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EXECUTIVE SUMMARY

Antimicrobial resistance (AMR) poses an escalat-
ing threat to the United States, with particularly
severe implications for rural communities. While
AMR, which refers to bacteria, fungus, and other
pathogens that have evolved to be able to with-
stand current therapies including antibiotics,
harms patients and undermines effective health
care nationwide, rural Americans face unique
structural, workforce, and environmental vulner-
abilities that heighten both exposure and risk.

Rural health care systems already contend with
acute shortages of infectious disease specialists,
primary care providers, laboratory staff, and
pharmacists. Nearly 80% of U.S. counties lack an
infectious disease physician, and two-thirds of
federally designated primary care shortage areas
are rural. These deficits may hinder accurate
diagnosis, timely treatment, and implementation
of antibiotic stewardship practices—key defenses
against AMR.

Nearly 80% of U.S.
counties lack an
infectious disease

physician, and two-

thirds of federally
designated primary care
shortage areas are rural.

The challenges are compounded by reliance on
older, broad-spectrum antibiotics due to cost
pressures, limited diagnostics, and lack of exper-
tise. Rural children are disproportionately pre-
scribed antibiotics, often inappropriately, while
rural mothers face heightened infection risks
during pregnancy and delivery amid declining
obstetric services.

Occupational and environmental factors add
further exposure. Agricultural practices, partic-
ularly the use of antibiotics in livestock produc-
tion, contribute to the development of resistant
pathogens that spread to farm workers, families,
and surrounding communities. Rural residents
are also vulnerable to hard-to-treat fungal infec-
tions linked to environmental exposures.

Despite the growing risk of AMR, innovation in
antimicrobial drug and diagnostic development
is woefully inadequate. The global pipeline for
new antibiotics and antifungals is sparse, with
few truly novel candidates and limited progress
in rapid diagnostics—leaving clinicians reliant
on aging therapies that are becoming
increasingly ineffective.

The following white paper highlights real-world
examples of what physicians, patients, and resi-
dents are up against in rural America and draws
on a wide range of research to better understand
the challenges AMR pose to rural health care.

Without sustained attention and investment,
AMR will further erode the already fragile health
infrastructure of rural America, with potentially
profound consequences for hospitals, families,
and local economies.



INTRODUCTION

In the winter of 2025, Dr. Christina Yen of Maine
Medical Center met with a woman who had a
type of blood cancer and was suffering from pain
in her right knee. Yen is an infectious disease
specialist but often works with cancer patients,
as they are at an increased risk of developing
life-threatening bacterial and fungal infections.

After Yen spoke with the patient and reviewed
available medical records, she determined that
the woman was likely suffering from an invasive
fungal infection.” Of concern was that the patient
had been prescribed a prophylactic antifungal

as part of her cancer care that she took sporad-
ically, increasing the likelihood that the infection
had become resistant to first-line therapies. Also
of concern was that the lab work required to get
a definitive diagnosis would take up to 10 days,
time that Yen did not want to waste for fear that
the infection would worsen.

The patient had made it clear to Yen that she
wanted to return home and not stay in the hospi-
tal for treatment. Hoping to honor this request,
Yen suggested that the patient receive a Periph-
erally Inserted Central Catheter, more commonly
known as a PICC line. PICC lines are typically
inserted into a vein near the arm and enable
medications to be delivered over an extended
period, for weeks or sometimes even months.
The patient nodded along in agreement with the
strategy until Yen told her that she would not be
able to lift anything over 5 pounds while the PICC
line was in place.

“That’s a no-go for me,” the woman said, catch-
ing Yen off guard. “I live in a cabin and my only
source of heat is a wood burning stove, and my
ax is definitely heavier than 5 pounds. So, I’'m
either going to freeze to death or die from

this infection.”
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Maine is one of the most rural states in the U.S.
And while Maine Medical Center is based in
Portland, it is a safety net hospital that serves
patients from across the entire state, including
deeply rural pockets where there are few physi-
cians and limited health care infrastructure.

As Yen’s story illustrates, patients in rural set-
tings and the clinicians who care for them face
distinct challenges when it comes to treating
infections. Those challenges are becoming
increasingly complex due to the rapid rise of anti-
microbial resistance (AMR). AMR refers to when
bacteria, fungus, and other pathogens evolve

to be able withstand the medications we use to
fight them, most notably antibiotics. The infec-
tions these resistant pathogens cause cannot be
treated with first-line antibiotics or antifungals;
for some highly resistant infections, no effective
treatments exist. AMR is a threat to all patients,
and it is especially concerning for those in

rural areas.

“AMR tends to really fester where there are
cracks or weaknesses in our institutional struc-
tures, and the places in our society where we
either lack resources or lack the ability to take
care of our most vulnerable,” Yen said.

