—
for example, conducting a test to detect the presence of antimicrobial
resistant genes rather than the pathogen responsible for the infection. Eder
asked panelists to comment on the advantages and disadvantages of this
approach.

Persing used sepsis as an example of a case in which testing for AMR
but not the specific organism could be appropriate. About 20 to 40 percent
of sepsis cases originate in the urinary tract and about 20 to 40 percent in
the respiratory tract (Chou et al., 2020). The question, he said, is whether
testing for resistance markers at these sites would be sufficient to direct
therapy in a patient with sepsis, and what impact would this testing have
on patient outcomes? Persing noted that studies on this approach would be
complicated but worth doing because they could lead to dramatic improve-
ment in antibiotic stewardship and antibiotic selection. R. Patel said that
she has grappled with this issue in the area of UTI diagnostics and shared
two key considerations. First, it is important to ensure the patient being
diagnosed with an infection actually has an infection; for example, there
are patients with asymptomatic bacteria who may be diagnosed with UTL
Second, there is debate over whether it is necessary to know the name of
the responsible organism or whether knowing how to treat it is sufficient.
This issue created a lot of controversy among R. Patel and her colleagues,
and she observed that the field of medicine may not be quite ready to accept
treating an infection without knowing what it is.

Carroll said that an important consideration is where the infection
is located and what this means for interpretation of a test for resistance
markers. For example, if a patient has signs and symptoms of a UTI and
there are resistance markers in the otherwise sterile urine sample, Carroll
would feel comfortable using this information to direct treatment without
information about the specific pathogen. However, a respiratory infection is
a “whole different quagmire.” Resistance markers can be linked to normal
respiratory flora or to the pathogens responsible for the infection. Because
of this difference, she said, there is no universal approach for separating
bug and drug testing, but there could be potential in areas that are other-
wise sterile.
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J. Patel agreed that there is likely no universal approach but pointed
out that there are some resistance markers that lead to clearer decisions.
For example, identifying a carbapenemases encoding gene in a urine speci-
men is very different than identifying ESBL in a urine specimen. There
are more treatment options for an ESBL-producing organism, and J. Patel
expressed worry that this type of testing might unnecessarily drive treat-
ment escalation.

Rodriguez suggested that different types of clinicians might be amenable
to using rapid diagnostics to inform decision-making. For example, emer-
gency department physicians are accustomed to making decisions with mini-
mal data to triage patients, while an infectious disease specialist may want
a more comprehensive dataset. Ultimately, it may come down to regulators
and payers and how they view the utility of these tests. In the global context,
most clinicians would likely be willing to make decisions based on minimal
data, but the future of these types of tests may depend on whether the WHO
believes that it is sufficient to test for antimicrobial resistance without iden-
tification of the organism.

Following up on the importance of the regulatory perspective, Eder
asked Persing and Roth to comment on the considerations for moving this
type of approach through the regulatory process. Persing said that Cepheid
does not have a particular strategy at this point but is interested in moving
into the UTI space because of the potential for a significant impact. Roth
said that in making a regulatory decision on this approach, the FDA would
consider many issues, including sterile vs. non-sterile sites, potential for co-
infections, and the availability of phenotypic data to validate claims.

Challenges of at-home testing

During the COVID-19 pandemic, at-home testing in the United
States became more widespread and more user-friendly than it had ever
been, said Eder. However, he noted that at-home testing requires self-
collection of specimens, which may be prone to error. Roth pointed out
that self-collection and interpretation improved as time went on during
the COVID-19 pandemic. While there was a learning curve, people may
now be as capable of collecting a sample as a health provider. However,
this may not be the case for all types of samples. For example, it would be
challenging for an mpox patient to collect a quality sample. Persing and
Eder agreed that there is a need to design diagnostic tests in a way that
enables users to collection specimens of adequate quality.

Another challenge of at-home testing, said Eder, is in the interpretation
of results. He shared a story about a relative who called him after an at-home
COVID-19 test and reported that his results were positive because there was
a “huge line at the C, and C must mean COVID.” Daniel Bausch (Director
of Emerging Threats & Global Health Security, FIND, The Global Alliance
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for Diagnostics) suggested that as the technology improves for at-home
tests and it becomes possible to run multiplex tests, it may be beneficial to
simplify the results. For example, instead of having seven lines on a lateral
flow assay that tests for seven pathogens, there could be one line for “viral
disease” and one line for “non-viral disease” Based on this simplified result,
the patient could follow up with their provider as necessary and potentially
forestall some AMR by reducing the use of unnecessary antibiotics.

While not the primary focus of this workshop, global applications
should also be taken into account. Millions of people around the world
do not have routine access to health facilities and clinical testing. When
considering the value of self-tests on a global level, Rodriguez said, the com-
parison should not be between self-testing and clinic testing, but between
self-testing and no testing. Some self-tests may not perform quite as well as
clinical tests, but the choice for many people is between a test with a slight
drop-off in performance or no test at all. Rodriguez said that the perfor-
mance of a self-test depends in part on the ease of specimen self-collection
and that some specimens are easier to collect than others; the utility of
a self-test needs to be considered on disease-by-disease, test-by-test, and
sample-by-sample bases. However, he emphasized that the ability to access
a test usually “dramatically outweighs the small drop-off in performance
from self-testing.”

Leveraging pandemic collaborations for AMR

Eder shared a list of resources that NIAID offers to developers and
stated that public-private partnerships bring together the resources of the
government with the ingenuity of the private sector. Roth shared a project
in which NIH collaborated with the University of Massachusetts to collect
data on COVID-19 testing; these data were collected during an emergency
situation and are now being used to make regulatory decisions. Roth said
that they are hoping these sorts of partnerships can continue in more tradi-
tional settings and in other areas outside of COVID-19. Trainor asked Roth
whether there are plans to leverage ITAP for other disease areas; Roth said
he didn’t know. ITAP was tremendously important for the FDA during
COVID-19, he said, because it removed questions about data quality and
integrity due to the master protocol style. Data were submitted on an ongo-
ing basis, which allowed the FDA to make input or ask for corrections or
interpretation as the program went on. It was a tremendous success, result-
ing in six over the counter COVID-19 tests and is now being used for mpox.

Leveraging pandemic data management processes and infrastructure for
AMR

During the COVID-19 pandemic, data management processes and
infrastructure were established to help manage the sheer number of tests
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being conducted, said Trainor. When considering how these resources could
be leveraged for AMR, Rodriguez said that FIND is actively working to
apply COVID-19 tools and policies to the issue of AMR. Currently, there
remains a significant gap in AMR data for many parts of the world. A new
WHO hub for pandemic preparedness will consider global surveillance
mechanisms and may yield insights that could apply to AMR (WHO,
2022b). The challenge, said Bausch, is figuring out how to integrate AMR
surveillance into routine healthcare systems; parallel systems are infeasible
and unsustainable.

A workshop participant observed that due to COVID-19, there has
never been a more acute awareness of infectious disease. “Amidst chaos
lies opportunity,” he said, and this is the time to get out the message that
antimicrobial resistance is a major threat to health.
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Incentives at the Intersection
of Drug Development and
Complementary Diagnostics

Key Points Made by Individual Speakers:

e Partnerships between diagnostics and therapeutics companies
can help optimize clinical trials by enabling the selection of
patient population, saving time and cost, and limiting unneces-
sary patient drug exposure. (Raymond-Schwartzman)

¢ Innovation involves risk, and partnerships between diagnostics

and therapeutics companies can help distribute the risk. (Frank)

e Market forces alone may not be sufficient to drive develop-
ment of diagnostics and therapeutics; the government has an
important role to play in supporting innovations in this area.
(Sciarretta)

In the field of diagnostics and antibiotic development, said John
Billington (Head of Commercial Pipeline & Health Security, Policy &
Advocacy, GSK), there is a struggle to define the value proposition. Mis-
alignment exists between the true value for patients in the marketplace
and the reimbursement value; this misalignment makes for a “broken
marketplace” for antibiotics and market weaknesses for diagnostics. Policy
opportunities or incentives to correct these market inefficiencies are needed,
said Billington. Speakers in this session explored incentives and disincen-
tives for the development of rapid diagnostics and new antibiotics and
discussed innovative approaches to foster innovation at the intersection
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of complementary diagnostics and drug development. In this discussion,
Billington said, “incentives” may be defined as key elements that will result
in a more robust marketplace for diagnostics and antibiotics together. He
noted that because of differences in the value propositions and market
characterization of diagnostics and antibiotics, there may be divergence in
the kinds of incentives that are appropriate for each type of product.

PANEL DISCUSSION

Case Study: Partnership Between bioMerieux and Entasis Therapeutics

Clinical trials for therapeutics are long, costly, and risk failure, said
Valérie Raymond-Schwartzmann (Companion Diagnostics Senior Program
Director, bioMerieux). Partnerships between diagnostic and therapeutic
companies can help optimize clinical trials by enabling the selection of the
right patient population, saving time and cost, and limiting unnecessary
patient drug exposure. In addition to increasing the probability of clinical
trial success, if the drug and diagnostic reach the marketplace, the partner-
ship can help ensure that patients receive the best course of treatment. A
personalized medicine approach that combines diagnostics and therapeu-
tics, explained Raymond-Schwartzmann, could help ensure the most appro-
priate choice of drug given to a patient increases the chances of a positive
outcome, while reducing the risk of undesirable side effects; this in turn
leads to safer drug adoption and prescription practices.

The diagnostic-therapy combination has key benefits for patients, phar-
maceutical companies, and diagnostics companies, she said. Patients experi-
ence quicker selection of the optimal therapy, improved outcomes, reduced
side effects, and a deeper understanding of the disease and medical decision.
Pharmaceutical companies gain an increased probability of clinical trial suc-
cess, safer drug prescription practices that protect drug efficacy and prevent
misuse, and the opportunity to get a premium reimbursement because a
higher medical value is being delivered to patients. For diagnostics compa-
nies, there is increased recognition of their medical value and opportunities
for collaboration on market access, medical education and promotion, and
reimbursement.

Raymond-Schwartzmann described the BIOFIRE® Pneumonia Panel
(BPP) as an FDA-cleared and CE-marked multiplex PCR system that inte-
grates sample preparation, amplification, detection, and analysis into one
closed system, and requires two minutes of hands-on time with results
available within one hour (Buchan et al., 2020). It is a comprehensive panel
with multiple targets, including bacteria, viruses, and resistance markers.
It is intended for use in diagnosing direct-from-sample lower respiratory
tract infections and uses samples from sputum or bronchoalveolar lavage.
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It can be used in outpatient, inpatient, or emergency department settings.
Next, she described how the BPP could be used to optimize a clinical trial
for a new antibiotic (Figure 4-1). Potential subjects for the trial would be
hospitalized adults with respiratory symptoms; Raymond-Schwartzmann
noted that infections could be caused by different pathogens with similar
clinical symptoms. With a drug targeted at Acinetobacter baumannii, it
would be critical to identify which patients were infected with this specific
pathogen. The BPP can be used to quickly screen patients, and those with a
positive result are enrolled. Raymond-Schwartzmann observed that if only
one patient was enrolled out of every 6 to 10 patients screened, screening
would help a large proportion of patients avoid exposure to an unnecessary
treatment.

Alita Miller (Chief Scientific Officer, Entasis Therapeutics) shared an
example of how BPP was incorporated into a clinical trial comparing
the safety and efficacy of sulbactam-durlobactam (SUL-DUR) vs. colistin
for the treatment of carbapenem-resistant Acinetobacter calcoaceticus-
baumannii complex (ABC) infections. The Acinetobacter Treatment Trial
Against Colistin (ATTACK) trial® was a global Phase 3 study that enrolled
183 patients from 16 countries.> The study had two parts. In Part A,
patients with documented ABC infections were randomized to receive either
SUL-DUR or colistin, with a primary endpoint of all-cause mortality at
day 28. In Part B, patients who were not eligible for Part A, because their
infection was colistin resistant or the patient was intolerant to colistin,
were given SUL-DUR. The data showed that SUL-DUR was non-inferior
to colistin for all-cause mortality and was statistically significantly less
nephrotoxic.

BPP was used in ATTACK to enable early identification of ABC in
respiratory samples from patients being evaluated for enrollment eligibil-
ity, said Miller. Although the BPP test can detect multiple viral or bacterial
pathogens, only positive results for ABC were considered or documented
for enrollment purposes in ATTACK. All 83 sites were given the device and
encouraged to use it, but it was not required. The study protocol required
each patient to have a respiratory sample processed for standard culture
in a lab. Patients who met all other enrollment criteria and had a positive
ABC result on the BPP test were enrolled in the study while awaiting culture
results; if the culture was negative, the patient was withdrawn from the
trial. Of the 83 sites, 73.5 percent used BPP to evaluate pneumonia patients,

1 See https://clinicaltrials.gov/ct2/show/NCT03894046 (accessed January 31, 2023).

2 Results from the ATTACK study are expected to be published in the second half of 2023
but were not yet public at the time of the workshop. See https://investors.entasistx.com/news-
releases/news-release-details/entasis-therapeutics-initiates-global-phase-3-pivotal-trial (accessed
January 25, 2023).
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and a total of 422 BPP tests were performed for ATTACK. Of these, 123
patients tested positive for ABC on the BPP, and 106 of these were also
culture positive for ABC.

This trial represents the first successful competition of a clinical trial
to evaluate pathogen-directed therapy for a drug resistant gram-negative
infection, said Miller, and a key component of that success was the ability
to make enrollment decisions within 48 hours using a rapid test. Most sites
that were provided with the test used it, and 70 percent of patients were
able to be excluded from enrollment by using the BPP. Further, there was
a high correlation between the rapid test and culture results. Miller said
that these data suggest the enrollment of pathogen-directed clinical trials
can greatly benefit from the use of a rapid diagnostic test, and personalized
antibacterial therapy can lead to better patient outcomes.

Biotechnology Perspective

Despite the need for new antibiotics, there are challenges when it
comes to financing clinical trials, obtaining FDA approval, and moving
a new antibiotic onto the market, said Gregory Frank (Director, Global
Public Policy, Merck). Many antibiotic companies, particularly small bio-
technology companies, have entered the market and faced intense challenges
that often left them in bankruptcy or having to sell off the company. Frank
noted that these examples speak to the need for collaboration between
antibiotic and diagnostic developers to share the risks associated with anti-
biotic development and increase the chances of success, as seen in the BPP/
ATTACK example discussed above. There are incentives available to sup-
port antibiotic development, said Frank, but it is unknown how effectively
these incentives link support for antibiotic development with support for
complementary susceptibility testing. Billington added that in addition to
risk-sharing among companies, a third party (e.g., the government) could
play an important part in collaboration and sharing risk.

Biomedical Advanced Research and Development Authority Perspective

Kim Sciarretta (DRIVe Launch Office Branch Chief, Biomedical
Advanced Research and Development Authority (BARDA)) focused her
remarks on three areas: preparation for emerging threats, the clinical value
of products, and the role of BARDA in catalyzing innovation in this area.

Preparedness

As a preparedness and response organization, BARDA focuses on
responding to current threats as well as developing the flexibility and agility
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for responding to future threats, said Sciarretta. One way in which BARDA
pursues this goal is by considering antibiotics and diagnostics that target
more than just one pathogen. This could take the form of platform-type
diagnostics that are multiplex or that can rapidly adapt to new pathogens.
Another area of focus is on the host-response in disease. For example,
sepsis is a host dysregulation and organ dysfunction that occurs because of
infection. Monitoring and targeting the host response through diagnostics
and therapeutics may be an appropriate means to address AMR threats.
Sciarretta noted that close to 80 percent of sepsis cases arise outside of the
hospital setting, and she emphasized the importance of early identification
and mitigation in multiple types of settings (Novosad et al., 2016).

Role of BARDA

BARDA’s mission is to secure the nation from threats, such as pan-
demics and emerging infections, through advanced development of medi-
cal countermeasures. This mission, said Sciarretta, enables BARDA to
establish public-private partnerships, which have led to 64 FDA approvals,
licensures, and clearances to date (BARDA, 2022). BARDA’s 2022-2026
strategic plan contains a prominent commitment to combat antimicrobial
resistance through approaches including reinvigorating the antibiotic pipe-
line and catalyzing innovation across the medical countermeasure pipeline.>

Sciaretta said that BARDA is more than a funding agency and is avail-
able to provide wraparound support and expertise in any stage of the prod-
uct development cycle, including regulatory approval. Funding is provided
by BARDA through several mechanisms, including

e BARDA Broad Agency Announcement:* focused on topics that
align with BARDA’s strategic plan, including the antibacterials
division and diagnostics division;

e DRIVe EZ-BAA:’ rapid turnaround, smaller dollar value funds
aimed at de-risking innovative and promising technologies;

e Project BioShield:® supporting advanced development and procure-
ment of products.

In addition to funding, BARDA has an accelerator network to sup-
port entrepreneurs and early technology development as well as strategic

3 See https://medicalcountermeasures.gov/barda/strategic-plan/ (accessed January 27, 2023).

4 See https://medicalcountermeasures.gov/barda/barda-baa/ (accessed January 27, 2023).

5 See https://drive.hhs.gov/partner.html (accessed January 27, 2023).

¢ See https://www.medicalcountermeasures.gov/barda/cbrn/project-bioshield (accessed Janu-
ary 27, 2023).
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public-private partnerships such as CARB-X. Finally, BARDA recently
established a ventures program in which BARDA can take an equity stance
in financing companies to provide a unique means of funding and support
to technologies that are relevant to BARDA’s mission.

DISCUSSION

Challenges of partnerships

Raymond-Schwartzmann said that one challenge in collaboration is
finding the right time to form a given partnership. If an agreement is made
too early in the drug development process, there is the risk that the drug may
fail before trials begin. If an agreement is made too late in the drug devel-
opment process, the diagnostics company might not be able to develop
a test in time. Raymond-Schwartzmann suggested that the right time to
begin discussions is during Phase II, and both parties should anticipate
that it will take time to agree on the details of the collaboration. During
the development process, the drug and the diagnostic follow separate path-
ways, but those pathways will have to link up at some point. Regulatory
approval for each product type depends on the success and approval of
the other, and each may need support from the other to collect the right
evidence. Miller added that an additional challenge from the perspective
of the pharmaceutical company can be the cost of diagnostic. In the case of
the SUL-DUR drug to combat Acinetobacter, it was not feasible to launch
the drug with the BPP advanced diagnostic device due to cost, she said.
Although the device and drug are very effective, Acinetobacter infection is
rare in the United States.

Incentives

Given the potential benefits of co-developing drugs and diagnostics,
Billington asked panelists to discuss specific types of incentives that might
work in this context. Frank replied that the first step would be to assess
existing incentives for antibiotic development and examine whether, and to
what extent, they support co-development. With existing structures and
funding streams in place, Frank noted “there is a conversation to be had”
with funders about what they are doing and what more could be done. He
emphasized that it may be difficult to adjust existing funding programs, but
this would still be easier than establishing a new incentive program solely
dedicated to co-development. In terms of market incentives, Frank sug-
gested that one approach could be a temporary add-on reimbursement for
a new susceptibility test that, if crafted properly, could support more rapid
uptake of susceptibility testing and help de-risk the process of bringing
these diagnostic products to market. J. Patel added that test developers need
help obtaining characterized isolates, so the CDC Antibiotic Resistance
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Isolate Bank is a valuable resource. R. Patel added that another resource
for isolates is the Antibacterial Resistance Leadership Group Biorepository.”