Rural health care in the United States is under
enormous strain. Workforce shortages, cost
pressures, geographic barriers, and hospital

and laboratory closures are among the factors
that limit rural Americans’ access to high-quality
care. According to data from the United States
Department of Agriculture’s Economic Research
Service,? urban areas have recorded declines in
disease-related mortality rates for all age groups
in the last 20 years while rural areas have seen
increases in disease-related mortality rates for
certain age groups, including 25-54-year-olds,
the prime working-age population. As the report
noted, this is potential indicator of “worsening
population health, which could have negative
implications for rural families, communities,
employment, and the economy.”




AMR could make matters much worse. Access to
effective antibiotics, antifungals, and other anti-
microbial drugs is essential to ensuring the health
of everyone, including rural populations. Physi-
cians rely on antibiotics to cure a wide range of
infections from minor earaches and strep throat
to life-threatening cases of sepsis and gangrene.
Antibiotics also enable patients to receive chemo-
therapy, hip and knee replacements, organ trans-
plants, and dozens of other procedures.

However, the emergence of AMR is eroding the
effectiveness of our available antibiotics and
undermining modern medicine as we know it.
AMR is adversely impacting the health of Ameri-
cans every day and driving up health care costs.
The U.S. Centers for Disease Control and Pre-
vention (CDC) reports that more than 2.8 million
drug-resistant infections occur each year in the
U.S., causing more than 30,000 deaths and adding
$4.6 billion® in national healthcare costs.

Each year in the U.S.
antibiotic-resistant infections
are responsible for:

infections

>$4.6

hfand in healthcare costs

>30

THOUSAND

deaths

Given the baseline disadvantages rural Americans
face in terms of accessing high-quality health
care and the unique environmental risks asso-
ciated with rurality, it is likely they will become
increasingly prone to drug-resistant infections.




HEALTHCARE
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One overarching challenge is that rural health
care in the U.S. suffers from an acute shortage of
infectious disease (ID) specialists. Nearly 80% of
counties in the U.S. do not have an ID physician
and a recent analysis showed that only 32% of
individuals in rural America live within 20 kilome-
ters from their nearest provider compared with
88% in urban counties.*

ID specialists play a critical role in treating and
managing drug-resistant infections, with studies
demonstrating that patients with Methicillin-re-
sistant Staphylococcus aureus (MRSA) and other
infections who consult with an ID specialist have
better outcomes.®

WORKFORCE SHORTAGES

Workforce shortages extend well beyond the
field of ID specialists. According to data from the
Department of Health and Human Services, more
than 65% of all primary care health professional
shortage areas are in rural America.

Rural hospitals also struggle with shortages of
laboratory staff and specialty pharmacists,

which can impede the timely diagnosis and
proper treatment of infections, fostering condi-
tions in which AMR can flourish. Fewer specialists
can also make it more difficult for hospitals to
adhere to guidelines and policies intended to
slow the spread of AMR, including antibiotic
stewardship efforts.
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Map of mean distance from each census block to an infectious disease physician.
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Studies show that small and rural hospital have
difficulty following antibiotic stewardship prin-
ciples — that is, matching drugs and dosages

to the diagnosed infection, rather than risking
resistance by prescribing an antibiotic that is
overly broad in coverage or taken for longer than
the infection demands. Antibiotic stewardship is
widely regarded as one of the most important
defenses against the spread of AMR, both within
hospital settings and within communities.

Physicians in rural
areas are more likely
to be generalists, and

thus less familiar with
the newest treatment
guidelines.

There are numerous reasons why rural hospitals
may struggle with antibiotic stewardship. They
may lack their own lab services and providers
may be inclined to prescribe older broad-spec-
trum drugs while they wait for tests to be pro-
cessed in external laboratories. Rural providers
could also favor older, inexpensive broad-spec-
trum antibiotics because, being less expensive,
their use allows rural hospitals to spread fed-
eral reimbursement funds across an array of
expenses. Or it may simply be that physicians

in rural areas are more likely to be generalists,
and thus less familiar with the newest infectious
disease treatment guidelines.

The conditions and cost pressures of rural
practice are additional factors that make it less
likely that patients will be prescribed newer
antimicrobials.” This is due in part to the fact
that academic centers tend to have more access
to innovation across the board, irrespective of
therapeutic area or disease states, and those
academic centers tend to be clustered in

urban areas.




PEDIATRIC
PROBLEMS
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Children often become sick with bacterial infec-
tions and are among the highest users of anti-
biotics. Ensuring that children are receiving the
right antibiotic at the right dosage and frequency
is essential, but difficult in practice, especially in
rural settings.

A study in Tennessee, where more than half

of the counties are considered rural,? found in
2020 that pediatricians practicing in rural areas
tended to prescribe antibiotics to children more
frequently than urban ones did.® And a separate
study a year later also found that children in rural
areas in Tennessee were specifically more likely
to be prescribed antibiotics inappropriately, cre-
ating the conditions for antibiotic-resistant bac-
teria to emerge.’ In that second study, done by
researchers at Vanderbilt University, the authors
hypothesized that living in a rural area might be
associated with lower income, less healthcare
access, and more severe chronic illness.

Researchers across the border in Kentucky,
which has the second-highest rate of pediatric
antibiotic prescribing in the U.S. and more than
half of its children living in rural areas, yielded
similar findings." Rural children had consistently
higher rates of antibiotic prescriptions, receiv-
ing up to three courses of antibiotics per year.
That study specifically noted that patients who
were female, less than 2 years old, White, and
living in a rural area had consistently higher
rates of antibiotic prescriptions.

Similar patterns appeared in a 2024 analysis

of antibiotic prescriptions written for children
covered by Medicaid in North Carolina,'? a state
where 80 out of 100 counties classify as rural.
In that study, White children living in rural areas
had the highest rates of antibiotic prescriptions
overall while Black children were more likely to
receive inappropriate prescriptions that could
not effect a cure.

Pediatricians
practicing in rural
areas tended to

prescribe to children
more frequently
than urban ones did

Receiving the wrong antibiotics is an inherent
risk of being in a rural location, according to Dr.
Ganga Moorthy, an assistant professor of pedi-
atrics at the Duke University School of Medicine
and first author of that research, who studies
antibiotic utilization in the U.S. and in East Africa.

“In rural areas, there are far fewer pediatricians,”
Dr. Moorthy said.” “Children are being taken
care of by general practitioners, by adult physi-
cians, by advanced practice personnel such as
nurse practitioners or physician assistants, and
all of those non-pediatricians are more likely to
prescribe an inappropriate antimicrobial.



ARISKTO
MOTHERS

Mothers—expectant, birthing, and postpar-
tum—are likewise significantly disadvantaged in
rural settings and may be at an increased risk of
antibiotic-resistant infections. According to the
National Advisory Committee on Rural Health
and Human Services, women in rural settings
had a nine percent greater probability of severe
maternal morbidity and mortality, compared with
urban residents.’ The same report noted that
CDC Pregnancy Mortality Surveillance System
data showed infection, including sepsis, is a lead-
ing cause of maternal mortality.

Mothers face myriad infectious risks throughout
pregnancy and delivery. Kidney and urinary tract
infections (UTls) are common complications
during pregnancy, and mothers and their unborn
children are also at risk of chorioamnionitis, a
bacterial infection that can affect the placenta
and amniotic fluid, and endometritis, which
inflames the tissue lining the uterus. Both chorio-
amnionitis and endometritis are associated with
an increased risk of postpartum hemorrhage, a
leading cause of maternal deaths.

Beyond treating these infections, antibiotics play a
role in safeguarding mothers who are delivering
their children via cesarean sections. The
American College of Obstetricians and
Gynecologists recommends prophylactically
administering an antibiotic to nearly everyone
undergoing a cesarean section to minimize the
risk of surgical site infections.’ While this is good
practice, it may contribute to the development
of antibiotic-resistant bacteria on an individual
level and raises concerns pertaining to

antibiotic stewardship.
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The challenges mothers face are likely to get
worse because, unfortunately, many of the over-
arching obstacles associated with rural care are
amplified when it comes to labor and delivery,
especially workforce shortages. Just like there
is a shortage of infectious disease specialists in
rural America, there is also a severe shortage of
obstetric care providers in rural counties. Rural
hospital closures have exacerbated the shortage
of specialists, according to the National Rural
Health Association, which noted in a recent
report that 56% of rural counties are without
access to obstetric care.

AMR complexifies other aspects of women’s
health outside of pregnancy, including the treat-
ment and management of UTls. Women have a
lifetime risk of 53% of experiencing UTI and the
risk increases with age.'® Cases of, and hospital-
izations for, complicated UTI (cUTI) are on the
rise; one study used data from nearly 150,000
patients in a large California health system and
found that 57% of UTIs were caused by bacteria
resistant to at least one antibiotic class, while
13% were resistant to three or more classes.’” In
rural settings, women may face numerous chal-
lenges associated with accessing timely care for
UTIs, which could increase the likelihood that it
leads to more complicated infections, bactere-
mia, or life-threatening sepsis.




OCCUPATIONAL AND

COMMUNITY RISKS

Rural areas also are places where farmers
and other agricultural workers are likely to
be exposed occupationally to antibiotics and
antifungal compounds and placed at risk of
devel-oping resistant infections as a result.