Financial benefit of collaboration

In terms of the financial benefit of co-development, Miller said that
ability to complete the trial quickly was invaluable. The ATTACK trial was
expensive, in part due to the cost of the diagnostic, but the BPP allowed a
design that rapidly excluded most screened patients and focused on those
with Acinetobacter infection. For a small company, being able to do the
trial quickly and efficiently was critical. Frank added that the cost of enroll-
ing patients in an antibiotic trial may be close to one million dollars, which
is not a sustainable price for small or large companies. The more collabo-
ration encouraged between diagnostics and pharmaceutical companies to
de-risk the process and make trials more efficient, the better.

7 See https://arlg.org/laboratory-center-strain-access/ (accessed January 25, 2023).
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Health Equity Considerations

Key Points Made by Individual Speakers:

e AMR is a “complex, unpredictable, irreversible, progressive,
painful, suffocating, choking weed.” Sharing stories about the
experiences of people living with and dying from AMR is one
way to raise awareness and advocate for change. (Shader Smith)

e Ethical considerations for AMR have not received much atten-
tion, but there are pressing bioethical issues that merit further
exploration when it comes to the development and use of rapid
diagnostics. (Evans)

e To be sustainable, systems for detecting and addressing AMR
should be integrated into routine health systems so that they
offer regular value to patients, clinicians, and the public health
enterprise. (Bausch)

e There is a need to better quantify and characterize the intersec-
tion between AMR and health inequities and carry out studies
that enroll participants who are representative of the popula-
tions that bear the burden of disease. (Pettigrew)

¢ Equity may be path-dependent, so innovating AMR diagnostics
for low- and middle-income countries requires designing, not
just adapting, technologies for this context. (So)
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PATIENT STORY: MALLORY SMITH

“We’re losing the battle against bacteria,” stated Diane Shader Smith
(Mother of the late Mallory Smith, author of Salt in My Soul, and AMR
advocate). According to Shader Smith, despite years of messaging on the part
of scientists and thought leaders, the issue has not penetrated the American
consciousness the way it needs to. Shader Smith, whose daughter, Mallory,
died in 2017 due to an antibiotic-resistant bacterial infection, emphasized
that it is critical to hear the voices and understand the experiences of people
living with and dying from AMR. Shader Smith suggests that storytelling is
one way to get there.

Mallory was diagnosed with cystic fibrosis at the age of three. She
had a happy childhood with no significant health challenges until she was
colonized by Burkholderia cenocepacia, an opportunistic bacteria that com-
monly infects immunocompromised patients, at the age of 12. Suddenly,
as her mother put it, “Mallory had an expiration date.” By high school,
Mallory was in and out of the hospital, each time needing IV antibiotics
for weeks to months. Despite her health challenges, Mallory was a typi-
cal, high-achieving teenager who got straight As and played three varsity
sports. However, in the second half of her senior year, Mallory got very
sick. She ended up attending her high school prom and was voted prom
queen. Unfortunately, a student threw a smoke bomb into the venue, sear-
ing Mallory’s lungs, and she began coughing up blood.

These experiences instilled in Mallory a profound understanding of
how precarious life is, said Shader Smith. Over the coming years, she was
hospitalized repeatedly. These visits followed the same routine: cultures
were taken, antibiotics were prescribed, drug susceptibility tests were per-
formed, and antibiotic cocktails were adjusted. Shader Smith said that
based on her lay understanding, antibiotic use is what leads to resistance.
Better diagnostics could have helped Mallory.

AMR is a “complex, unpredictable, irreversible, progressive, painful,
suffocating, choking weed,” said Shader Smith. As Mallory’s body deterio-
rated, her mind sharpened and she honed her writing skills. She spent the
next 10 years documenting what it was like to live with a drug-resistant
bacteria. Mallory graduated from Stanford University and wrote her first
book, but AMR continued to wreak havoc on her life. Eventually, said
Shader Smith, the only option left for Mallory was a lung transplant. Her
insurance company initially denied the transplant; she was finally approved
because her family “knew someone who knew someone.” Shader Smith
said that skewed social and economic policies and care practices made
things easier for Mallory than for others, and Mallory wanted to use her
privilege and power of the pen to expose these injustices. While waiting
for her transplant, Mallory wrote, “I want to maintain dignity to whatever

PREPUBLICATION COPY—Uncorrected Proofs

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/27008

Accelerating the Development and Uptake of Rapid Diagnostics to Address Antibiotic Resistance: Proceedings ...

HEALTH EQUITY CONSIDERATIONS 51

extent possible, to receive whatever lifesaving tactic is appropriate, to be
able to communicate in some way, to have the blinds open for natural light,
to have calming music to listen to, to have my mom or dad with me always.
I want to live.”

The call for a lung transplant finally came, and despite a grueling
recovery, Mallory celebrated her 25th birthday without supplemental oxy-
gen. It was a happy time, said Shader Smith, and they dared to dream
about a new life. However, a few weeks later, the B. cenocepacia infection
returned, and Mallory was out of options. Mallory’s father reached out to
Stephanie Strathdee, an epidemiologist who had used phages to help save
her husband (Macpherson, 2021). Strathdee amplified the call on Twitter
and pleaded with researchers around the globe for help in finding phage
matches. Mallory was on a ventilator but scribbled a note to her loved ones:
“Can’t talk at all, but so grateful you are all bere for the hardest part.” A
phage match was found, and Mallory became the first patient in the United
States with cystic fibrosis to receive phage therapy. “We were filled with
hope,” said Shader Smith, but the next morning the family had to make
the “gut-wrenching decision” to remove Mallory from life support. The
autopsy revealed that the therapy had started to work but not in time to
save Mallory’s life.

Mallory’s writings were published posthumously as Salt in My Soul,
which led to a documentary of the same name (Smith, 2019; 3Arts Enter-
tainment, 2022). The Lancet published the largest study to date about
superbugs at the same time the New York Times referred to Salt in My
Soul as an awareness raising tool about the possibilities of bacterial phages
(Antimicrobial Resistance Collaborators, 2022; Kenigsberg, 2022). “The
seeds of my advocacy were planted by Mallory,” said Shader Smith.
Mallory’s writing has enabled Shader Smith to share the patient voice, raise
awareness, advocate for phage therapy, and address the need for better
diagnostics. Shader Smith has taken on this advocacy role in a variety of
settings, speaking at medical schools, bookstores, community events, con-
ferences, Capitol Hill, and the White House. “I’m not a doctor, a scientist,
a lobbyist, or a paid publicist,” said Shader Smith, “just a grieving mom
trying to make sense of the world and my place in it.”

PANEL DISCUSION

Bioethics Perspective

Nicholas Evans (Chair, Associate Professor, University of Massachusetts,
Lowell) observed that discussions about AMR rarely include a focus on
bioethics or justice. Evans referenced several decades’ worth of National
Academies’ publications on AMR and found no mention of “health equity.”
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He did find one mention of “justice” in the context of AMR, but it was in
a small subsection of a larger report about infectious disease research. A
search on PubMed, said Evans, reveals only 16 articles that discuss bioethics
and antimicrobial resistance. Evans suggested a few reasons for this gap.
First, there may already be moral clarity on the issue of AMR; as he put
it, “Antimicrobial resistance is bad. We should fix it.” Second, the field of
bioethics has not historically focused on infectious disease. More recently,
there have been bioethics discussions in areas of infectious disease, but they
have tended to emphasize high-profile pathogens such as SARS or Ebola.
The third reason, said Evans, is that AMR has received little public atten-
tion in general and for this reason may not be a priority for bioethicists. The
published literature that addresses AMR mainly explores issues of distribu-
tive justice; that is, certain groups of people have access to antimicrobial
medications while other groups have limited access.

In the context of rapid diagnostic development and use, Evans identi-
fied three pressing bioethical issues:

e Use of AMR diagnostics in research
¢ Diagnostic data and sample sharing
e Cost and access

Use of AMR diagnostics in research

In the United States, Federal Policy for the Protection of Human
Subjects (‘Common Rule’) defines research as “a systematic investiga-
tion, including research development, testing, and evaluation, designed to
develop or contribute to generalizable knowledge” (45 CFR, §46.1021).
Public health surveillance activities are exempted from this policy. Evans
argued that research using AMR diagnostics should be considered under
the Common Rule given that diagnostics can be used to track the move-
ment and evolution of resistant pathogens, thus contributing to generaliz-
able knowledge. Evans recognized that this shift in policy would require
diagnostics researchers to engage with an institutional review board (IRB),
which can be a cumbersome process. To facilitate the process, there would
need to be better data management, data harmonization, and data stan-
dards in place for rapid diagnostics for AMR. Elevating AMR diagnostics
to research status under the Common Rule, said Evans, could open oppor-
tunities for product development pipelines and standard setting for treating
drug-resistant bacterial infections.

Diagnostic data and sample sharing

In past public health efforts, there has been a lack of consistent atten-
tion and commitment to domestic and international data and sample shar-
ing, said Evans. For example, during the 2006 avian influenza pandemic,
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Indonesia decided to withhold avian influenza A H5N1 samples from the
WHO due to concerns about global inequities and lack of access to vaccines
for developing countries (Fidler, 2008). Another example was seen when
Sierra Leone was unable to retrieve Ebola virus disease samples from the
United Kingdom due to national security restrictions (Evans et al., 2020).
Data and sample sharing are core concerns when it comes to global health
equity and justice, said Evans, and ensuring access to results and samples
is critical for controlling infectious disease and AMR.

Cost and access

Evans highlighted that the key equity drivers for AMR are cost and
access as bioethicists regard AMR as an issue of distributive justice. Evans
further explained that the cause of AMR is largely an issue of unequal
distribution of resources: antibiotics are often overprescribed in wealthy
countries and underprescribed in poor countries (Selgelid, 2007). This
inequity represents a failure of market-based healthcare allocation. Equity
concerns may also arise for diagnostics that are not affordable or univer-
sal in design. Evans argued that it is essential to encourage collaboration
across nations and public health authorities so that diagnostics are ethically
designed and implemented in a manner that can be delivered at any point-
of-care globally.

Research Perspective

AMR is an ongoing pandemic and like all pandemics there are equity
issues in terms of who gets resources and how those resources are distrib-
uted at the national- and community-levels, said Daniel Bausch (Director of
Emerging Threats & Global Health Security, FIND, The Global Alliance for
Diagnostics). People who are disenfranchised and on the margins of society
are nearly always the ones who suffer the most, however, Bausch offered
four potential ways to address some of these inequities.

First, there is a need for effective messaging, both to the public and
political leaders. Bausch noted that progress is often driven by constituents
demanding change. For example, patient advocacy led to progress in HIV
research and development. Despite powerful stories, like the ones shared
at this workshop, this has largely not happened for AMR. There is a need
to build a constituency that will come together, speak frankly with political
leaders, and give AMR the attention it deserves.

Second, there is a need to move beyond the concept of binary
diagnostics—tests that indicate whether or not a patient has a particu-
lar disease. Bausch said that when patients are told they do not have a
disease—whether Ebola or COVID-19—they might be happy for a moment
but then the focus turns to figuring out what they do have. There are new
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diagnostic tools that will help with this issue, but these products must be
available at a price point that makes them globally accessible.

Third, said Bausch, it is critical that systems for detecting and address-
ing AMR are integrated into routine health systems. Parallel systems are
often established during outbreaks but become obsolete once the outbreak
is resolved. Instead, surveillance should be built into existing systems and
sustained in a way that offers value for patients, clinicians, and the public
health enterprise.

Finally, there is a need to build equity into health systems to reduce
vulnerabilities and inequities. For example, Bausch advocated that manu-
facturing be distributed around the world so that product pipelines are not
dependent on just a few countries, and that health coverage and access to
care should be universal.

Public Health Perspective

“Profound inequities are woven into the U.S. healthcare and public
health systems,” said Melinda Pettigrew (Professor of Epidemiology and
Interim Dean, Yale School of Public Health) and these inequities are inex-
tricably linked to structural factors and social determinants of health and
can manifest across the trajectory of care. Inequitable outcomes in health
can be a result of inequitable access to care, including a lack of fair and
just access to diagnostics. Data that would help elucidate and identify
disparities in AMR are not routinely collected, but there are some cases
of well-documented disparities. For example, rates of gonorrhea vary by
race and ethnicity and disproportionately impact members of certain racial
and ethnic groups (Lieberman et al., 2021). Pettigrew pointed to employ-
ment, access to care, housing, health literacy, and behavioral factors that
can alter an individual’s exposure and risk for AMR infection. Some of
these behaviors, said Pettigrew, are highly stigmatized, putting individuals
at extra risk and influencing how they interact with the public health and
healthcare system.

According to Pettigrew, in order to address health inequities, the first
step is to identify groups that are at risk and to better understand the
drivers and mechanisms behind these inequities. For example, race is a
major driver of health inequities. Pettigrew stressed that it is important
to identify the mechanisms, which could be socially constructed as well
as biology- or genetic-based. For instance, if there are differences between
men and women in terms of treatment efficacy, this could be due to a dif-
ference based on biology or how men and women interact with the health-
care system and what options they are offered. These types of questions
are not always explicitly asked, and they are not always appropriately

addressed.
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While there are organizations working to improve health equity,
Pettigrew emphasized a need for more work, particularly in the AMR space.
There is a need to better quantify and characterize the intersection between
AMR and inequities and carry out studies that enroll participants who are
representative of the populations that bear the burden of disease, she said.
In 1993, the NIH was given explicit authority to direct investigators of
funded research to improve representation in trials with respect to gender,
race, and ethnicity, but these policies do not apply to private industry. The
FDA requires sponsors of new drug applications to present efficacy and
safety data by gender, age, and racial subgroups, and in 2014, the FDA
published an Action Plan for encouraging more inclusive trial participa-
tion.! However, after decades of voluntary and aspirational initiatives, there
remains a lack of diverse representation in clinical trials, said Pettigrew.

Draft legislation passed by the U.S. House of Representatives in June
2022 would require study sponsors to submit a diversity action plan,
including a description of how they plan to increase access for certain
demographic groups.? However, these provisions would not fully resolve
the barriers to diverse participation, including restrictive eligibility criteria,
costs associated with participation, and limited outreach. Pettigrew said
there is also a need for federal incentives, standards for diversity in research
standards, and post-marketing surveillance to monitor effectiveness.

Access and Innovation Perspective

In 2019, 255,000 people in Sub-Saharan Africa died because of AMR
and over half were children under 5, said Anthony So (Professor of the
Practice; Director, Innovation + Design Enabling Access (IDEA) Initiative,
Johns Hopkins Bloomberg School of Public Health) (Antimicrobial Resis-
tance Collaborators, 2022). At the same time, the 2022 Mapping Anti-
microbial Resistance and Antimicrobial Use Partnership (MAAP) project
(MAAP, 2022) found that laboratory services were largely inaccessible:

e Only 1.3% of the 50,000 medical laboratories in the 14 countries
studied conducted bacteriology testing;

e In 8 out of 14 countries studied, bacteriology labs were geographi-
cally accessible to less than 50% of the population;

e 80% of the 205 labs surveyed performed fewer than 1000 anti-
microbial susceptibility tests per year.

1 See https://www.fda.gov/media/89307/download (accessed January 23, 2023).
2 Consolidated Appropriations Act, 2023, Public Law 117-328, 117th Cong., 2d sess.
(December 29, 2022).
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For patients in resource-limited settings, the barriers to access extend
across the entire value chain, said So. On the development end, there
are challenges with the value proposition for investing in a point-of-care
diagnostics suited for resource-limited settings. Once a product is on
the market, it may be priced out of reach and healthcare workers may
opt for antibiotics because there is no available diagnostic nearby. These
barriers to equitable access at the technology, financial, and structural
levels are deeply intertwined. Both push and pull incentives can be used
to address barriers and increase access. So identified a need for strategic
thought on how push incentives—paying for the inputs of R&D—and
pull incentives—paying for the outputs of R&D—can work to build the
innovation ecosystem and contribute to the access that is needed globally.
Pull incentives, however, typically benefit groups that already have capital
to run the race for a prize. To address this, the Longitude Prize on Anti-
microbial Resistance, a prize competition for innovation in point-of-care
diagnostics, offered discovery awards to provide seed funding for teams
to get their ideas off the ground.? There is a need for more effort on push
incentives to encourage those who may have an alternative approach that
is focused on low- and middle-income countries (LMIC).

Bringing diagnostics into the healthcare systems of LMIC often requires
tradeoffs between efficiency and accuracy. So shared a table (Figure 5-1)
that demonstrates the tradeoffs in implementing a diagnostic for bacterial
pneumonia. Implementing a test that has perfect performance but requires
advanced infrastructure would result in fewer lives saved than a test with
good performance that can be used in environments with minimal infra-
structure. So emphasized that care must be taken to avoid the perception of
double standards and to navigate regulatory approval for diagnostics that
are designed for conditions of minimal infrastructure.

Even when diagnostic technology is effective and affordable, said So,
there can still be unintended consequences from implementing it. For exam-
ple, a clinical algorithm applied by healthcare workers to manage patients
presenting with fever used a combination of respiratory rate and rapid
diagnostic tests for malaria to determine if antibiotic treatment, not just
antimalarial treatment, were needed (Mukanga et al., 2012). He explained
that some providers did not prescribe antibiotics when the malaria test
was positive, even if the respiratory rate was high enough to diagnose
pneumonia, but providers would also prescribe antibiotics when the respi-
ratory rate was normal and the malaria test was negative; So suggested this
overuse may have stemmed from the healthcare provider’s interest in pro-
viding some kind of treatment to the pediatric patient. To help ensure equi-
table results from diagnostics, So suggested wraparound implementation

3 See https://longitudeprize.org/ (accessed January 23, 2023).
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FIGURE 5-1 Comparison of lives saved by a new diagnostic for bacterial pneumonia
SOURCE: Presented by Anthony So, October 14, 2022; Burgess et al., 2007. See
https://www.rand.org/pubs/research_briefs/RB9293.html (accessed March 1, 2023).

research to improve our understanding of what happens when technologies
are deployed.

There are important lessons that can be learned from previous experi-
ences in AMR diagnostics, said So. The GeneXpert System was an impor-
tant advance that allowed for diagnoses of tuberculosis and rifampicin
resistance. The technology platform is proprietary and pricey at around
$17,000 per machine; test cartridges are just under $10 at the volume-
discounted price. Public funders contributed over $250 million to its devel-
opment, said So (Gotham et al., 2021). With this type of investment, should
funders have insisted on an interoperable platform rather than a proprietary
one? Should funders have insisted on more transparency on pricing? These
types of questions, said So, can help better assess fair return on public
financing in the future.

So shared the details of two innovations that were motivated by equity
considerations, both of which were supported by Doctors without Borders
(MSF). Antibiogo is an Al-based mobile app that is designed to help inter-
pret AST, particularly where trained technicians may not be available.* The
Mini-Lab is a core laboratory system designed for rapid setup in field set-

4 See https://antibiogo.org/ (accessed January 23, 2023).
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tings, from conflict-ridden areas to refugee camps.® Both of these develop-
ments approach innovation with equity and accessibility built into design.
In conclusion, So shared three final thoughts. First, a systems perspec-
tive would enable strategic consideration of how to nurture dual markets in
high-income countries and resource-limited markets that support equitable
and sustainable access to diagnostics. For example, diagnostic platforms
could serve to monitor and track emerging infections in health care settings
as well as monitor prevalence of pathogens in wastewater. Second, there is
a need to consider how to bundle the development, use, and reimbursement
of diagnostics with drugs to lower costs and improve treatment. Finally,
said So, diagnostics should be considered as part of a “best buy bargain” to
address AMR. He said that “no one blinks” when billions are spent in pub-
lic financing for new drugs, but there is a need to consider the opportunity
costs of such funding if effectively deployed on complementary technologies
like diagnostics. AMR-related complications in the Organization for Eco-
nomic Co-operation and Development (OECD) and European Union (EU)
countries are estimated to cost up to $3.5 billion each year; investing just
$2 per capita per year in a comprehensive public health package, including
diagnostics, to tackle AMR would avert 47,000 deaths per year in OECD
countries and would pay for itself in under a year (OECD, 2018).

DISCUSSION

Gathering evidence and turning evidence into action

Evans described three barriers to gathering data necessary to under-
standing the extent of disproportionate impacts of AMR. First, the
fragmentation of the health system makes it difficult to collect data, in suf-
ficiently high levels of granularity, and then share data among researchers,
administrators, and other stakeholders. Second, there are competing and
incompatible platforms for storing data, which exacerbates the difficulties
of producing and sharing. Third, many labs simply do not have the capacity
to collect these types of data. Pettigrew added that while collecting and
managing data are challenges, it is important to first identify the types of
data that are being collected and those that should be collected. Many of
our definitions and labels are ill-defined and not always useful; for example,
when considering the impact of race on AMR, is it the biological aspects
or sociocultural determinants that matter? Collecting data using standard
definitions will help identify who is at risk and where resources are needed
but will not address the underlying mechanisms. Other data points that
may be useful—such as insurance status or socioeconomic status—are very
challenging to collect, particularly within healthcare systems. In addition,

3 See https://fondation.msf.fr/en/projects/mini-lab (accessed January 23, 2023).
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there is a need to improve the diversity of those who participate in studies
by addressing barriers to access and lack of trust. Despite these challenges,
however, Pettigrew said “we have to start somewhere.” It would be benefi-
cial to have macro-level data on race and ethnicity to assess disparities and
identify groups that need special attention.

So said that as important as collecting data is, it does not always
translate into increased action. For example, a study published in The
Lancet said that 1.27 million people per year are dying of drug resis-
tant bacterial infections, and the World Bank estimates that if AMR goes
unchecked, 24 million people will be forced into extreme poverty by 2030
(Antimicrobial Resistance Collaborators, 2022; World Bank, 2017). Unfor-
tunately, these numbers have not been enough to move policy makers to
provide the necessary and commensurate resources. Addressing inequity
cannot be done through data alone; sometimes it requires “putting a face to
inequity.” Stories of people like Mallory Smith are so important to helping
the public understand the scope of threat that AMR poses. Additionally,
said So, there is a need to translate and communicate data in ways that are
simple, straightforward, and lead to actionable results. AMR comprises a
constellation of issues rather than one specific disease, meaning it can be
particularly difficult to garner support and get results.

Bausch agreed that while better data are needed, it would be naive to
think data alone could spur action. In addition, equity arguments alone
will not make the case; Bausch noted that there are data about inequities
in multiple areas of health, but global resources are limited and economic
constraints exist. What is needed, he said, are real-world political and eco-
nomic arguments and a constituency of people who will demand change
from decision makers. The “unfortunate reality” of our system is that
politicians are looking for things that will benefit them and get them votes.
Political cycles are short, so politicians need clear economic arguments
about short-term benefits.

Shader Smith agreed with So that putting a face to the disease is critical
for getting decision makers on board. Whether it is her daughter Mallory,
patients with Valley Fever, or amputees, decision makers need to be able to
see and understand the real-world impact on individual people. In addition,
Shader Smith said, AMR discussions tend to happen in an echo chamber
that is full of “alphabet soup” (i.e., acronyms). While these discussions are
useful for sharing information, people on the outside of the echo chamber,
or without specialized medical knowledge, are largely unaware of the prob-
lem or potential solutions.

Diversifying clinical trials

So encouraged stakeholders to consider diversity within a global
context. He pointed out that depending on the setting, a diagnostic or
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treatment may play out very differently. Based on experiences during the
ongoing COVID-19 pandemic, clinical trials tend to rely on existing infra-
structure, which may not overlap with places of diverse populations. Unless
the clinical trials infrastructure extends into more diverse communities,
said So, AMR researchers will continue to only “look at the light under
the lamp post.”

Bausch said the entire system of research, development, and deploy-
ment of drugs and diagnostics is “haphazard” and “disjointed” with differ-
ent stakeholders, barriers, and incentives at each step along the way. As a
result, it is difficult for people to see the value in clinical trials, particularly
for something like AMR. In contrast, his experience enrolling patients in
a trial for an Ebola vaccine in the Democratic Republic of the Congo was
relatively straightforward because there was an ongoing Ebola outbreak.
There is a need to communicate the value of clinical trials and for people
to see there is value for themselves and their communities in participating
in research.

One marginalized group that is not often talked about, said Evans, is
the community of people with disabilities. AMR-related issues appear to be
more likely for people who have a disability or chronic disease (e.g., cystic
fibrosis, amputee). These individuals are generally empowered to want to
engage in the research process, he said, in part because medical care is a
lifeline that allows them to live their lives as fully as possible. There is an
urgent need for research that examines the interactions between AMR and
different kinds of chronic conditions, comorbidities, and disabilities.

Pettigrew said that it can be difficult to know which populations should
be included in a clinical trial. For example, if an infection is six times more
prevalent in one population than another, should the enrollment reflect this
ratio or should it reflect census data? Should trials focus the people who
are most impacted by a condition or address more generalizable questions?

Incorporating diversity and equity from the beginning

A virtual participant asked panelists to comment on how consider-
ations for diversity and equity can be intentionally incorporated from the
very beginning of the development process for AMR diagnostics. Pettigrew
responded that the first step is to look at the diversity of the field itself.
“We all approach the world and research problems and challenges with our
own lens based on our own experiences,” so if there are not enough diverse
investigators running trials, there will not be diverse trial participants. In
terms of barriers to trial participation, Pettigrew said that investigators need
to consider issues such as access to the trial site, reimbursement for travel,
and taking time off work. In addition, she agreed with Bausch that people
need to see the value in participating in a trial. People need to understand
the potential impact of AMR on themselves and their communities, and
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they need to believe that their communities will benefit from the trial. For
example, she said, trials where a product is tested in community A but will
be used in community B are not useful.

Bausch agreed and said that investigators should be realistic and con-
crete about the benefits for clinical trial participants, rather than framing
participation as a general benefit to humankind. The development process
takes time, so investigators should be honest when engaging trial partici-
pants and communities. Evans referred to his earlier example of Indonesia
withholding avian flu samples because they believed their nation would
not benefit from the research (Fidler, 2008). This example drives home the
importance of ensuring that research is designed in a way to benefit the pop-
ulations participating in a trial.

So added that it can be challenging to enroll diverse populations if they
will not be able to afford or benefit from a given technology. One approach
for addressing this issue could be to design and target rapid diagnostics for
use in resource-limited settings rather than trying to adapt technologies
once they have been developed for a higher resource setting. Evans added
that fundamental design principles in addition to price points, trial partici-
pation, and other issues, should include engagement from people who have
a disability or chronic disease.

Building momentum and public engagement

As speakers have noted, said Kester, it can be challenging to build
momentum and public engagement behind the issue of AMR because it is
such a broad and variable condition. Visible diseases like polio or Ebola are
more likely to get traction, whereas AMR is a hidden epidemic. Bausch and
Evans underscored the value of consistent and focused messaging. Speak-
ing from a marketing perspective, Shader Smith posited that if a popular
and accessible platform, such as the Today Show, had an amputee, a cystic
fibrosis patient, and a caregiver of a deceased patient share their stories this
could be a powerful way to educate and reach people. Shader Smith pointed
out the need for a global marketing plan that includes people from outside
of the insulated community of existing AMR experts and stakeholders. The
discussions at this workshop are important, said Shader Smith, but it is
essential that the messaging be spread into the general public.
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Diagnostic Stewardship

Key Points Made by Individual Speakers:

¢ Antimicrobial stewardship and diagnostic stewardship are com-
plementary practices that go hand in hand to guide therapeutic
decisions. (Burnham)

e The impact of a rapid diagnostic use will vary depending on
local resistance rates, antibiotic prescribing practices, patient
populations, the availability of stewardship programs, and base-
line laboratory practices. (Banerjee)

e There would be value in establishing metrics to drive diagnostic
use and antibiotic stewardship and to better understand how
antibiotics are being used within healthcare systems. (Flayhart)

LABORATORY CLINICIAN PERSPECTIVE

Antimicrobial stewardship and diagnostic stewardship are comple-
mentary practices that go hand in hand to guide therapeutic decisions
(Figure 6-1), said Carey-Ann Burnham (Chief Clinical Officer, Pattern
Bioscience). Diagnostic stewardship can be defined as:

Coordinated guidance and interventions to improve appropriate use of
microbiological diagnostics to guide therapeutic decisions. It should pro-
mote appropriate, timely diagnostic testing, including specimen collection,

63
PREPUBLICATION COPY—Uncorrected Proofs

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/27008

Accelerating the Development and Uptake of Rapid Diagnostics to Address Antibiotic Resistance: Proceedings ...

64 DEVELOPMENT AND UPTAKE OF RAPID DIAGNOSTICS

—] Patient

Clinical - Effective, targeted
evaluation
therapy
Diagnostic Antimicrobial
S!e.wardshlp HealthCare Stgwarfishlp ‘
« Right test Provid « Right interpretation
« Right patient « Right antimicrobial
- Right time - Right time

4

Broad empirical

therapy

Microbiology )
laboratory

FIGURE 6-1 Diagnostic and antimicrobial stewardship
SOURCE: Presented by Carey-Ann Burnham, October 14, 2022; adapted from
Messacar et al., 2017.

and pathogen identification and accurate, timely reporting of results to
guide patient treatment. (WHO, 2016)

Or stated more simply as, “getting the right test to the right patient at the
right time.”

Considerations for determining the right test include: the analytical per-
formance characteristics (e.g., sensitivity/specificity), the diagnostic yield,
and the context of local epidemiology. Choosing the right patient depends
on appropriate use criteria, the patient population, and pre-test probability.
The right time for a test, said Burnham, is a time during which the test
results fit into the clinical workflow and will have an impact on patient
care. Laboratory management and capacity should also be considered by
assessing factors such as space, cost, hands-on time, and throughput.

Diagnostic stewardship occurs throughout the lifecycle of a test,
although most decisions are made in the preanalytical phase. At this phase,
decisions must be made about test ordering, specimen collection and trans-
port, specimen acceptance and rejection criteria, and specimen processing.
The next stage of testing is the analytical phase, said Burnham; at this
point, diagnostic stewardship includes decisions about methodology, batch
vs. on demand processing, and where a test will be processed (central
laboratory vs. point-of-care). Finally, the postanalytical phase includes
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considerations about how results are reported, what interpretation is pro-
vided, and whether notification of results is active or passive. Conversa-
tions about diagnostic stewardship often focus on reducing testing that is
inappropriate or unnecessary, said Burnham. However, both overutiliza-
tion and underutilization of testing are problematic. The failure to order a
necessary diagnostic test at the right point in the workflow has been shown
to be one of the most common medical errors in ambulatory practice set-
tings (Gandhi et al., 2006).

Diagnostic stewardship—and its relationship with antimicrobial stew-
ardship—will vary depending on the practice setting. Burnham consid-
ered practice settings across four categories, each of which has a different
approach to diagnostic stewardship: outpatient, emergency department,
inpatient, and critical care inpatient. In each of these settings, she said, a
diagnostic stewardship program should consider:

e Where will testing take place (e.g., at the patient’s bedside, local
laboratory, central laboratory, pharmacy, or patient’s home)?

e  Who will collect the specimens and what guidance should they
receive?

e How will test results be reported and communicated, and what
guidance will be provided for interpretation of results?

e What, if any, action will be taken based on test results?

Burnham suggested that some laboratorians have concerns about test-
ing that takes place in pharmacies or in the home. However, testing in these
locations is already taking place; from a diagnostic stewardship standpoint,
the best approach may be to provide guidance across settings to support
accurate test results.

While there are several rapid diagnostics available and coming on
the horizon, said Burnham, there are challenges in getting these tests into
clinical practice. Clinical guidelines are important to encourage uptake and
should include guidance on when and how to use a given test and informa-
tion that is specific to users in working in different settings (e.g., critical
care, surgery). Rapid diagnostics can be expensive but can also have high
clinical value, so uptake may also require a shift in reimbursement policy.
There is a need for more research on the impact of rapid diagnostics on
multiple outcomes including clinical outcomes, workflow, and decision-
making. In addition, said Burnham, there is a need for formal mecha-
nisms for ongoing evaluation of the performance of rapid diagnostics; this
will require strong partnerships between microbiology and antimicrobial
stewardship programs.
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ANTIBIOTIC STEWARDSHIP PROGRAM PERSPECTIVE

When a clinician is faced with a patient who has possible sepsis, the
clinician will obtain cultures and then prescribe empiric antibiotics, said
Ritu Banerjee (Medical Director, Pediatric Antimicrobial Stewardship Pro-
gram, Vanderbilt University). Banerjee identified a couple of ways in which
empiric antibiotic selection can go wrong. First, a clinician may prescribe an
antibiotic that is ineffective against the infecting organism, resulting in poor
outcomes including death. Second, a clinician may prescribe antibiotics
that are unnecessarily broad-spectrum; the treatment may be effective but
unnecessarily contribute to the emergence of resistance. The challenge, said
Banerjee, is that conventional bacterial blood cultures and antibiotic sus-
ceptibility testing methods typically take days to yield actionable informa-
tion. Rapid diagnostics can shorten this time, but the clinical impact must
be demonstrated.

Banerjee shared evidence from observational studies (Table 6-1) and
randomized controlled trials (RCTs) (Table 6-2) that looked at the out-
comes associated with the use of rapid diagnostics. Banerjee observed that
a variety of tests and methods are in use, but not all tests are implemented
with antibiotic stewardship program oversight. Most observational studies
demonstrated a decrease in time to optimal therapy for patients but results
(e.g, mortality, length of stay, and cost savings) were mixed. The RCT
studies also demonstrated a decrease in time to optimal therapy but only
one demonstrated improvement in mortality.

Banerjee and colleagues conducted the Blood Culture Identification
(BCID) trial, which was a single center, prospective RCT (Banerjee et al.,
2015). All patients with positive blood culture were randomized in the
laboratory to one of three arms: control (conventional culture and sus-
ceptibility testing), BCID (conventional culture and susceptibility testing
plus BCID rapid test), or BCID plus stewardship (conventional culture and
susceptibility testing, BCID rapid test, and treatment recommendations). In
the two arms that included rapid testing, the organism was identified earlier
and antibiotic escalation for patients on ineffective therapy happened more
quickly (Figure 6-2). Importantly, said Banerjee, antibiotic de-escalation—
narrowing a broad-spectrum therapy to target the cultured organism—was
only faster in the arm that included the oversight of an antibiotic steward-
ship team. Banerjee said that this demonstrates the value of integrating a
rapid test with stewardship. Clinical outcomes—including mortality, length
of stay, adverse events, and cost—were not significantly different between
the different arms (Table 6-3).

The Randomized Trial Evaluating Clinical Impact of Rapid Identifica-
tion and Susceptibility Testing for Gram-negative Bacteremia (RAPIDS GN)
was another prospective RCT carried out by Banerjee and colleagues. For
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FIGURE 6-2 Comparison of median time to identification, susceptibility results,
and time to antibiotic modifications

NOTES: PCR = polymerase chain reaction; * = significant vs. control; 1 = significant
vs. control and Blood Culture Identification

SOURCE: Presented by Ritu Banerjee, October 14, 2022; Banerjee et al., 2015.

TABLE 6-3 Clinical Outcomes in BCID trial

BCID +

Control BCID Stewardship
Outcome (n=207) (n=198) (n=212) P-value
Length of stay (days) 8 (5,15) 8 (5,15) 8 (5,16) 0.60
ICU within 14 days 16 (7.7%) 5(2.5%) 10 (4.7%) 0.06
30-day mortality 22 (10.6%) 20 (10.1%) 18 (8.5%) 0.74
30-day readmission? 6 (2.9%) 6 (3%) 8 (3.8%) 0.88
Toxicity/ adverse drug rxn 3 (1.4%) 3(1.5%) 2 (0.9%) 0.82
Blood cx clearance in 3d 147 (71%) 131 (66%) 146 (69%) 0.79
C. difficilel MDRO in 30d° 15 (7.2%) 16 (8.1%) 21 (9.9%) 0.62
Overall costs¢ $65,450 $66,887 $68,729 0.78

($27,192) ($23,935) ($29,064)

NOTE: BCID = Blood Culture Identification; C. difficile = Clostridioides difficile; cx = culture;
ICU = intensive care unit; MDRO = multidrug resistant organisms; rxn = reaction

7 with same organism

bVRE, MRSA, ESBLs, Gram-negatives resistant to > 3 drug classes

“Mean (median) among inpatients with available data (n= 544)

SOURCE: Presented by Ritu Banerjee, October 14, 2022; adapted from Banerjee et al., 2015.
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this study, patients were randomized to either a control arm (conventional
culture and susceptibility testing) or a rapid testing arm (conventional cul-
ture and susceptibility testing plus rapid test); both arms included oversight
by an antibiotic stewardship team. The results of the trial showed that
patients who had resistant organisms detected in their blood and were on
ineffective therapy initially were switched to effective therapy almost two
days faster than patients in the control arm. Unfortunately, said Banerjee,
the trial did not find significant differences in mortality, length of stay,
readmissions, or other clinical outcomes (Banerjee et al., 2021).

While the BCID and RAPID GN trials did not find significant differ-
ences in clinical outcomes between traditional culture testing and rapid
testing, Banerjee said that there were important lessons learned from both
trials. First, rapid blood culture diagnostics, when implemented in collabo-
ration with antibiotic stewardship teams, can improve treatment optimiza-
tion for patients with bloodstream infections. Optimized treatment means
faster antibiotic modifications, more judicious antibiotic use, and more
timely antibiotic administration. Second, Banerjee said that understand-
ing the local context is important for study design and interpretation. The
impact of a rapid diagnostic will vary depending on local resistance rates,
antibiotic prescribing practices, patient populations, the availability of
stewardship programs, and baseline laboratory practices. Another lesson
learned from these trials is that clinical outcomes (e.g., mortality or length
of stay) may not be appropriate endpoints. These outcomes are dependent
on many factors, Banerjee said, and de-escalation or targeted antibiotic
treatment “should be sufficient justification for implementing a novel diag-
nostic.” Other downstream impacts of improved medical decision-making
should also be selected as endpoints for clinical utility studies, including
laboratory workflow efficiencies and infection control activities such as
time to isolation.