In projects running for more than a decade,
environmental-health researchers at the Johns
Hopkins Bloomberg School of Public Health

have demonstrated that routine antibiotic use in
chicken and hog production, intended to protect
animals against diseases of crowding, contributes
to the emergence of antibiotic-resistant bacteria
in the animals and on farm properties.

One type of resistant bacteria, a strain of MRSA
with a genetic signature that distinguishes it from
both the hospital-associated and the communi-
ty-onset variety, lurks in manure dust on farms,
which is breathed in by farmworkers and settles
on their clothing.’® Repeat studies have shown
that the bacteria linger in farmworkers’ nasal
passages and pass to their children and house-
hold members, and that farmworkers have higher
rates of MRSA skin infections.’ Slaughterhouse
workers are also at risk if they accidentally cut
themselves with contaminated knives or breathe
in mist from high-pressure hoses used to clean
areas in processing plants.
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These risks can extend to the residents of the
surrounding communities. Studies have shown
that people in rural communities who live close
to large-scale livestock operations are more likely
to carry antibiotic-resistant bacteria traceable to
farms even if they do not work there, and that
members of communities where swine manure

is applied on fields are at higher risk of

MRSA infection.??

“The whole construct of exposure is quite com-
plex, and it doesn’t necessarily follow a bull’s-eye
distribution,” explained Meghan Davis, an associ-
ate professor of environmental health and engi-
neering at the Bloomberg school and co-author
on multiple papers.?’ “It’s going to be based on
prevailing winds, weather patterns, time of year.”

There are additional environmental factors
contributing to the spread of AMR among rural
residents that have nothing to do with farms. In
California, for instance, coccidioidomycosis, or
Valley fever — an environmental pathogen that
poses a hard-to-treat infection risk when dry
soil is stirred up by winds — has infected film
crews on location?? and laborers installing
solar panels.?®

Other fungi endemic to different parts of the
United States have been pinpointed as risks for
wildland firefighters, forestry personnel, paper-
mill operators, landscapers and construction
workers. A 2022 analysis of hospital discharge
data found that incidence of fungal infections is
closely linked to socioeconomic factors as well as
environmental exposures.?*



LIMITED
INNOVATION

Despite the growing burden of AMR in the U.S.
and globally, investment into antibiotic and
antifungal R&D is lagging and the pipeline of new
antibiotics and antifungals is insufficient for the
problem at hand. Globally, only 32 antibiotics

are in development to address priority bacterial
pathogens identified by the U.S. CDC and the
World Health Organization (WHO).?* In a recent
assessment, the WHO noted that, “Not only are
there too few antibacterials in the pipeline, given
how long is needed for R&D and the likelihood of
failure, there is also not enough innovation.”?¢ Of
the 32 antibiotics currently in development, only
12 can be considered innovative, and most of
those candidates will fail in clinical testing.

Not only are there too
few antibacterials in
the pipeline, given
how long is needed

for R&D and the
likelihood of failure,

there is also not
enough innovation

Antifungal R&D is not faring any better. Only
four new antifungals were approved during the
last 10 years, according to the WHO, and only
nine agents are currently in clinical development
against priority fungal pathogens.?”

Further complicating matters is the lack of rapid
diagnostics and drug susceptibility testing. In

the absence of a definitive diagnosis and without
clear information on what antibiotic or antifungal
will be effective, physicians are forced to treat
empirically, relying on old broad-spectrum ther-
apies that can be associated with numerous side
effects. The persistent use of broad-spectrum
therapies also breeds resistance among patients.

As AMR evolves and spreads, particularly in
rural settings, clinicians will need access to more
targeted therapies and rapid diagnostics. This
will not only improve outcomes among patients,
but it will also enable clinical teams to be better
stewards of these important medicines.




CONCLUSION
AND RECOMMENDATIONS

Rural Americans face distinct challenges when it comes to treating infections and AMR is exacerbating
these challenges. A confluence of factors, including workforce shortages, social and occupational risks
among residents, and a lack of innovative antibiotics in development could accelerate the spread of

AMR in rural settings.

Rural health systems are poorly prepared to respond to this growing crisis, but there are steps to be

taken that can better equip clinicians and patients to address AMR.

They include:

Support incentives and policies that enhance recruiting

efforts aimed at attracting and retaining infectious disease

specialists and pediatricians to work in rural settings.

Enhance support for antimicrobial stewardship
programs in rural settings to ensure appropriate
use of existing therapies.

Improve access to and uptake of new
antibiotics and diagnostics in rural settings.

Strengthen the antimicrobial pipeline through policies
that encourage private investment and reward the
successful development of innovative antimicrobials.

Increase public awareness of AMR,
especially among at-risk occupations
such as farm workers.
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