Banerjee closed by saying that she has “a lot of hope” that there are
novel and innovative diagnostics on the horizon. Her “wish list” for diag-
nostics would include direct-from-specimen testing, point-of-care testing,
tests that can rule bacterial infection in or out, and tests that could distin-
guish bacterial colonization from bacterial infection.

INDUSTRY/DEVELOPER PERSPECTIVE

Diane Flayhart (Global Program Leader, Becton, Dickinson and Com-
pany) focused her presentation on four main questions:

1. How effectively do current diagnostics inform antibiotic stewardship?

2. Is there enough data to understand how drug-resistant infections
affect specific patient populations?
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3. Are new metrics needed to drive diagnostic use and antibiotic
stewardship efforts?

4. Are more advocates needed to drive awareness for Diagnostic and
Antibiotic Stewardship?

To address the first question about how effectively current diagnostics
inform antibiotic stewardship, Flayhart’s company and its partners con-
ducted a study, which included a literature review followed by interviews
with frontline clinicians and a survey of an additional 50 clinicians (BD,
2022). The study was designed to examine how diagnostics are currently
used to combat AMR, capture lessons learned on better use of current
diagnostics, estimate the value of diagnostics, describe how the use of
diagnostics can be improved, highlight priority unmet needs, and inform
guidelines (Figure 6-3).

Flayhart shared a selection of preliminary results from the first two
phases of the study. They found that the guidelines on antimicrobial steward-
ship programs recommend the use of rapid diagnostics in combination with
traditional methods and that most guidelines for individual practice areas
recommend traditional methods. Sporadic recommendations for point-of-
care or rapid testing were not specific about how and when to use these diag-
nostics. Another key finding, said Flayhart, was that minimal data were being
gathered about how surveillance and diagnostics have impacted hospital
formulary access policy. Flayhart explained that to tie the impact of a diag-
nostic to antibiotic stewardship, it is necessary to have these data. Interviews
with clinicians revealed several issues, including heterogeneity of diagnostic
availability, the cost of diagnostics, and a lack of awareness of AMR and
the utility of rapid tests. Flayhart said that this study was motivated in part
because her company spends a lot of time and money developing diagnostic
tests, so it is critical to understand how and why they are or are not being
used by frontline clinicians.

Next, Flayhart addressed the issue of whether there are enough to data
to understand how drug resistant infections affect specific patient popula-
tions. She shared data about age and geographic distribution of antibiotic-
resistant bacterial infections. Further, she noted that the CDC is undertaking
efforts to understand the links between health inequities and antibiotic
resistance. A 2022 CDC presentation described a few associations:!

¢  Community-associated ESBL-Enterobacterales: Higher incidence
rates in areas with lower median incomes, lower high school

! Information from Dawn Siewert, Antimicrobial Resistance Coordination and Strategy
Unit, National Center for Emerging and Zoonotic Infectious Diseases, U.S. Centers for Disease
Control and Prevention; presented at World AMR Congress in September 2022.
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education rates, higher percentages of persons without health
insurance, and those with limited English proficiency.

e Community-associated C. difficile infections: Higher incidence
rates in communities with low-incomes, foreign-born populations,
non-English speaking households, and crowding in the home.

e Candidemia and MRSA: Higher rates in Black individuals, possi-
bly reflecting differences in medical conditions, healthcare access,
socioeconomic status, and access to housing.

e Antibiotic prescribing and/or inappropriate prescriptions: Higher
volumes/rates in rural areas, non-Hispanic White individuals, pedi-
atric populations, and older persons with viral respiratory diseases.

e Antibiotic prescribing or diagnosis with bacterial pathogen: Lower
volumes in Black individuals.

Flayhart considered whether new metrics are needed to drive diagnostic
use in antibiotic stewardship or to understand how antibiotics are being
used within healthcare systems. Flayhart suggested there is a need for
national metrics for antibiotic use at the hospital level. There are complexi-
ties and challenges with accomplishing this, but it would allow antibiotic
stewardship teams to measure how diagnostics are impacting antibiotic use.
Antibiotic use increases during cold and flu season, which could offer an
opportunity for stewardship programs to track and evaluate appropriate
antibiotic use and the role of diagnostics (Yu et al., 2022).

Finally, Flayhart turned to the role of advocacy in improving diagnostic
and antibiotic stewardship. She emphasized the importance of engaging
outside of the “AMR bubble.” For example, when new rapid diagnostics
for sepsis are brought to market, there is a need to engage and involve
organizations such as the Sepsis Alliance,> ENDSEPSIS,? and the Global
Sepsis Alliance.* In addition, there may be creative ways, such as the use of
film or other media, to better engage the lay public.

DISCUSSION

Role of policy

Banerjee suggested that policies in the form of clinical guidelines
“would go a long way” towards integrating diagnostics into care. When
clinicians, administrators, and payers can refer to one set of guidelines that
recommend when and how to use diagnostics, those guidelines determine
the new standard of care. Another effective approach would be a policy that

2 See https://www.sepsis.org/ (accessed January 23, 2023).
3 See https://www.endsepsis.org/ (accessed January 23, 2023).
4 See https://www.global-sepsis-alliance.org/ (accessed January 23, 2023).
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mandates diagnostic stewardship programs that are conducted in partner-
ship with microbiology laboratories. These programs would help support
uptake of diagnostics and appropriate use of diagnostics.

Role of guidelines

Burnham pointed out that guidelines are typically developed by volun-
teers who have many other duties, so it would be useful to have financial
resources for professional help with tasks such as literature reviews to help
speed up the process, particularly given that this field evolves quickly over
time. Additionally, guideline development should be useful for the end
users, so it is important to incorporate the input of people who might rely
on diagnostic tests, including laboratory directors, medical specialists and
infectious disease experts. When considering policy levers for supporting
the development guidelines (e.g., CDC or specialty societies), Flayhart and
R. Patel agreed that more work is needed.

Role of reimbursement and incentives

Flayhart stated that it can be challenging to assess and demonstrate
the value of diagnostics because patient health and outcomes are complex
and multi-factorial. She emphasized the importance of collaborating with
laboratories and stewardship teams to design clinical trials in a way that
captures meaningful measurements. If a trial shows how a diagnostic can
plug into the clinical pathway for patient care and improves outcomes, it is
more likely to be deployed and reimbursed.

Opportunities for public awareness

Flayhart said that AMR should be viewed as a global phenomenon
that impacts humans, animals, and the environment. There are public con-
versations about issues, such as antibiotic use in animal food products and
environmental contamination of public waterways, she said, but what “we
haven’t cracked yet” is getting people to ask questions about their own use
of antibiotics. According to Flayhart, people should be having conversa-
tions with their doctors about why an antibiotic is being prescribed and
if there is a diagnostic available to help make more informed treatment
decisions. Bausch said that stakeholders should be more forthcoming about
the potential harms of antibiotics so patients can weigh the pros and cons
of taking a drug. The message for patients, said Flayhart, is that unlike
other medications, taking antibiotics does not just impact the patient but
everyone in their ecosystem.

Buy-in from hospital leadership
Diagnostic stewardship programs seem to be beneficial for many rea-
sons, said Van Meter. However, how can hospital leadership be convinced
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to invest in them? Burnham said that there is a delicate balance between a
desire for physician autonomy and a desire to deploy resources appropri-
ately. Like many things, she said, it starts with a “gentle approach.” For
example, an alert could be built into the electronic health record that would
simply ask the physician to confirm a prescribing choice. Eventually this
could progress to a hard stop where the physician cannot take a certain step
(e.g., prescribing or ordering a test) without following a certain pathway.
Along the way, said Burnham, it is critical to include stakeholders in the
process and focus on adding value whenever possible. Often, the lab might
have to take on the initial burden of choosing a use case and a clinical
partner to deploy the tool; once value is demonstrated, they can “take that
on the roadshow” and champion it.

Following up on this, a virtual participant asked Banerjee to discuss
how hospital leadership can be convinced of the value of diagnostics if
they do not improve the metrics that are most important to hospitals (e.g.,
length of stay, mortality). Banerjee said that the value can be demonstrated
through other metrics, for example, savings on the cost for antibiotics, or
long-term savings due to faster infection control. There is value in reducing
societal levels of AMR, and this should be reflected in accreditation or joint
commission surveys. For example, if a survey asks hospitals if they monitor
certain metrics related to AMR, hospital leadership is likely to adopt new
practices to maintain accreditation and ratings.

Mechanism to measure performance

As new diagnostics are developed and deployed, said a participant,
it will be critical to have an ongoing mechanism for ensuring perfor-
mance. She asked panelists to comment on how this could be accomplished.
Burnham said that there will need to be different approaches for ongoing
evaluation of diagnostics. Putting this burden on device manufacturers is
not realistic, said Burnhamy; it will need to be a coordinated effort among
hospitals, laboratories, device manufacturers and government. If a shift in
performance occurs or a new mechanism of resistance is detected, these
results will need to be reported so that appropriate steps can be taken.

Clinical outcome studies

A participant commented that conducting clinical outcome studies
poses a considerable challenge for test developers; studies may need to be
conducted in multiple centers and in areas with high resistance. Banerjee
responded that it can be difficult for companies, particularly smaller com-
panies, to conduct studies that can adequately show the value of a new
diagnostic. Partnering with larger organizations can be one approach to
support these types of studies. However, at the end of the day, clinical
outcome studies should be “diagnostic agnostic.” In other words, if it can
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be demonstrated that a diagnostic provides actionable results within a
certain timeframe and has downstream clinical benefit, then those benefits
should be applied to equivalent tests as they move through clinical outcome
studies.
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Exploring Potential Policy Options

Workshop participants discussed a “menu” of potential policy options
(Box 7-1) for incentivizing the development and use of rapid diagnostics,
important issues to consider, and next step opportunities.

POLICY OPTIONS

Mark McClellan (Duke Margolis Center for Health Policy) laid out
a “menu” of potential policy options to encourage the development and
appropriate use of rapid diagnostics. Panelists, each representing a differ-
ent stakeholder perspective, made brief remarks, followed by a discussion
moderated by McClellan. The discussion is presented by topic area rather
than by speaker. The panelists were:

e Industry perspective: Phyllis Arthur (Vice President, Infectious Dis-
eases & Emerging Science Policy, BIO)

e Research perspective: Sarah McClelland (Health Policy Analyst,
U.S. Department of Health and Human Services)

e Policy perspective: Jaclyn Levy (Director, U.S. Policy, AMR Action
Fund)

e Law and economics perspective: Kevin Outterson (Professor of
Law, Boston University, Executive Director, CARB-X)

Before exploring the suggested policy options outlined in Box 7-1,
several speakers discussed why policy levers are appropriate or necessary
for spurring diagnostic development. Arthur stated that one barrier to

77
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BOX 7-12
Menu of Policy Options

Based on the needs discussed during this panel session and drawing from
past experience and examples from other therapeutic areas, panelists discussed
a “menu” of policy options. Policy options fell into two main categories:

e Options for encouraging the development of rapid diagnostics; and
e Options for encouraging the appropriate uptake and use of rapid diagnostics.

Panelists pointed to initiatives, including CARB-X,? PACCARB,¢ and the AMR
Action Fund,? which have worked to incentivize diagnostic and antibiotic develop-
ment. Levy noted that while progress is being made, the incentives currently in
place are just one step in the right direction— more is needed to determine which
incentives are working and how to improve upon them. Panelists considered
three types of policy options: incentives to promote coordination, cooperation, and
efficiency; regulatory approaches; and pull incentives.

Options for Encouraging the Development of Rapid Diagnostics
Coordination, Cooperation, and Efficiency
e Accelerator programs (e.g., CARB-X) (McClellan)
e Clinical trial networks (McClellan)
e Master study protocols (McClellan)
e Coordinating organizations (McClellan)
Regulatory Approaches
¢ Implementing reforms that remove barriers and help streamline regulatory
processes (McClelland)
e Supporting clinical trial networks with common rules and shared IRBs, in
part to reduce regulatory burden of test approval (McClelland)
New Incentives
¢ Using financial incentives to encourage co-development of new antibiotic
susceptibility tests and new antibiotics (e.g., tax credit for portion of quali-
fied clinical testing expenses) (McClelland)

diagnostic development lies in the valuation of diagnostics and antibiotics;
these products are essential to the public’s health and for the longevity of
effective treatments, but the market does not value them in this way. Given
this reality, Arthur noted the options are to either allow diagnostic products
to be valued for what they bring to the marketplace or to find substitutions
for the valuation that allow companies to invest in the work without losing
money. Policy interventions can be used to address the valuation issue and
encourage investment in the area.

On a similar note, Outterson said that while the use of rapid diagnostics
has benefits—including better care, reductions in cost of care, and curtailing
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e Creating federal small-business grant opportunities for diagnostic devel-
opers (Levy)

Options for Encouraging Appropriate Uptake and Use of Rapid Diagnostics
Demonstrating Clinical Value

e Funding research that investigates the clinical outcomes and benefits to
patients related to diagnostics (Outterson)

e Promoting collaboration between diagnostic companies and other stake-
holders to ensure optimal test development to meet clinical needs and to
increase the likelihood of adoption of test (McClelland)

e Providing clinician education on the use and interpretation of diagnostic
tests to spur uptake in clinical practice (McClelland)

Development of Guidelines
e Expanding capacity by supplying funding and more resources (Levy)
Reimbursement Reform

e Shifting toward a reimbursement system that prioritizes patient outcomes
rather than cost minimization (McClellan)

e Using a reimbursement-plus system to realign reimbursement with value
(McClelland)

e Using conditions of participation in Medicare to encourage uptake of
diagnostics (Outterson)

2 This list is the rapporteurs’ summary of points made by the individual speakers identi-
fied, and the statements have not been endorsed or verified by the National Academies of
Sciences, Engineering, and Medicine. They are not intended to reflect a consensus among
workshop participants.

b See https://carb-x.org/ (accessed January 27, 2023).

¢ See https://www.hhs.gov/ash/advisory-committees/paccarb/index.html (accessed Janu-
ary 27, 2023).

9 See https://www.amractionfund.com/ (accessed January 27, 2023).

AMR—the financial return for using a diagnostic does not usually flow
back to the entity that makes the initial payment. Diagnostics are currently
more expensive than empirical prescribing an antibiotic, said Outterson,
so there is not a financial incentive for key stakeholders to incorporate the
use of these products. As noted by Anthony So in Chapter 5, bundling
the development, use, and reimbursement of diagnostics with drugs may
be one way to manage this issue.

Outterson highlighted that hospitals are reimbursed through Medicare
based on a DRG system. Patients are classified based on DRGs, which
determines how much money the hospital will receive on a per case basis.
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The DRG system is designed to drive cost-cutting for inpatient expenses,
such as nursing, facilities, food, bed, and pharmacy costs. Patients with
a particular type of bacterial infection may be assigned the same DRG
whether they are prescribed a relatively inexpensive generic antibiotic or
if the hospital deploys a costly new diagnostic test that determines the
generic drug is not effective, in which case the hospital may be obligated
to prescribe a more expensive antibiotic. Each step of this process, said
Outterson, incurs costs—space for the diagnostic test, staff to run the
test, expense of running the test, and prescribing a more expensive drug—
without additional reimbursement through the DRG system. When a hos-
pital CEO or CFO considers the financial implications of adopting a new
diagnostic tool, there are more costs to be controlled than incentives for
improving patient care.

In the emergency department, the financial incentives look a bit dif-
ferent, said Outterson. A rapid diagnostic could help a provider to make
a quick decision about whether to admit a patient or send them home.
Testing in the ED is paid for through CPT codes, or if a patient is admitted
that cost is rolled into the DRG payment. CPT codes can be confusing for
new diagnostics, he said, but if a test is billed correctly and a patient is not
admitted, it could result in a small positive margin for the ED.

According to Outterson, given these types of misaligned incentives,
hospitals are not financially motivated to adopt new (more expensive)
diagnostic tools; add newer antibiotics to AST panels and breakpoints; add
new antibiotics to the hospital formulary; use a higher-priced antibiotic; or
identify a hospital-associated infection. As a result, timely diagnosis and
appropriate treatment for patients are often delayed.

Encouraging the Development of Rapid Diagnostics

Incentives to Promote Coordination, Cooperation, and Efficiency

In response to the ongoing COVID-19 pandemic, the diagnostics indus-
try has built up core capability, said Arthur, and policy solutions should
leverage this capacity and direct resources towards better point-of-care
rapid diagnostics. Policies and approaches that can help promote coordina-
tion include accelerator programs (e.g., CARB-X), clinical trial networks,
master study protocols, and coordinating organizations, said McClelland.
She pointed to the PACCARB, which recommended the following:

Federal government agencies (e.g., HHS, FDA, CDC, NIH, DoD, USDA)

should come together to create a list of the most critically needed diag-
nostics for combating AMR. (PACCARB, 2017)
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McClelland said this list could help spur collaboration between diag-
nostic companies and stakeholders in the AMR arena and accelerate the
development of diagnostic tools. Levy added that challenges like the Rapid
Acceleration of Diagnostics (RADx) and the NIH/ASPR AMR Diagnostic
Challenge, which have been successful in accelerating the development
timelines for other products, could be applied to AMR diagnostics to
promote collaboration and partnerships between companies and funders.
Crowdsourcing and citizen science also present opportunities for public-
private partnerships. Advocacy and patient coordination are particularly
challenging with infectious diseases due to the variety of patient groups,
said Levy, but coordinating these groups within the AMR space and con-
necting their experiences to the need for diagnostics continues to be impor-
tant work.

Regulatory Approaches

Regulatory approaches, said McClelland, could include reforms that
remove barriers and simplify the process of obtaining regulatory approval,
similar to the regulatory flexibility that the FDA showed during the
COVID-19 pandemic. In addition, clinical trial networks with common
rules and shared IRBs could reduce the regulatory burden of test approval.
Arthur suggested that given the ongoing pandemic, there may be more
pressure for companies to concurrently develop rapid diagnostics alongside
new therapeutics. Levy highlighted the need for balance between the regula-
tory system and the rapid deployment of new technologies. She added that
there is a need to retain the ability of clinical laboratories to develop rapid
diagnostics, particularly for pediatric and immunocompromised patient
populations. There may be opportunities to address these needs, in part,
through post-market data and real-world evidence.

New Incentives

Tax credits are one pull incentive that PACCARB has recommended,
which would pair funding for the development of new antibiotic suscep-
tibility tests with the development of new antibiotics by providing a tax
credit for a portion of clinical testing expenses (PACCARB, 2017). Arthur
pointed to the need to incentivize developers of antibiotics to work with
diagnostic companies. She suggested that incentives could focus on a core
set of pathogens that would most benefit from a paired diagnostic and
drug. Outterson added that drugs and diagnostics should be developed in
similar time frames because it could take years after the introduction of
a new drug before a physician could get information about susceptibility
or resistance.
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An additional benefit of co-development of drugs and diagnostics is
that it can reduce the cost of clinical trials, said Arthur; a diagnostic allows
patients to quickly be differentiated and eligible patients enrolled in rel-
evant clinical trials. Jean Patel (Principal Scientific Affairs, Microbiology,
Beckman Coulter Diagnostics) cautioned that while co-development can
be advantageous, there are also risks involved. She mentioned that she has
seen cases in which diagnostics were developed or redesigned to include a
specific drug, but the drug did not make it to market. These experiences
could serve as a disincentive for these types of partnerships, but policy
approaches could help mitigate some of these risks.

Arthur stressed that incentives should be focused on the most urgent
antimicrobial threats and that putting incentives toward the right drug and
the right tool being developed and deployed “at the same time” will result
in the best outcomes in healthcare. She added that there are lessons to be
learned from the oncology field. When companies are creating an oncol-
ogy treatment, they are encouraged to develop a companion diagnostic
that allows clinicians to use the product on the right patient to optimize
outcomes. Using this approach for antibiotics, said Arthur, means that
clinicians would have the data they need to direct treatment to the patient
rather than “empirically trying every antibiotic in the pharmacy.” A rapid
diagnostic that would lead to the most effective drug being prescribed to a
patient, she said, is the “holy grail” of what stakeholders in rapid diagnostic
development are trying to achieve.

Encouraging Uptake and Use of Rapid Diagnostics

Demonstrating Clinical Value

According to McClelland, successful development and regulatory
approval of a diagnostic test is only the first hurdle; to be impactful, the test
must be appropriately used during patient care. There are a variety of policy
approaches for incentivizing the uptake of diagnostics, said McClelland,
including policies in the areas of clinical value, guidelines, and reimburse-
ment reform.

Clinicians want a test that will make a difference in the care of their
patients, said McClelland. If doctors and administrators had more infor-
mation about what works, said Outterson, uptake would improve. Policy
approaches that could increase the likelihood that the diagnostics that are
developed are taken up by clinicians include

¢ Funding for research that investigates the clinical outcomes and
benefits to patients related to diagnostics (Outterson);
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e Promoting collaboration between diagnostic companies and other
stakeholders to help ensure optimal test development to meet clinical
needs and to increase the likelihood of adoption of test (McClelland);

¢ Providing clinician education on the use and interpretation of diag-
nostic tests to spur uptake in clinical practice (McClelland);

e Increasing collection and analysis of post-market data and real-
world evidence (Levy).

Development of Guidelines

Several speakers mentioned the need for timely guidelines for new
diagnostics, and how these could prompt improvements in uptake and
reimbursement, said McClellan. Arthur said that the value of clinical guide-
lines is that they set a drug or a diagnostic apart from others and empower
clinicians to get access to the product for their patients. McClellan asked
panelists how policy could be used to support rapid guidelines develop-
ment when there is a breakthrough diagnostic. Levy said that during the
COVID-19 pandemic, IDSA was able to get guidelines out “incredibly
rapidly,” but it took a global emergency and an enormous amount of effort.
Guideline development takes manpower, time, and work, and is usually
carried out by volunteers. There is a need for more resources and expanded
capacity to enable guidelines to be developed more quickly.

Reimbursement Reform

Once a product reaches the market, said Levy, clinical uptake can be a
significant challenge due to misaligned financial incentives—for example,
hospital administrators are reluctant to use a $50 test to prescribe a $5 anti-
biotic. While using a diagnostic to find the right antibiotic has the potential
to save money in terms of patient care and patient outcomes, said Levy,
the current reimbursement structure does not reflect this value. Realigning
incentives to encourage uptake will require reimbursement reform for diag-
nostics; Arthur added that reform for reimbursement of antibiotics may be
necessary as well. Speakers suggested several policy approaches:

e A shift toward a reimbursement system that prioritizes patient
outcomes rather than cost minimization (McClellan);

e A reimbursement-plus system to realign reimbursement with value
(McClelland);

e Using conditions of participation in Medicare to enhance diagnos-
tic use; this approach was “transformative” for antibiotic steward-
ship (Outterson).
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Several speakers suggested that new technology add-on payments
(NTAPs) could play a role in incentivizing the uptake of diagnostics.! How-
ever, Outterson pointed out that these have not generally been effective for
AMR-related products thus far. NTAPs were created in 2001 to deal with the
unanticipated consequences of Medicare reform, and they provide separate
reimbursement for up to 50 percent of the added cost to hospitals for selected
clinically valuable products for two to three years. However, the funds do
not return to the cost center (hospital pharmacy or lab), which undermines
the goal of the policy. In the hospital laboratory, he said, there are four
major financial concerns: space, time, people, and costs. A company with a
new diagnostic tool is asking for all four of these and any extra reimburse-
ment goes to another account in the hospital. For example, if an antibiotic
diagnostic has a NTAP, the NTAP may reduce the cost of each test by $50.
However, the hospital still incurs the costs of buying the technology, conduct-
ing the tests, and potentially paying for more expensive medications. Even
with the NTAP, Outterson said, the diagnostic may cause the hospital to lose
money on a patient. Evans agreed that in his view, NTAPs are not effective
because they do not offer enough of an incentive, and the likelihood of a
provider receiving the passthrough payment is low. However, he said, there
is an opportunity to bolster the program and remove some of these barriers.

Considerations for Policy Interventions

In addition to discussing specific policy options, panelists reflected on a
variety of issues to consider when implementing policies directed at improv-
ing the development and uptake of diagnostics for AMR.

Role of the Federal Government

The federal government has a unique and important role to play in
incentivizing development and uptake of diagnostics, said Levy. The federal
government can use its resources and position to fund research, create tax
credits, change reimbursement policies, simplify regulatory requirements,
and facilitate collaboration among developers and clinical investigators. In
addition to these critical incentives, the federal government could develop a
list of the highest priority areas in which diagnostics are needed (similar to
WHO?’s Essential Diagnostics List?). This list could help guide both public
and private decisions about funding, research, and incentives, said Levy.

1 See https://www.federalregister.gov/documents/2001/09/07/01-22475/medicare-program-
payments-for-new-medical-services-and-new-technologies-under-the-acute-care (accessed Janu-
ary 27, 2023).

2 See https://www.who.int/teams/health-product-policy-and-standards/assistive-and-medical-
technology/medical-devices/selection-access-and-use-in-vitro (accessed January 27, 2023).
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Levy said that the types of incentives discussed at the workshop pro-
vide a good opportunity for engagement across different agencies and
organizations. For example, NIAID has experience with small-business
grants, while the FDA and Internal Revenue Service (IRS) have experience
with tax credits for clinical testing expenses (i.e., the Orphan Drug Tax
Credit?). Partnerships and collaborations are critical for moving efforts
forward, she said, and there are existing models that can be leveraged for
AMR. For example, RADx initiative at NIH supported innovative and non-
traditional diagnostic approaches for COVID-19;* a similar initiative could
be explored for AMR diagnostics. PACCARB and the CARB Task Force
are examples of collaborative bodies convened by the government that are
working on issues surrounding AMR (Box 7-2).

An Ethical Dilemma

Burnam suggested that if a brand-new drug for MRSA were released,
is it would be the clinician’s ethical responsibility to “lock it in a safe” and
not use it until it is absolutely needed. As soon as people are exposed to
a new drug, the bacteria will begin evolving resistance, he said, so from a
“do no harm” perspective, a clinician should be extremely cautious about
using new drugs. However, if a drug does not get used, the pipeline of new
drugs dries up because the business model is unsustainable. Arthur said that
this is a “chicken or the egg” problem, in which physicians feel like they
have to “hold everything behind glass” because they want to have some-
thing in reserve when resistance occurs. McClellan said that this dilemma
demonstrates the value of having accurate, rapid diagnostics that can give
physicians confidence about using a specialized drug in a particular patient
who needs it.

Global Implications

Even if the problems discussed during this workshop were resolved,
there would still be an ongoing AMR pandemic throughout the rest of
the world, stated Bausch. Most of the solutions suggested so far are not
applicable outside of the United States. For example, even if a diagnostic
were developed that costs two dollars, amoxicillin can be purchased on
the market for 50 cents. Whether the antibiotic works or not is “almost
immaterial,” said Bausch, because patients and clinicians are generally
inclined to use the easier and more affordable solution. In the context
of an LMIC, Bausch suggested that it will take long-term investment

3 See https://www.irs.gov/forms-pubs/about-form-8820 (accessed January 27, 2023).
4 See https://www.nih.gov/research-training/medical-research-initiatives/radx (accessed Janu-
ary 27, 2023).
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BOX 7-2
Presidential Advisory Council on
Combating Antibiotic-Resistant Bacteria

PACCARB was created in 2014 to provide advice and recommendations to
the Secretary of Health and Human Services (HHS) on all things related to com-
bating antibiotic resistance, said Sarah McClelland (Health Policy Analyst, U.S.
Department of Health and Human Services). The PACCARB sits at the nexus
of federal and public, said McClelland; it is composed mostly of nongovernment
subject matter experts to help ensure public engagement in the policy making
process. In contrast, said McClelland, the CARB Task Force is an effort that pulls
together federal agencies to promote collaboration and communication on federal
antibiotic resistance efforts. Since its establishment, the PACCARB has published
ten reports, all of which address the key issues of development and uptake of
diagnostics. Diagnostics are a “pivotal component” of this work, said McClelland,
and antibiotic stewardship can only be accomplished with the inclusion of diag-
nostics. The recommendations in the PACCARB reports addressed market-based
and reimbursement incentives, as well as use and uptake. McClelland noted that
all PACCARB’s recommendations come from a OneHealth perspective, which
incorporates human as well as animal health.

In the spring of 2022, PACCARB was tasked by the Secretary of HHS to
evaluate pandemic preparedness policies in terms of how AMR could be in-
cluded and could bolster pandemic-related efforts, said McClelland. PACCARB
created a Pandemic Preparedness Working Group,? which held a public meeting
to examine critical aspects of pandemic preparedness infrastructure, including
surveillance, diagnostics, vaccines and therapeutics, and infection prevention
and control. The PACCARB members and speakers worked through a mock
pandemic scenario to highlight key gaps; for diagnostics, this meant examining
steady state versus surge capacity needs of laboratories, as well as highlighting
barriers in the development of new diagnostics. McClelland encouraged work-
shop participants to engage with PACCARB by attending meetings or submitting
stakeholder input.

2 See https://www.hhs.gov/ash/advisory-committees/paccarb/working-groups/index.html
(accessed January 27, 2023).

and creative financing and approaches that are not entirely based on
short-term economics. Arthur added that regardless of the incentives for
development and uptake, behavioral change is needed, and this applies to
care settings in the United States and LMICs. Clinicians and patients hold
certain views about antibiotic use, and these views impact their behav-
ior: “The right drug in your hands” will not make a difference without
behavior change, she said.
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CONSIDERING A PATH FORWARD

AMR is a complex term that involves multiple bacterial species and mul-
tiple clinical syndromes, so there will likely need to be multiple ways for diag-
nostics to help manage AMR, said J. Patel. She noted, for example, that the
bacterium that Mallory Smith was infected with—Burkholderia cenocepacia—is
not on the list of CDC antibiotic resistance threats.’ For an individual patient,
antimicrobial resistance is a problem regardless of which bacterium is causing
their infection, so diagnostic-based solutions should address AMR broadly
and across all patient populations. At the same time, J. Patel pointed out, clini-
cal microbiology laboratory staff has been decimated because of the ongoing
COVID-19 pandemic. “We cannot go on with diminished technical expertise
in infectious disease diagnostics,” she stated, and replenishing the workforce is
a responsibility that falls on all sectors of diagnostics and patient care.

In considering the path forward, panelists identified a few areas for
which next steps could improve the development and uptake of AMR-
related diagnostics: leveraging COVID-19, addressing regulatory barriers,
policy reform to incentivize diagnostic development and use; prioritization
of efforts based on pathogen, syndrome, or care settings; and collaboration
to share information and resources, establish common metrics, and mobi-
lize people and organizations to take action.

Leveraging COVID-19

“We are in a technology revolution, but we are also in an AMR
pandemic” said Robin Patel (ID Physician, Clinical Microbiology Labora-
tory Director, Mayo Clinic). In response to the ongoing COVID-19 pan-
demic, there were remarkable advances in diagnostics development. There
is an opportunity, said R. Patel, to apply lessons learned from COVID-19
towards AMR. This should be done in an expeditious way so that patients
can get the treatments they need. Arthur added that the COVID-19 pan-
demic demonstrated how industry can make faster, better, and easier-to-use
diagnostics. Leveraging these core capabilities to improve point-of-care and
at-home diagnostics and ramping up partnerships for the development
and use of diagnostics are two promising options for the AMR space.

Addressing Regulatory Barriers

Emerging technologies offer an opportunity to measure and see things
in a different way than before, said Ribhi Shawar (Branch Chief, Division

5 See https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
(accessed February 6, 2023).
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of Microbiology Devices, Office of In Vitro Diagnostic and Radiological
Health, Center for Devices and Radiological Health, FDA). However, these
technologies come with challenges for regulators, particularly in determin-
ing a comparative reference method. For example, during the COVID-19
pandemic, a new test was proposed that could diagnose COVID-19 through
the breath.® The only existing breath-based test, said Shawar, was a test for
H. pylori.” He said that this required regulators to really think about how
to evaluate a test that was operating in a “totally different paradigm.” Col-
laboration and coordination are critical when developing, evaluating, and
implementing these new technologies: some stakeholders bring expertise,
others bring facilities and tools, and others bring specimen banks. The field
will not advance without collaboration, he said.

Van Meter said that a program to provide transitional coverage for
emerging technologies could help technologies that have been cleared and
received breakthrough status from the FDA. Such a program might support
device and diagnostic manufacturers work collaboratively with the gov-
ernment to generate evidence. However, she noted, this type of approach
would not necessarily ensure an appropriate reimbursement rate or a
market. Shawar added that there is an existing “pre-submission” program
at the FDA that allows developers to ask questions before they formally
submit a Premarket Approval Application.® This program helps developers
conduct studies and gather evidence in a way that will be amenable to the
FDA. ]. Patel agreed that these types of programs for emerging and innova-
tive technologies are useful in the AMR space, in part because clinical care
practices are constantly evolving.

Addressing Reimbursement Barriers

Susan Van Meter (President, American Clinical Laboratory Associa-
tion) offered a few suggestions for how reimbursement barriers to the
development and uptake of diagnostics could be addressed through CMS.
First, Medicare has conditions for participation that require antimicrobial
stewardship programs in the inpatient setting. Work could be done to
bolster these requirements and build diagnostic stewardship programs into
conditions of participation. Another approach could be to include diagnos-
tic stewardship as part of a value-based payment initiative. For example,
a program launched by the Affordable Care Act holds back two percent

6 See https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-
fda-authorizes-first-covid-19-diagnostic-test-using-breath-samples (accessed January 27, 2023).

7 See https://www.fda.gov/media/157723/download (accessed January 27, 2023).

8 See https://www.fda.gov/regulatory-information/search-fda-guidance-documents/requests-
feedback-and-meetings-medical-device-submissions-q-submission-program (accessed January 27,
2023).
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of inpatient hospital payments and uses the money to reward hospitals for
advancement compared to peers and improvement compared to baseline.’
She highlighted that it would be important that incentive programs not be
used to penalize hospitals. Underserved hospitals that are struggling for
resources should be given the resources they need rather than penalized
for not meeting certain metrics.

In ambulatory settings, said Van Meter, Medicare’s Merit-Based Incen-
tive Payment System (MIPS) for physicians could be used to encourage
ambulatory diagnostic stewardship programs, particularly in areas that are
most impacted by inappropriate prescribing. The Centers for Medicare and
Medicaid Innovation Center has “extraordinary authority” to waive rules
and regulations for pilot programs, she said. Their primary focus is on
improving quality of care while reducing cost, but they also have author-
ity to implement programs that increase costs to improve care. Together,
Medicare and Medicaid reach a very high proportion of Americans through-
out the country and leveraging this mechanism could help develop evidence
about the value of diagnostics for AMR across the patient population.

Van Meter added that from her perspective, one of the most pressing
priorities is to pass the Saving Access to Laboratory Services Act (SALSA)'©
to prevent cuts to Medicare payments for laboratory tests. Medicare is
a large market, she said, and so SALSA would provide a more predict-
able pathway forward for developers. Another approach, said Van Meter,
would be to encourage CMS to use existing authorities to put in place
Medicare and Medicaid pilot programs that leverage diagnostic steward-
ship programs across communities. Finally, she pointed to Independent
Test Assessment Program (ITAP), which helped small and large companies
pull together diagnostic submissions to the FDA in an expedited fashion
during the COVID-19 pandemic. A similar model, made permanent and
adequately funded, could help ensure that there is a fast-track mechanism
for getting needed diagnostics through the regulatory process as quickly as
possible. Diagnostics account for two to three percent of total healthcare
spending but drive around 70 percent of clinical decision-making (Rohr et

al., 2016). The “investment in diagnostics is so worth it across the board,”
she said.

Pursuing Innovative Approaches

Joseph Larsen (Vice President, Clinical Development, Locus Biosciences,
Inc.) said that innovative diagnostics in the AMR space would not only

9 See https://www.cms.gov/newsroom/press-releases/affordable-care-act-program-improve-
hospital-care-patients (accessed January 27, 2023).
10 Saving Access to Laboratory Services Act, HR 8188, 117th Cong., 2d sess. (June 22, 2022).
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improve treatment with traditional antibiotics but would also contribute
to the development and use of nontraditional treatments such as geneti-
cally engineered bacteriophage. For example, Larsen’s company is currently
enrolling UTT patients in a clinical study for an Escherichia (E.) coli phage
“cocktail.” Before enrollment and randomization, it must be confirmed
that the patient is infected with E. coli. Current testing adds a delay of three
days between the administration of a test and the interpreting of results after
which a patient can enroll, and the trial itself is testing a five-day dosing regi-
men. Because of this time commitment, he said, many patients simply take
their antibiotics and “go home.” A diagnostic that would quickly confirm
E. coli infection would remove some of the barriers to enrollment and allow
evidence to be collected more quickly on these new approaches. Launches
of new antibiotic agents over the last decade have been “atrocious” from
a commercial standpoint, said Larsen, but innovative diagnostics have the
potential to improve the commercial prospects for both new antibiotics and
nontraditional approaches to infectious disease.

Levy agreed that innovative and nontraditional approaches to diagnos-
tics are needed to meet the challenges in the area of AMR and diagnostics,
including workforce shortages, the lack of a coordinated and robust patient
advocacy community, and regulatory barriers. New and nontraditional
approaches to diagnostics include

e community wastewater surveillance and analysis to identify patho-
gens and measure the spread of infection;

e novel analytical platforms (e.g., NGS) coupled with point-of-care,
noninvasive sample collection;

e screening and home-based tests;

e integration of Al systems, novel diagnostics, and digital health
technologies that can screen, diagnose, monitor, and predict disease
severity;

® automatic, real-time detection and tracing to integrate virus-sensing
elements with touchscreen or other digital devices.

Innovative approaches to developing diagnostics may also be needed,
she said. For example, the AMR Diagnostic Challenge was a federal prize
competition that sought innovative, point-of-care diagnostics to combat
AMR; the winner received $19 million for a rapid diagnostic for gonorrhea
that detected microorganisms and susceptibility to a single-dose antibiotic
in under 30 minutes (NIH, 2020). This challenge, said Levy, spurred a num-
ber of paradigm-shifting and “moonshot” diagnostics. Another approach
for encouraging innovation is crowdsourcing or “citizen science.” This has

11 See https://clinicaltrials.gov/ct2/show/NCT05488340 (accessed January 27, 2023).
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become popular in adjacent fields, said Levy; for example, Foldit!? is an
online video game designed to advance research in protein folding. Foldit is
also an example of a strong public-private partnership, she said, as its col-
laborators include University of Washington, Defense Advanced Research
Projects Agency (DARPA), NIH, Amazon, Microsoft, Adobe, and others.
A similar approach could be taken to generate data for the development
of diagnostics and therapeutics. In fact, said Levy, Adaptive Phage Thera-
peutics has just announced a challenge to find bacteria that are resistant to

their investigational phage bank, with any successful submission receiving
$1000.13

CLOSING REMARKS

Given that cost underpins many of the challenges raised during the
workshop discussions, Trainor suggested that rather than trying to “boil
the ocean,” it can be helpful to think about how the community could come
together to support focused efforts on specific pathogens, syndromes, or
care settings that would have the most impact. Priority areas might include
care settings that have demonstrated high levels of inappropriate prescrib-
ing or conditions, such as sepsis, for which time has a significant impact
on disease progression and patient outcomes. Eder suggested that one area
in which investments could make a difference is asymptomatic monitoring.
In some care settings, monitoring may not be cost-effective, he said, but in
particular settings, such as nursing homes, diagnostics that help monitor
patients and detect the onset of infection, could support more timely and
effective treatment. As an example, Eder suggested that in a retirement
facility setting, the use of wearables that detect UTIs could help inform the
appropriate and timely use of antibiotics and mitigate the development of
more serious conditions.

Trainor, Shawar, and Kester encouraged stakeholders to share infor-
mation and resources through collaboration. Shawar pointed out that
diagnostic developers need access to data, such as genetic information and
its correlation to phenotype. Specimen banks are also critical for validat-
ing devices, particularly for rare pathogens and rare resistant organisms.
Additionally, J. Patel and R. Patel highlighted the need for commonly
accepted metrics for improving antibiotic use in hospital settings. If there
were metrics upon which hospitals were responsible for improving pre-
scribing, this could change how diagnostics are used and institutionalize

12 See https://fold.it/ (accessed January 27, 2023).

13 See https://aphage.com/adaptive-phage-therapeutics-announces-the-amr-rapid-challenge-
for-the-infectious-disease-research-community-find-a-bacteria-resistant-to-apts-investigational-
phage-ban/ (accessed January 27, 2023).
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the benefits of appropriate antibiotic use. Trainor and Kester concluded
that discussions such as these can help mobilize people, organizations, and
the public to engage on the issue of diagnosis and appropriate treatment
and take action.
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Appendix A:

Workshop Agenda

DAY 1: THURSDAY, OCTOBER 13, 2022

8:30 am  Welcome and Opening Remarks
Kent E. Kester, Workshop Co-chair
Vice President, Translational Medicine
International AIDS Vaccine Initiative

Betsy Wonderly Trainor, Workshop Co-chair
Alliance Director

CARB-X

8:50 am  SESSION I - Defining the Need for Rapid Diagnostics:
Where do we go from here?

Session Objectives:

e  Examine the current state of rapid diagnostic development,
including examples of successes and limitations of current
approaches;

e Consider gaps that rapid diagnostics may be best-suited to
address (e.g. tools to support targeted treatment decisions
in the healthcare setting, tools to enable real-time surveil-
lance based on routine hospital data);

¢ Discuss what “success” might look like in future.
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8:50 am

9:20 am

10:00 am

10:30 am

11:00 am

DEVELOPMENT AND UPTAKE OF RAPID DIAGNOSTICS

Fireside Chat

Karen C. Carroll, Keynote Speaker

Director, Division Medical Microbiology & Professor of
Pathology

Johns Hopkins University School of Medicine

Panel Discussion
Karen C. Carroll, Moderator
Johns Hopkins University School of Medicine

Patient Perspective
Bradley Burnam

Founder & AMR Survivor
Turn Therapeutics

Developer Perspective
Craig Whiteford
Senior Director R&D
Becton Dickinson

Bioethics Perspective

Tracey L. Cohen

Distinguished Visiting Scholar

Institute for Bioethics & Health Policy, University of Miami
Miller School of Medicine

Reimbursement Perspective

Susan Van Meter

President

American Clinical Laboratory Association

Q&A/Audience Discussion
Coffee Break (30 minutes)

SESSION II — Challenges in Development and Use of Rapid
Diagnostics in Healthcare Settings

Session Objectives:

e Consider the unique challenges for the development of rapid
point-of-care diagnostics to address antibiotic resistance;

e Discuss lessons learned from other diseases, including
COVID-19, for rapid diagnostics development and use; and

PREPUBLICATION COPY—Uncorrected Proofs

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/27008

Accelerating the Development and Uptake of Rapid Diagnostics to Address Antibiotic Resistance: Proceedings ...

APPENDIX A

11:00 am

11:15 am

11:30 am

11:45 am

101

¢ Consider generalizable applications and practical approaches
to overcome barriers to the development and use/uptake of
rapid diagnostics for drug-resistant bacterial infections.

Presentation 1

Lessons Learned from COVID-19 in the U.S. that are

Applicable to AMR

Joseph Lutgring

Medical Officer, Division of Healthcare Quality Promotion,
National Center for Emerging and Zoonotic Infectious
Diseases

Centers for Disease Control and Prevention

Presentation 2

Lessons Learned from Abroad through the WHO’s Access to
COVID-19 Tools Accelerator Program

William “Bill” Rodriguez

Chief Executive Officer

FIND, the Global Alliance for Diagnostics

Presentation 3

Lessons Learned from Programs focused on Accelerating the
Development of Rapid Dx’s To Date

Paul Eder

Senior Scientific Officer

Concept Acceleration Program — Diagnostics

National Institute of Allergy and Infectious Disease

Panel Discussion (30 mins)
Paul Eder, Moderator
National Institute of Allergy and Infectious Disease

Clinician Perspective

Alex Greninger

Assistant Professor and Assistant Director of the Clinical
Virology Laboratories

University of Washington Medical Center

Regulatory Perspective

Kristian Roth

Deputy Director

Division of Microbiology Devices, FDA
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Industry/Economic Perspective
David Persing

Head of R+D

Cepheid

12:15 pm Q& A/Audience Discussion
1:00 pm  Lunch Break (1 hour)

2:00 pm  SESSION III - Incentives at the Intersection of Diagnostics
and Drug Development

Session Objectives:

e Consider common incentives/disincentives for the develop-
ment of rapid diagnostics and new antibiotics; and

e Discuss innovative ways to foster innovation at the intersec-
tion of complementary diagnostics and drug development.

2:00 pm  Setting the Stage
John Billington
Head of Commercial Pipeline & Health Security, Policy &
Advocacy
GSK

2:10 pm  Panel Discussion
A Case Study: Partnership Between bioMerieux and Entasis
Therapeutics
John Billington, Moderator
GSK

Developer Perspective

Valérie Raymond-Schwartzmann

Companion Diagnostics Senior Program Director
bioMerieux

Therapeutics Perspective
Alita Miller
Chief Scientific Officer

Entasis Therapeutics
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2:50 pm
3:00 pm

3:30 pm

3:30 pm

103

Biotechnology Perspective
Gregory Frank

Director, Global Public Policy
Merck

HHS Perspective

Kim Sciarretta

DRIVe Launch Office Branch Chief

Biomedical Advanced Research and Development Authority
(BARDA)

Audience Q&A
Coffee Break (30 mins)
SESSION IV - Policy Levers: A Menu of Options

Session objectives:
e Lay out a “menu” of policy options for incentivizing the
development and use of rapid diagnostics.

Panel Discussion
Mark McClellan, Moderator
Duke Margolis Center for Health Policy

Industry Perspective

Phyllis Arthur

Vice President, Infectious Diseases & Emerging Science Policy
BIO

PACCARB Research Perspective

Sarah McClelland

Health Policy Analyst

U.S. Department of Health and Human Services

Analyst Perspective
Jaclyn Levy
Director, U.S. Policy
AMR Action Fund
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4:30 pm

5:00 pm

8:30 am

9:00 am

DEVELOPMENT AND UPTAKE OF RAPID DIAGNOSTICS

Law & Economics Perspective
Kevin Outterson

Professor of Law, Boston University
Executive Director, CARB-X

Q&A/Audience Discussion

ADJOURN WORKSHOP DAY 1

DAY 2: FRIDAY, OCTOBER 14, 2022

SESSION V - Health Equity Considerations for Diagnostic
Development and Use

Session Objectives:

e Consider the health equity implications for the develop-
ment and use of rapid point-of-care diagnostics in health
care settings; and

e Discuss practical approaches for incorporating diversity,
equity, inclusivity, and access into push and pull incentives
for spurring diagnostic development.

Diane Shader Smith, Keynote speaker
Mother of the Late Mallory Smith
AMR Advocate

Salt in My Soul Co-author/Producer

Roundtable Discussion
Amanda Jezek, Moderator
Infectious Diseases Society of America

Bioethics Perspective

Nicholas Evans

Chair, Associate Professor
University of Massachusetts, Lowell

Research Perspective

Daniel Bausch

Director of Emerging Threats & Global Health Security
FIND, The Global Alliance for Diagnostics
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Public Health Perspective

Melinda Pettigrew

Anna M. R. Lauder Professor of Epidemiology and
Interim Dean

Yale School of Public Health

Access and Innovation Perspective

Anthony So

Professor of the Practice; Director, Innovation+Design
Enabling Access (IDEA) Initiative

Johns Hopkins Bloomberg School of Public Health

10:00 am  Discussion
10:30 am  Coffee Break (30 minutes)

11:00 am  SESSION VI - Integrating Rapid Diagnostics and Antibiotic
Stewardship

Session Objectives:

e Discuss practical and actionable policy options to integrate
rapid point-of-care diagnostics and antibiotic stewardship
in healthcare settings;

e Consider the role of reimbursement, incentives, and guide-
line development for rapid point-of-care diagnostics in
healthcare settings.

11:00 am Panel Discussion
Robin Patel, Moderator
Mayo Clinic

Stewardship Program Perspective

Ritu Banerjee

Medical Director, Pediatric Antimicrobial Stewardship Program
Vanderbilt University

Lab Clinician Perspective
Carey-Ann Burnham
Chief Clinical Officer

Pattern Bioscience
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11:30 am

12:00 pm

12:00 pm

DEVELOPMENT AND UPTAKE OF RAPID DIAGNOSTICS

Industry/Developer Perspective
Diane Flayhart

Global Program Leader

Becton, Dickinson and Company

Q&A/Audience Discussion
SESSION VII - A Path Forward

Session Objectives:

* Based on a menu of policy options, consider practical and
actionable next steps that would be most impactful for
spurring the development and use of rapid diagnostics in
healthcare settings; and

e Discuss practical short- and long-term opportunities for
specific stakeholders to take action.

Roundtable Discussion
Betsy Wonderly Trainor, Moderator
CARB-X

Dx Developer/Public Health Equity Perspective
Jean Patel

Principal Scientific Affairs, Microbiology
Beckman Coulter Diagnostics

Pharma Perspective

Joseph Larsen

Vice President, Clinical Development
Locus Biosciences, Inc.

Clinician Perspective

Robin Patel

ID Physician, Laboratory Director
Mayo Clinic

Regulatory/Policy Perspective

Ribhi Shawar

Branch Chief, Division of Microbiology Devices, Office of
In Vitro Diagnostic and Radiological Health

Center for Devices and Radiological Health, FDA
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Health Equity Perspective

Susan Van Meter

President

American Clinical Laboratory Association

12:50 pm  Wrap Up Discussion and Closing Remarks
Kent E. Kester, Workshop Co-chair
Vice President, Translational Medicine
International AIDS Vaccine Initiative

Betsy Wonderly Trainor, Workshop Co-chair
Alliance Director

CARB-X

1:00 pm  ADJOURN DAY 2
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Biographical Sketches of the
Workshop Planning Committee
and Speakers

PLANNING COMMITTEE BIOSKETCHES

KeNT KESTER, M.D. (co-chair), is currently Vice President, Translational
Medicine, at TAVI. He was previously Vice President and Head, Transla-
tional Science and Biomarkers at Sanofi Pasteur, the vaccine business unit of
the Sanofi Group. Prior to this, in the context of a 24-year career in the U.S.
Army, he worked extensively in clinical vaccine development and led mul-
tiple research platforms at the Walter Reed Army Institute of Research, the
U.S. Department of Defense’s largest and most diverse biomedical research
laboratory—an institution he later led as its Commander. His final military
assignment was as the Associate Dean for Clinical Research in the School
of Medicine at the Uniformed Services University of the Health Sciences
(USUHS). During his military service, Dr. Kester was appointed as the lead
policy advisor to the U.S. Army Surgeon General in both Infectious Diseases
and in Medical Research & Development. In these capacities, he worked
extensively in the interagency environment and developed a variety of Army
and DoD medical policies related to infectious diseases.

Dr. Kester holds an undergraduate degree from Bucknell University
and an M.D. from the Sidney Kimmel Medical College, Thomas Jefferson
University, completing his internship and residency in internal medicine
at the University of Maryland and a research fellowship in infectious
diseases at the Walter Reed Army Medical Center. Currently a member
of the U.S. Government Presidential Advisory Council on Combating
Antibiotic-Resistant Bacteria (PACCARB), the Department of Veterans
Affairs Health Services Research & Development Service Merit Review

109
PREPUBLICATION COPY—Uncorrected Proofs

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/27008

Accelerating the Development and Uptake of Rapid Diagnostics to Address Antibiotic Resistance: Proceedings ...

110 DEVELOPMENT AND UPTAKE OF RAPID DIAGNOSTICS

Board, the National Academy Standing Committee on Emerging Infectious
Diseases and 21st Century Health Threats, and the CEPI Scientific Advisory
Committee, he previously chaired the Steering Committee of the NIAID/
USUHS Infectious Disease Clinical Research Program, and has served as
a member of the FDA Vaccines & Related Biologics Products Advisory
Committee (VRBPAC), the NIAID Advisory Council, and the CDC Office
of Infectious Diseases Board of Scientific Counselors. He is a Vice Chair of
the National Academy of Medicine Forum on Microbial Threats. Board-
certified in both internal medicine and infectious diseases, Dr. Kester holds
faculty appointments at USUHS and the University of Maryland; and is a
fellow of the American College of Physicians, the Royal College of Physi-
cians of Edinburgh, the Infectious Disease Society of America, and the
American Society of Tropical Medicine and Hygiene, where he also serves
as the Society’s Secretary-Treasurer. He is a member of the clinical faculty
at the University of Maryland Shock Trauma Center in Baltimore and the
Wilkes-Barre VA Medical Center in Wilkes-Barre, PA.

BeTsy WONDERLY TRAINOR (co-chair) brings over a decade of experience
in the diagnostics industry, focused mainly on the validation and imple-
mentation of infectious disease diagnostics. Trainor has a background
in clinical and behavioral research that started during her undergraduate
studies at Cornell University. Her work initially focused on HIV in Africa
and then on infectious diseases, globally, including HCV, TB, and Ebola.
In addition to leading diagnostic validation studies, she has led the com-
mercialization of diagnostic product lines and a variety of global partner-
ships on behalf of both private and public entities. She has supported the
development of global guidelines and negotiated deals with large donor
organizations as well as private entities. Trainor has recently led business
development efforts at multiple innovative diagnostic companies, including
Daktari Diagnostics and Aldatu Biosciences, in addition to leading product
validation and implementation efforts at the Foundation for Innovative
New Diagnostics (FIND) and the World Health Organization (WHO). She
is looking forward to putting her experience to good use in supporting
the CARB-X mission.

JoHN BILLINGTON, ]J.D., M.P.H., is Head of Commercial Pipeline and Health
Security Policy and Advocacy in the global corporate government affairs
department of GSK. In this role, he is responsible for the company’s policy
and advocacy strategy for the commercial pipeline at the enterprise level,
including a focus on pandemic preparedness and antimicrobial resistance
(AMR). Prior to this role, Billington was director of science policy for the
global vaccines business and director of U.S. vaccines policy before that.
Before joining GSK, he was director of health policy at the Infectious
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Diseases Society of America (IDSA). At IDSA, Billington served as lead
subject matter expert on vaccines, antibiotics, and medical countermeasures
policy. He also launched and coordinated the U.S. Stakeholder Forum on
Antimicrobial Resistance (S-FAR), a national stakeholder partnership to
advance U.S. and global policies and practices in response to AMR. Earlier
in his career, John was a manager in the health reform practice at Avalere
Health, a health policy advisory firm. He was also a legislative fellow for
health policy in the office of U.S. Senator Sherrod Brown of Ohio. He
received his Juris Doctor and Master of Public Health degree from the Ohio
State University in Columbus, Ohio. He received his undergraduate degree
from Colgate University in Hamilton, New York.

CAREY-ANN BurnHAM, Ph.D., D(ABMM), FIDSA, F(AMM), is currently
Chief Clinical Officer, Pattern Bioscience, and Professor of Pathology &
Immunology, Washington University in St. Louis School of Medicine. She
was previously Professor of Pathology & Immunology, Pediatrics, Molecu-
lar Microbiology, and Medicine at Washington University in St. Louis
School of Medicine and Vice Chair for Faculty Mentoring & Advancement
in Pathology & Immunology. In addition, for 11 years she served as Medi-
cal Director of the system clinical microbiology laboratory at Barnes-Jewish
Hospital in St. Louis and the program director for the Medical and Public
Health Microbiology Fellowship at Washington University. At Washington
University, her research program focused on the development of new diag-
nostics for infectious diseases, antimicrobial resistance, and transmission
and epidemiology of antimicrobial resistant microorganisms. Burnham is
actively involved in several editorial roles, including serving as an editor
for the Journal of Clinical Microbiology, Clinical Microbiology News-
letter, and Clinical Microbiology Procedures Handbook, 5% ed. Burnham
has held leadership roles in professional societies, including the American
Society for Microbiology, Clinical and Laboratory Standards Institute, the
American Academy of Microbiology, and the Academy of Clinical Labora-
tory Physicians and Scientists. In 2020, Burnham received the prestigious
American Society for Microbiology Award for Research and Leadership in
Microbiology, and Burnham has published more than 200 articles in the
area of diagnostic and clinical microbiology.

PauL EDER, PH.D., is a Senior Scientific Officer and leads the Concept Accel-
eration Program for Diagnostics in the Division of Microbiology and Infec-
tious Diseases (DMID) at NTAID. Previously he served for eight years as a
Senior Medical Diagnostics Advisor at the Biomedical Advanced Research
and Development Authority (BARDA) inside the U.S. DHHS. For seven
years prior he served as the Director of Assay Development at Qiagen,
where he used a Bill and Melinda Gates Foundation grant to create the
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first WHO pre-qualified HPV screening test for utility in resource-limited
communities worldwide. He completed postdoctoral fellowships in nuclear
tRNA transport at the Howard Hughes Medical Institute at the University
of Pennsylvania and in catalytic RNA with Nobel laureate Sidney Altman at
the Department of Biology at Yale University. His Ph.D. is in biochemistry
from the University of Towa.

DeBoraH HunG, M.D., works at the interface of chemical biology,
genomics, and bacterial pathogenesis to establish new paradigms for an
antibiotic based on the essential biology required for a pathogen to cause
disease within the host. Using her training as a synthetic chemist, bacte-
rial geneticist, and clinical physician, she explores approaches to disrupt-
ing the pathogen-host interaction. Dr. Hung is a physician-scientist at the
Broad Institute of MIT and Harvard, the Department of Molecular Biology
at the Massachusetts General Hospital, and the Department of Genetics at
Harvard Medical School, and is the Co-Director of the Infectious Disease
and Microbiome Program at the Broad Institute. She is an attending physi-
cian at the Brigham and Women’s Hospital in Boston in infectious diseases
and critical care medicine.

AMANDA JEZEK is currently the Senior Vice President for Public Policy and
Government Relations at the Infectious Diseases Society of America (IDSA),
which represents more than 12,000 ID physicians and scientists. Amanda
oversees IDSA’s public policy and government relations department, with
responsibility for policy development and advocacy on IDSA priority issues,
including antimicrobial resistance, the infectious diseases workforce, pan-
demic preparedness and response, immunizations, federal funding, and
other issues relating to public health and biomedical research. Jezek has
been with IDSA since 2011, previously serving as IDSA’s Government
Relations Director. Prior to joining IDSA, she was the Deputy Director for
Federal Affairs at the March of Dimes Foundation. In this capacity, Jezek
led the March of Dimes’ policy development and lobbying efforts on all
issues related to access to healthcare for women of childbearing age, infants,
and children, including the Foundation’s work on the Affordable Care Act.
She also lobbied for Mental Health America and worked as a legislative
assistant and press secretary for U.S. Representative Grace Napolitano
(D-CA). Jezek holds a B.A. in Political Science from Dartmouth College.

RoBIN PatEL, M.D.(CM), D(ABMM), FIDSA, FACP, F(AAM), graduated
from Princeton University with a B.A. in Chemistry and graduated from
McGill University with an M.D. She completed a residency in Internal

Medicine and fellowships in Infectious Diseases and Microbiology at Mayo
Clinic. She is the Elizabeth P. and Robert E. Allen Professor of Individualized
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Medicine, Professor of Medicine, Professor of Microbiology, Director of the
Infectious Diseases Research Laboratory, and Co-Director of the Clinical
Bacteriology Laboratory at Mayo Clinic. Dr. Patel is a Fellow of Ameri-
can Academy of Microbiology, Past President of the American Society for
Microbiology, a past associate editor for Clinical Infectious Diseases, and
course director for the Mayo Clinic Alix School of Medicine microbiology.
She is also the Laboratory Center Director for the NIH’s Antibacterial
Resistance Leadership Group. Her research focuses on clinical bacteriology
diagnostic testing, antimicrobial resistance, and microbial biofilms.

RiBHI SHAWAR, PH.D., currently serves as the branch chief at the Division
of Microbiology in the Office of In vitro Diagnostic and Radiological
Health (OIR) at the Center for Devices and Radiological Health (CDRH)
at the FDA where he specializes in the area of antimicrobial susceptibil-
ity testing and detection of resistance. Dr. Shawar has a Ph.D. in Medi-
cal Microbiology and an M.Sc. in Medical Parasitology. He is a certified
diplomate by the American Board of Medical Microbiology (ABMM) for
25 years and was recently elected as a Fellow of the American Academy of
Microbiology (F-AAM). Dr. Shawar is a recognized clinical microbiologist
with diverse experience in hospital settings, diagnostic and pharmaceutical
microbiology, and anti-infective drug development with strong knowledge
in regulatory aspects, both in antimicrobial drug products and infectious
disease diagnostics. Dr. Shawar has authored multiple publications in peer
reviewed journals, served or currently serves as advisor to several CLSI
Sub-committees and is the recipient of multiple awards including GSK
Gold Award and most recently the FDA’s Outstanding Service Award for
his pioneering role in the creation of the FDA-CDC AR Isolate Bank. He
served for two terms as Chair of the ABMM Standards and Examinations
Committee (Parasitology) and as member of the editorial board of the
Journal of Clinical Microbiology. Prior to joining FDA, Dr. Shawar served
in multiple roles at various institutions including Baylor College of Medi-
cine, VA Medical Center in Houston, PathoGenesis Corporation, Chiron
(Novartis) in Seattle, and GlaxoSmithKline in Philadelphia.

SusaN Van MEeTer was named ACLA President in March 2022. She pre-
viously served as Executive Director of AdvaMedDx where she directed
the policy, advocacy, communications, regulatory, payment and legislative
strategy and operations of the association, which represents manufacturers
of in vitro diagnostic (IVD) clinical tests in the U.S. and abroad. In this
role, she also developed the association’s robust response to the COVID-19
pandemic and ongoing advocacy efforts. Prior to her role at AdvaMedDx,
Van Meter served as the Senior Vice President of Federal Relations at
the Healthcare Association of New York State (HANYS), where she was
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responsible for developing their priorities and strategies to further the
interests of their hospital and health system members. She also previously
worked in the Centers for Medicare & Medicaid Services’ (CMS) Office
of Legislation. Van Meter holds undergraduate and graduate degrees from
Villanova University and Boston University, respectively.

SPEAKER BIOSKETCHES

PHYLLIS ARTHUR is Vice President for Infectious Diseases and Emerging Sci-
ence Policy at the Biotechnology Innovation Organization (BIO). In this
role Ms. Arthur is responsible for working with member companies in
vaccines, antimicrobial resistance, molecular diagnostics and biodefense
on policy, legislative, and regulatory issues. Ms. Arthur joined BIO in July
2009 as the Director of Healthcare Regulatory Affairs. Prior to joining
BIO, she worked in numerous marketing and sales positions for Merck &
Co. Inc. in their Vaccine Division. Over her 16-year career at Merck, Ms.
Arthur launched several exciting new vaccines in the United States and
internationally, including the first HPV vaccine, GARDASIL. During her
years in Marketing, she worked closely with clinical and academic thought
leaders in infectious diseases, oncology, and public health. In addition, Ms.
Arthur also led a large vaccine sales organization of more than 75 repre-
sentatives and managers covering 14 states. Before graduate school, Ms.
Arthur worked as a research assistant for two economists at the Brookings
Institution in Washington, DC. There she conducted economic analyses
related to savings and investment policies for the OECD countries. Ms.
Arthur received her B.A. in 1987 in Economics and International Politics
from Goucher College and her M.B.A. in 1991 from the Wharton School
of Business at the University of Pennsylvania.

Ritu BaNERJEE, M.D., PH.D., is professor in the Division of Pediatric Infec-
tious Diseases at Vanderbilt University Medical Center. She is the Director
of the Antimicrobial Stewardship Program and Director of Clinical Ser-
vices for Pediatric Infectious Diseases at Vanderbilt’s Children’s Hospital.
She received her M.D. and Ph.D. degrees from Washington University in
St. Louis and then completed Pediatrics residency and Pediatric Infectious
Disease fellowship at the University of California, San Francisco. She is a
member of many national committees through the Pediatric Infectious Dis-
eases Society, the American Academy of Pediatrics, the Infectious Diseases
Society of America, and the Antibacterial Resistance Leadership Group.
Dr. Banerjee conducts federally funded clinical research about antibiotic
stewardship and implementation and outcomes of rapid diagnostics for
infectious diseases.
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DanieL BauscH, M.D., MPH&TM, FASTMH, is the Senior Director of
Emerging Threats and Global Health Security at FIND, the global alliance
for diagnostics (www.FINDdx.org), in Geneva, Switzerland, leading FIND’s
efforts on pandemic preparedness and response. He is trained in inter-
nal medicine, infectious diseases, tropical medicine, and public health. Dr.
Bausch specializes in the research and control of emerging tropical viruses,
with more than 25 years’ experience in sub-Saharan Africa, Latin America,
and Asia combating viruses such as Ebola, Lassa, hantavirus, and SARS
coronaviruses. Previously, he served as Director of the United Kingdom’s
Public Health Rapid Support team (2017-2021), a joint effort by Public
Health England and the London School of Hygiene & Tropical Medicine to
respond and conduct research to prevent and control outbreaks of danger-
ous infectious diseases around the world. He has also held posts at the World
Health Organization in Geneva, Switzerland; U.S. Naval Medical Research
Unit No. 6 in Lima, Peru; Tulane School of Public Health and Tropical
Medicine in New Orleans, USA; and the U.S. Centers for Disease Control
and Prevention in Atlanta, USA. In addition to his role at FIND, Dr. Bausch
holds an appointment as a Professor of Tropical Medicine at the London
School of Hygiene and Tropical Medicine and is the current President of the
American Society of Tropical Medicine and Hygiene (www.ASTMH.org).
He places a strong emphasis on capacity development in all his projects and
has a keen interest in the role of the scientist in promoting health and human
rights. Dr. Bausch is fluent in English, French, and Spanish.

JoHN BILLINGTON, J.D., M.P.H., is Head of Commercial Pipeline and Health
Security Policy and Advocacy in the global corporate government affairs
department of GSK. In this role, he is responsible for the company’s policy
and advocacy strategy for infectious diseases at the enterprise level, with a
focus on pandemic preparedness and antimicrobial resistance (AMR). Prior
to this role, Billington was director of science policy for the global vaccines
business and director for U.S. vaccines policy before that. Before joining
GSK, he was director of health policy at the Infectious Diseases Society of
America (IDSA). At IDSA, he served as lead subject matter expert on vac-
cines, antibiotics, and medical countermeasures policy. He also launched
and coordinated the U.S. Stakeholder Forum on Antimicrobial Resistance
(S-FAR), a national stakeholder partnership to advance U.S. and global
policies and practices in response to AMR. Earlier in his career, Billington
was a manager in the health reform practice at Avalere Health, a health
policy advisory firm. He was also a legislative fellow for health policy in the
office of U.S. Senator Sherrod Brown of Ohio. Billington received his Juris
Doctor and Master of Public Health degree from the Ohio State University
in Columbus, Ohio. He received his undergraduate degree from Colgate
University in Hamilton, New York.
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BrapLeEy BurnaMm is Founder and CEO of Turn Therapeutics, a biotechnol-
ogy company addressing critical patient needs across advanced wound care,
infectious disease, and dermatology. In an attempt to treat his own recur-
ring, antibiotic-resistant skin infection, Burnam developed the first patented
method for permanently and stably fusing polar, water-soluble ingredients
in petrolatum without an emulsifier. This process, known commercially as
PermaFusion®, enabled Burnam to stably suspend broad-spectrum, liquid
antimicrobials into a petrolatum carrier. The initial commercial embodi-
ment, which became Turn’s first FDA cleared product, is a non-cytotoxic,
petrolatum-based, broad-spectrum antimicrobial ointment with the physi-
cal consistency/safety profile of OTC topical antibiotics. PermaFusion® has
since enabled Burnam to create Turn’s growing product portfolio and thera-
peutic pipeline, including multiple FDA cleared advanced wound products
and a lead therapeutic, non-antibiotic topical candidate intended to be
indicated for the treatment of antibiotic resistant skin infections. Burnam
is a self-taught regulatory and formulation expert who singlehandedly
facilitated Turn’s first three FDA clearances. He is a regular guest lecturer
at UCLA and was a keynote speaker at the 2019 UCLA commencement. He
holds a bachelor’s degree from UCLA and a master’s degree from Stanford
University.

KAReN CARROLL, M.D., is professor of pathology at the Johns Hopkins Uni-
versity School of Medicine. Her areas of clinical expertise include Medical
Microbiology and Infectious Diseases. Dr. Carroll serves as the Director of
the Division of Medical Microbiology and the Director of the ACGME-
accredited fellowship program in medical microbiology in the Department
of Pathology.

Dr. Carroll earned her M.D. from the University of Maryland School
of Medicine. She completed her residency at the University of Rochester
Medical Center, performed a fellowship in medical microbiology at the
University of Utah, and performed another fellowship in infectious disease
at the University of Massachusetts Medical School.

Her research interests include the evaluation of novel diagnostic plat-
forms, diagnosis of bloodstream infections/sepsis, and the diagnosis and
epidemiology of healthcare-associated infections, such as MRSA and
Clostridium difficile. More recently Dr. Carroll has collaborated with
researchers on novel rapid microfluidics platforms and next generation
sequencing technologies for detection of a variety of pathogens. She has
participated in programs to foster appropriate test utilization and diagnos-
tic stewardship.

Tracey L. CoHeN is a Distinguished Visiting Scholar at the University of
Miami Miller School of Medicine Institute for Bioethics & Health Policy.

PREPUBLICATION COPY—Uncorrected Proofs

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/27008

Accelerating the Development and Uptake of Rapid Diagnostics to Address Antibiotic Resistance: Proceedings ...

APPENDIX B 117

As a healthcare attorney, Ms. Cohen has represented national and Florida
healthcare systems in regulatory compliance, peer-review, transactional and
litigation matters. Ms. Cohen also has practiced as an intellectual property
attorney, overseeing the intellectual property portfolios of major healthcare
institutions, corporations, and individuals.

Ms. Cohen served as an Adjunct Professor of Law at Nova Southeastern
University Broad College of Law for six years, where she created curriculum
and taught courses in intellectual property law. She is also a legal writer and
has published articles for Nolo, a division of Martindale-Hubbell.

Ms. Cohen received her B.A. in Philosophy from Brandeis University
and her J.D. from the University of Florida Levin College of Law, where she
was the recipient of a Book Award in Legal Research and Writing and sat
on the Senior Editorial Board of the University of Florida Journal of Law
and Public Policy. Ms. Cohen also holds a Master of Science in Bioethics
from Columbia University.

PauL Eper, PH.D., is a Senior Scientific Officer and leads the Concept
Acceleration Program for Diagnostics in the Division of Microbiology
and Infectious Diseases (DMID) at NIAID. Previously he served for eight
years as a Senior Medical Diagnostics Advisor at the Biomedical Advanced
Research and Development Authority (BARDA) inside the US DHHS. For
seven years prior he served as the Director of Assay Development at Qiagen,
where he used a Bill and Melinda Gates Foundation grant to create the first
WHO pre-qualified HPV screening test for utility in resource-limited com-
munities worldwide. For that he won the Qiagen Sydney Brenner R&D
Award for outstanding accomplishment in global R&D. He completed
postdoctoral fellowships in nuclear tRNA transport at the Howard Hughes
Medical Institute at the University of Pennsylvania and in catalytic RNA
with Nobel laureate Sidney Altman at the Department of Biology at Yale
University. His Ph.D. is in biochemistry from the University of Iowa. He
holds ten issued patents and has authored 25 publications and reviews.

NicHoras G. Evans, PH.D., is Associate Professor of Philosophy at the
University of Massachusetts Lowell. A 2020-2023 Greenwall Foundation
Faculty Scholar, he currently conducts research on the ethics of emerging
technologies, with a focus on national security issues. He is best known
for his research on “dual-use research” in the life sciences and has recently
begun work examining research ethics concerns arising from the perfor-
mance enhancement of active military personnel, funded by the U.S. Air
Force Office of Scientific Research.

In addition to his work on emerging technologies, Evans is a recog-
nized expert in public health ethics, writing on the ethics of social distanc-
ing, research ethics during health emergencies, and the use of force in
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pandemic response. His 2016 collection, Ebola’s Message: Public Health
and Medicine in the 21st Century received favorable reviews in Nature.
In late 2021 he will publish a new, sole-authored work on pandemic pre-
paredness with The MIT Press titled, War on All Fronts: A Theory of Just
Health Security.

Prior to his appointment at the University of Massachusetts, Evans
completed postdoctoral research at the Perelman School of Medicine at
the University of Pennsylvania. In 2015, he held an Emerging Leaders in
Biosecurity Initiative Fellowship at the UPMC Center for Health Security,
Baltimore. He also previously served as a policy officer with the Australian
Department of Health and Australian Therapeutic Goods Administration.

Diane FrayHART is the Global Program Leader AMR at the Anti-
microbial Resistance Fighter Coalition/BD. She leads efforts for the
Antimicrobial Fighter Coalition, a global organization that aspires to change
behaviors across the globe that will maintain the effectiveness of antibiotics
for future generations. The Coalition seeks to substantially increase aware-
ness of drug-resistant infections and encourage action across a wide range
of stakeholders, including policymakers, health agency officials, profes-
sional societies, clinicians, patients, and family members. The Coalition is
mobilized by BD where Flayhart has served roles of increased responsibility
focused on Marketing and Commercial Excellence since 2007. She started
her career at Johns Hopkins Medical Institution working as a medical tech-
nologist in the Microbiology Laboratory. Flayhart completed her master’s
degree in Business Administration at the Johns Hopkins University.

GRrEG FrANK, PH.D., is Director, Global Public Policy with Merck, where
he leads Merck’s global antimicrobial resistance (AMR) policy. Previously
Dr. Frank served as Senior Director, Infectious Disease Policy at the Bio-
technology Innovation Organization (BIO), where he led several infectious
diseases policy issues, including AMR and vaccine regulatory policy. Prior
to BIO, Dr. Frank led science and diagnostics policy as Program Officer for
Science and Research Policy at the Infectious Diseases Society of America
(IDSA).

Dr. Frank serves on the Leadership Council of the National Institute
of Antimicrobial Resistant Research and Education (NIAMRRE) and the
expert advisory committee for the Partnership to Fight Infectious Diseases.
He is a Board member on the AMR Industry Alliance. Previously, Dr. Frank
has served on the U.S. Presidential Advisory Committee on Antibiotic
Resistant Bacteria (PACCARB) and joined expert advisory committees of
the Access to Medicines Foundation AMR Benchmark, the Global AMR
R&D Hub, and the Duke-Margolis Center for Health Policy Antimicrobial
Incentives & Payment Reform Project.
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Dr. Frank received his doctorate in immunology at the University of
Pittsburgh and pursued his postdoctoral training at the Laboratory of Viral
Diseases at the National Institute of Allergy & Infectious Diseases.

ALEX GRENINGER, M.D., Pu.D., M.S., M.PHIL., is assistant director of the
UW Medicine Clinical Virology Laboratory and a UW assistant professor
of Laboratory Medicine. Dr. Greninger focuses on genomic and proteomic
characterization of a variety of human viruses and bacteria, with a focus
on respiratory viruses and human herpesviruses. He has discovered a num-
ber of new human and animal viruses. His basic science lab at South
Lake Union uses genomically informed approaches to understand human
infectious diseases. Dr. Greninger earned his M.D. and Ph.D., from UC
San Francisco, his M.S. in Immunology from Stanford, and his M.Phil. in
Epidemiology from Cambridge in England. Dr. Greninger has clinical inter-
ests in facilitating clinical trial testing for respiratory viruses and human
herpesviruses.

Joe Larsen, PH.D., is Vice President, Clinical Development at Locus
Biosciences where he leads development programs for Locus’s clinical stage
assets. Previously, Dr. Larsen was Vice President, Strategic Portfolio Devel-
opment at Venatorx Pharmaceuticals, a biotechnology company focused
on the development of novel antibiotics. Prior to that, Dr. Larsen spent
ten years in the federal government, including serving as Deputy Direc-
tor of Chemical, Biological, Radiological and Nuclear (CBRN) medical
countermeasures at the Biomedical Advanced Research and Development
Authority (BARDA), where he oversaw the $2.8B Project Bioshield fund for
the late-stage development and procurement of medical countermeasures.
Dr. Larsen received his Ph.D. in microbiology and immunology at the Uni-
formed Services University of the Health Sciences and a B.A. in microbiol-
ogy from the University of Kansas.

Jaciyn Levy is the Director of U.S. Policy at the AMR Action Fund, where
she works to support policy solutions and market reforms related to anti-
microbial R&D, pull incentives, stewardship, and access. She joined the
Fund from the Infectious Diseases Society of America (IDSA), where she
served as Director of Public Policy and advanced a broad portfolio of
research, diagnostics, and public health policy issues. Prior to IDSA, Levy
worked as a biosecurity analyst for the U.S. Department of Homeland
Security and as a scientific editor and consultant. She has over a decade
of experience in federal and global policy and advocacy work and has
authored numerous publications on pandemic preparedness, antimicrobial
resistance, molecular diagnostics, and biomedical R&D. Levy holds an
M.S. in Biohazardous Threat Agents & Emerging Infectious Diseases from
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Georgetown University and a B.A. from The George Washington University.
She was a 2020 Atlantic Council Millennium Fellow.

JosepH LUTGRING, M.D., works as a medical officer for the Division of
Healthcare Quality Promotion at the Centers for Disease Control and
Prevention. He is a graduate of Indiana University School of Medicine.
He is board certified in internal medicine, infectious diseases, and medical
microbiology. He has interests in diagnostic stewardship, antimicrobial
resistance, and working on topics at the intersection of clinical infectious
diseases and the microbiology laboratory.

STANLEY MARTIN, MD is a board-certified and fellowship-trained specialist
in infectious diseases. His clinical interests include immunocompromised
hosts, transplantation, and infections related to mechanical circulatory sup-
port. His research interests include antimicrobial stewardship, population
health, and optimization of inpatient care. Dr. Martin earned his medi-
cal degree from the University of Tennessee. He completed his residency
at Mayo Clinic, Rochester, and his fellowship in infectious diseases at
Massachusetts General Hospital. Dr. Martin is certified by the American
Board of Internal Medicine in infectious diseases. He is Geisinger’s director
of the Division of Infectious Diseases.

ALITA MILLER, PH.D., is the Chief Scientific Officer at Entasis Therapeutics,
where she has played a key role in the discovery and development of several
novel antibacterial agents, including ETX0462, sulbactam-durlobactam
and zoliflodacin. She has more than 20 years of experience in antibacterial
research, first at Pfizer, where she led both large and small molecule discov-
ery projects, and then at AstraZeneca, where she was Head of Microbial
Genetics and Genomics. Dr. Miller obtained a B.A. in Chemistry from
Kalamazoo College and a Ph.D. in Biochemistry & Molecular Biology from
the University of Chicago. Her postdoctoral training was in the DiRita lab
at the University of Michigan.

KEevIN OUTTERSON, J.D., LLM, teaches health care law at Boston University,
where he codirects the Health Law Program. He serves as the founding
Executive Director and Principal Investigator for CARB-X, an >$800M
international public-private partnership to accelerate global antibacterial
innovation. Key partners in CARB-X include the US Government (BARDA
& NIAID), the Wellcome Trust, the German Federal Ministry of Educa-
tion and Research (BMBF), the UK Government (GAMRIF), and the Bill
& Melinda Gates Foundation. Professor Outterson’s research work focuses
on the law and economics of antimicrobial resistance, particularly push and
pull incentives for antimicrobials. He served as a senior author on many key
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research reports on antibiotic innovation, including Chatham House, ERG,
DRIVE-AB, and the Lancet Commission. Professor Outterson was given the
2015 Leadership Award by the Alliance for the Prudent Use of Antibiotics
for his research and advocacy work. He has testified before Congress, Par-
liamentary working groups, the WHO, and state legislatures. Since August
2016, he leads CARB-X, the world’s most innovative antibiotic accelerator.

JeAN PaTEL, PH.D., currently serves as the principal scientist, scientific
affairs, at Beckman Coulter. Prior to her role at Beckman Coulter, Dr.
Patel served as the science team lead, antibiotic resistance coordination
and strategy unit, at the Centers for Disease Control (CDC), where she led
implementation of its Antibiotic Resistance Laboratory Network and the
CDC and FDA Antibiotic Resistance Isolate Bank.

Dr. Patel has served as chair and vice chair of the Clinical and Labo-
ratory Standards Institute Subcommittee for Antimicrobial Susceptibility
Testing and works with the World Health Organization (WHO) to develop
technical guidance for detecting resistance and strengthening global surveil-
lance of antimicrobial resistance.

RoBIN PatEL, M.D.(CM), D(ABMM), FIDSA, FACP, F(AAM), graduated
from Princeton University with a B.A. in Chemistry and from McGill Uni-
versity with an M.D. She completed a residency in Internal Medicine and
fellowships in Infectious Diseases and Microbiology at Mayo Clinic. She is
the Elizabeth P. and Robert E. Allen Professor of Individualized Medicine,
Professor of Medicine, Professor of Microbiology, Director of the Infectious
Diseases Research Laboratory, and Co-Director of the Clinical Bacteriology
Laboratory at Mayo Clinic. Dr. Patel is a Fellow of American Academy of
Microbiology, past President of the American Society for Microbiology, a
past associate editor for Clinical Infectious Diseases, and course director
for the Mayo Clinic Alix School of Medicine microbiology course. She is
also the Laboratory Center Director for the NIH’s Antibacterial Resistance
Leadership Group. Her research focuses on clinical bacteriology diagnostic
testing, antimicrobial resistance, and microbial biofilms.

Davib (DAVE) PErSING, M.D., Pu.D., is Executive Vice President and Chief
Scientific Officer at Cepheid and in 2017 was appointed Chief Scientific
Officer (CSO) for the Danaher Diagnostics Platform. He has spent most
of his 30-year career in biomarker discovery, translational medicine,
and innovation in the diagnostics space. As CSO, Danaher Diagnostics
Platform, he has the responsibility for providing scientific, medical, and
strategic input to the Diagnostics’ Operating Companies and Platform
leadership. He also has the responsibility for development of new clinical
processes, technologies, or products that advance patient care, innovation,
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and competitive positioning of the Danaher Diagnostics group of operating
companies.

Persing joined Cepheid in 2005 and has since focused on the enable-
ment of molecular diagnostic technology to meet global needs in infectious
diseases and oncology. He conducted his scientific and medical training
with Don Ganem and Nobel laureate Harold Varmus at the University of
California, San Francisco. After residency training in Clinical Pathology at
Yale University, he held leadership roles in academia and industry starting
in the early 1990s with the design, implementation, and scaleup of the first
PCR reference laboratory at the Mayo Clinic. His interest in the democra-
tization of molecular diagnostic methods has been longstanding, starting
in 1993 with his publication of the first of five widely adopted textbooks
to include PCR protocols and guidelines for laboratory operations. He has
published more than 300 peer-reviewed articles and reviews, including mul-
tiple articles in the New England Journal of Medicine, Science, and PNAS.
In 2020, he was named to the Fierce Pharma list of the 22 most influential
scientists in the fight against COVID-19. To maintain a connection with
the latest trends in translational medicine, Persing also serves as Consult-
ing Professor of Pathology at Stanford University School of Medicine. He
obtained his M.D. and Ph.D. degrees from UCSF in 1988.

MELINDA PETTIGREW, PH.D., is the Anna M. R. Lauder Professor of Epidemi-
ology and the Interim Dean at the Yale School of Public Health. Pettigrew
conducts both laboratory and epidemiologic studies. Her work focuses
on how disruptions of homeostasis in the respiratory and gastrointestinal
microbiota influence colonization resistance, development of antibiotic
resistance, and risk of bacterial infections. Additional research seeks to
identify epidemiologic and genetic factors that influence whether oppor-
tunistic pathogens asymptomatically colonize or cause diseases such as
pneumonia and exacerbations of chronic obstructive pulmonary disease.

Pettigrew is nationally known for her research and leadership in her
roles on the steering and executive committees for the Antibiotic Resis-
tance Leadership Group (ARLG). The ARLG is a National Institutes of
Health sponsored initiative that supports a national network of scientists
to develop, implement, and manage a clinical research agenda to combat
the public health crisis of antimicrobial resistance. As the associate direc-
tor of the Scientific Leadership Core for the ARLG, she leads efforts to
implement and integrate principles of diversity, access, equity, and inclusion
throughout the network.

A graduate of Grinnell College, Pettigrew received her Ph.D. from
Yale University in 1999. She conducted a postdoctoral fellowship at the
University of Michigan prior to joining the Yale School of Public Health
faculty in 2002. Pettigrew’s research has been supported by grants from the
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National Institutes of Health, the Centers for Disease Control and Prevention,
and private foundations. In addition to her research, she is highly regarded
for her teaching. She has received the Yale School of Public Health Distin-
guished Teaching Award and the Inspiring Yale Award. She also serves on
the editorial board of the scientific journal mBio.

VALERIE RAYMOND SCHWARTZMANN, PHARMD), has been the Director of the
Companion Diagnostics Program at bioMérieux since 2014. The objective
of this program is to forge close partnerships with healthcare industries
(drugs, vaccines, medical and surgical equipment) in order to deliver diag-
nostic tests with high medical value as well as to support drug prescription
and improve patient care in the context of personalized medicine.

Prior to this position, Schwartzmann was Marketing Director “Acute
& Critical Care” within the Immunoassay Unit of bioMérieux. She helped
develop a marketing strategy centered on the medical value of products,
for clinicians, patients, and diagnostic laboratories. She has acquired
14 years of experience in sales and marketing both at local and corporate
level, mainly in the field of diagnostics but also in the field of medical
devices and pharmaceutical products (Roche Diagnostics—commercial
organization, Fresenius HemoCare - Marketing Director and Responsible
Pharmacist).

Schwartzmann is a Doctor of Pharmacy and a former intern at the
Hospitals of Lyon. She completed her training with a DEA in Analytical
Chemistry, an AEU in Toxicology, and a Certificate in Pharmacovigilance.

DIANE SHADER SMITH has had a vibrant career as a writer, speaker, publicist,
and fundraiser with an extensive roster of clients that includes products,
personalities, services, and celebrities.

In 2017, Shader Smith’s daughter Mallory died at the age of 25. This
would prove to be the inflection point in her life as this catastrophic loss
would lead her on a new path, one that was both unexpected and transfor-
mative. Since then, Shader Smith’s work has used Mallory’s posthumously
published memoir, Salt in My Soul, and the documentary of the same name
to address the following topics: AMR and the urgent global health crisis
antimicrobial resistance poses, phage therapy, the power of the patient
voice, the opioid epidemic and the need for balance, insurance obstacles
and access to healthcare, narrative medicine, storytelling to improve health
outcomes, the role of the caregiver, and memoir as medicine.

Shader Smith has given more than 250 talks across the United States—
on Capitol Hill, at the White House OSTP, at national and international
conferences, Grand Rounds in many hospitals, to lay and medical audiences
in Australia, the UK, Paris, and Brussels, NATO, members of the European
Union, and a TEDx Talk among others.
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Shader Smith has been interviewed by many major media outlets
including The New York Times, Forbes, NPR, The Los Angeles Times,
The Today Show, and The Hollywood Reporter, among others. She has
raised more than 6 million dollars for basic science research with a focus
on phage therapy.

WiLLiaM “BiLL” RobriGUEZ, M.D., is the Chief Executive Officer of FIND,
the global alliance for diagnostics. He previously served as Chief Medi-
cal Officer between 2015 and 2017. He joined from the Draper Richards
Kaplan Foundation, a global venture philanthropy firm supporting early-
stage, high-impact social enterprises. As a medical doctor, he has extensive
experience across both private and public sectors, founding his own diag-
nostics company, Daktari Diagnostics—a venture-backed start-up company
developing portable diagnostics for HIV, HCV, tuberculosis, typhoid, and
maternal health for use in low- and middle-income countries. He is a highly
respected figure in the global health community, serving as advisor to the
World Health Organization, Bill & Melinda Gates Foundation, national
governments on global HIV, tuberculosis, Ebola and COVID-19, as well
as numerous established and start-up for-profit and not-for-profit social
enterprises focused on global health. He is a graduate of Brown University
and the Yale University School of Medicine.

KristiaN RotH, PH.D., is the Deputy Director in the FDA’s Division of
Microbiology Devices. He received his Ph.D. in analytical chemistry from
the University of California Riverside, studying surface bound porphyrin
molecules, then completed a postdoc at the University of California Santa
Barbara studying the materials synthesis properties of large protein conju-
gates with Professor Dan Morse. Afterward he moved to the Seattle area
to join CombiMatrix, a startup diagnostics company targeting infectious
diseases using DNA microarray detection. There, he worked on developing
nucleic acid amplification assays for the detection and differentiation of influ-
enza using a novel microfluidic cartridge coupled with electrochemical array
detection. Dr. Roth then moved to the Maryland area to join Meso Scale
Discovery developing platforms for the detection of influenza, hepatitis, and
radiation biodosimetry. In 2011, he started at the FDA as a scientific reviewer
and was involved in the writing of guidance documents for assay migration
and multiplex infectious disease detection, then later served as Branch Chief
in the Multiplex Bacteriology and Medical Countermeasures branch in the
Division of Microbiology (DMD). Dr. Roth has also been a stakeholder in
DMD’s emergency response to the recent Ebola and Zika outbreaks.

Kim SCIARRETTA, PH.D., is the Launch Office Branch Chief within the Divi-
sion of Research Innovation and Ventures (DRIVe), Biomedical Advanced

PREPUBLICATION COPY—Uncorrected Proofs

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/27008

Accelerating the Development and Uptake of Rapid Diagnostics to Address Antibiotic Resistance: Proceedings ...

APPENDIX B 125

Research and Development Authority (BARDA), part of the Assistant Sec-
retary for Preparedness and Response (ASPR), within the United States
Department of Health and Human Services (HHS). Previously Dr. Sciarretta
was a Project Officer within the BARDA CBRN Division, and prior to
that, was a technical consultant to multiple U.S. Government Agencies.
Dr. Sciarretta was one of the inaugural members of DRIVe and is leading
efforts towards improving patient outcomes for sepsis through strategic
interagency activities and critical technology investments with external
partners. Dr. Sciarretta received her Ph.D. from the University of Chicago
in Molecular Genetics and Cell Biology. Her expertise broadly spans medi-
cal countermeasure development, biochemistry, synthetic biology, advanced
manufacturing, and chemical and biological defense technologies.

AnTHONY D. So, M.D., M.P.A., is the second professor of the practice and
Founding Director of the Innovation+Design Enabling Access (IDEA) Initia-
tive at the Johns Hopkins Bloomberg School of Public Health. The IDEA
Initiative fosters innovation and design of new technologies for greater
health access and impact. As Director of the Strategic Policy Program of
ReAct—Action on Antibiotic Resistance, he works with a global network
dedicated to meeting the challenge of antimicrobial resistance, and his
program serves as the Secretariat to the Antibiotic Resistance Coalition.

He served as one of the Co-Conveners of the UN Interagency Coordi-
nation Group on Antimicrobial Resistance that delivered recommendations
to the UN Secretary General in 2019. Most recently, he was Co-Chair of the
Technical Working Group aligning pharmaceutical innovation incentives to
achieve fair pricing for the 2021 WHO Fair Pricing Forum and currently is
a member of the Technical Advisory Group of WHO’s COVID-19 Technol-
ogy Access Pool. He also has served as a member of the Antibiotic Resis-
tance Working Group of the U.S. President’s Council of Advisors in Science
and Technology and as part of the WHO expert Technical Consultation on
In Vitro Diagnostics for Antimicrobial Resistance.

His research and policy work on collaborative R&D models and incen-
tives for innovation has received support under a Robert Wood Johnson
Investigator Award in Health Policy Research.

He contributed to the Lancet Infectious Diseases Commission on Anti-
biotic Resistance, co-edited the Chatham House’s Working Group’s report,
Towards a New Global Business Model for Antibiotics: Delinking Revenues
from Sales, and co-authored “A Framework for Costing the Lowering of
Antimicrobial Use in Food Animal Production” for the UK Review on Anti-
microbial Resistance.

SusaN Van MEeTer was named ACLA President in March 2022. She pre-
viously served as Executive Director of AdvaMedDx where she directed

PREPUBLICATION COPY—Uncorrected Proofs

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/27008

Accelerating the Development and Uptake of Rapid Diagnostics to Address Antibiotic Resistance: Proceedings ...

126 DEVELOPMENT AND UPTAKE OF RAPID DIAGNOSTICS

the policy, advocacy, communications, regulatory, payment and legislative
strategy and operations of the association, which represents manufacturers
of in vitro diagnostic (IVD) clinical tests in the U.S. and abroad. In this
role, she also developed the association’s robust response to the COVID-19
pandemic and ongoing advocacy efforts. Prior to her role at AdvaMedDx,
Van Meter served as the Senior Vice President of Federal Relations at
the Healthcare Association of New York State (HANYS), where she was
responsible for developing their priorities and strategies to further the
interests of their hospital and health system members. She also previously
worked in the Centers for Medicare & Medicaid Services’ (CMS) Office
of Legislation. Van Meter holds undergraduate and graduate degrees from
Villanova University and Boston University, respectively.

CRAIG WHITEFORD, M.S., PH.D., leads a diverse set of R&D Scientists for BD
Integrated Diagnostic Solutions (IDS), who have developed diagnostic tests
for blood stream infections, Tuberculosis (ID/DST), bacterial identification
& antibiotic susceptibility, enteric diseases, respiratory diseases, sexually
transmitted infections, and oncology. Over the past 18 years, Dr. Whiteford
has held both R&D and Project Management roles, from which he has
driven WW product development from ideation to the launch for the BD
MAX Molecular platform as well as various phenotypic platforms inclusive
of the BACTEC, MGIT, Phoenix, Phoenix AP as well as Kiestra laboratory
automation system, which consist of robotics and artificial intelligence (AI)-
driven software that is transforming the way clinical laboratories operate.
With his keen interest in infection diseases, he has also led several Tech-
nology Sensing and Development Teams. Successfully serving BD in many
different roles, his Teams have developed more than a dozen IVD devices.
Working closely with Regulatory Affairs, Medical/Clinical Affairs, and
Quality Affairs to develop strategies for clinical trials as well as regulatory
bodies’ submission (FDA, China, Japan, ANVISA, CE regulations). Before
coming to BD, he worked as a Lab Manager for a Pediatric oncology lab
at the National Cancer institute within the National Institutes of Health,
researching, developing, and deploying one of the largest Microarray tech-
nologies and research efforts at the National Institutes of Health.

Dr. Whiteford holds a Bachelor of Science in Biology & Microbiology,
Master of Science, and a Ph.D. in Microbiology from Kansas State
University.
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