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ANTIBIOTIC RESISTANCE

Kunal J. Rambhia and Gigi Kwik Gronvall

Antibioric resistance poses serious challenges to health and narional security, and policy changes will be required to mitigate
the consequences of antibioric resistance. Resistance can arise in disease-causing bacteria narurally, ar it can be deliberately
introduced to a biclogical weapon. In either case, life-saving drugs are rendered ineffective. Resistant bacterial infections are
difficult to treat, and there are few new anribiotics in the drug development pipeline. This arcicle describes how antibioric

resistance affects health and national security, how bacteria become antibiotic resistant, and what should be done now so

antibiotics will be available to save lives in the future.

ANTIBIOTIC RESISTANCE: A PROBLEM
rorR HEALTH AND NaTioNnaL SEcuriTy

OR BECADES, ANTIBIOTICS have been cheap, effective
drugs that kill disease-causing bacteria. A diagnosis of
plague or tuberculosis used to be a virtual deach sentence; ac
the least, these diseases required long convalescences. With
the advent of antibiotic therapy in the 1940s, however, they
became survivable iflnesses. Those days are rapidly ending.
Many common disease-causing bacreria have become an-
tibiotic resistant, so antibiorics havelictlc or no effeet. Paticnts
muay cake the drugs, but the bacteria continue to divide and
proliferate, with life-threatening consequences. For exam-
pie, in 1999, faralicies in New York City were found to be
2.5 times higher for medhicillin-resistant Seaplyplococcus
anrens (MRSA) than for regular (methicillin susceptible)
Staphylococcus aureus." Even when patients survive the in-
fections, chere are increased costs because of the expensive
trearments and longer hospical stays that are required.’

Few New Antibiotics in the Pipeline

A clear medical need for more treatment options has nor,
unforcunasely, spurred the development of new antibiotics.
The profit margin for ancibiotics can be 10 times less than
for drugs to treat chronic diseases: antibiotics are typicatly
taken for a week or 2, but treatments for chronic diseases
may be taken every day for the rest of a person’s life, ™!
Antibiotics are near the cutoff for whae pharmaceutical
companies calculate o be the minimum profit of a drug,
which is used to determine whether or noc to develop a prod-
uct.’ The problem of antibiotic resistance makes that slim
profit margin even more uncertain. The process of devel-
oping an antibiotic and getting FDA approval costs ap-
proximasely 3500 o $800 million; few pharmaceutical
companies would invest those millions on drugs that can
quickly become useless.®

As a resule, fewer antibiotics are being developed than
ever before. Benween 1940 and 1970, 10 classes of antibi-
otics were identified. A “class” of antibiotics is defined by
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how it works or the type of bacteria it kills. In the years chat  Resistanice to Antibiotics Occurs

followed and up uncil the lace 1990s, only derivatives of
those 10 classes were developed, and no new classes were t/)rougb Several Patbway g

identified.” Berween 1998 and 2004, only 2 antibiotics with
a novel mechanism were approved by the FDA.® Many
large pharmaceutical companics have left the business of
making antibiotics altogether. As recently as 2004, only
1.6% of drugs in development ar the 13 largest pharma-
ceutical companics in the world were antibiotics, and none
of them were new classes of antibiotics.”

*» Mutation: Bacteria are single-cell asexual organisms, and
they reproduce by creating exacr copies of cthemselves.
However, this copying process is not perfect, and mu-
tations occur. Small pieces of bacterial DNA may be
added, deleted, repeated, or shifted. These changes are
often lechal o the bacteria, or produce no effect atall, bur
a small number of these mutarions may confer anribioric
resistance to the bacteria.

* Genetic transfer of resistance from one bacterium to

How BAcTERIA BECOME RESISTANT another: Bacteria frequently exchange DNA. For exam-
To ANTIBIOTICS ple, 80% of the DNA of some Enterococaus species, a

common food contaminant, is variable, meaning it is
Antibiotics generally work in 2 ways. Some ancibiotics canstancly changing and acquiring new genes from other
prevent bacrteria from reproducing and growing—these are bacteria. Some bacteria are naturally resistant to a num-
called dacteriostatic. This interrupcion in bacterial growth ber of ancibiotics, while others may have previously ac-
gives a person’s immune system time to rargee and fighe che quired resistance by random mutacion. In a process called
bacteria, withour being overwhelmed.” Other types of an-  gene transfer (see Figure 1), one type of bacterium can
tibiotics kill bacteria directly by interrupting a function that ~ acquire small pieces of DNA from bacteria of another
is critical to their survival. Regardless of how they work, type. Similar to mucarion, mast of the time these gene
some antibiotics are effective against only cermain types of  rransfers are lethal o bacteria or produce no effect.
bacteria, while others trget a wide mnge; these are said to FHowever, this is the most common way that bacteria
be “broad spectrum™ antibiotics. acquire antbiotic resistance.
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Figure 1. Gene Transfer

1. Gene transfer is 2 main rowe for acquiring resistaince for bacieria in nature, In nature, there are several differene ways thae
bacteria can share DNA. Some bacteria are naturally cesistant 1o antibiotics or have previously acquired a tesistant gene. These
bacteria can share their resistant traits. In the upper half of this Agure, a gene that causes antibiotic resistance is copied directly
from anc bacterial cell to another.

2, Many of the genes char cause resistance are known, Some are stored in the labortory. Scientists often use these genes 10 creare
resistane bacteria to aid laboratory experiments. As shown in the lower half of this figure, a scientist in a lab can introduce a gene
known 1o cause resistance to bacteria, Any bacteria that obrain this gene can withstand antibiotic ereatment and will reproduce and
gmw.

3. The final product of both processes is bacteria that arc resistant to antibiotic treatment. In the laboratory, resistant bacteria are
commonly uscd for legitimare scieniific research, Hawever, these same techniques can be used 1o create biological weapons thar are
resistant 1o the antibiotics we have to counter them.
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effectiveness of medically important ancibiotics used in the
treatment of human and animal diseases by reviewing the
safety of certin antibiotics for nontherapeutic purpeses in
food-producing animals.”** This bill, titled the Preserva-
tion of Ancibiotics for Medical Treatment Act of 2009, was
also introduced in the Senace (5. 619). This legislation
could be an imporrant first step in peeserving the remaining
uscful ancibiorics.

Following a July 13, 2009, hearing in the U.S. House of
Representatives Committee on Rules on HL.R. 1549, Re-
presentative Slaughter wrote a letter to the U.S, Govern-
ment Accountabilicy Office (GAQ) requesting a review of
federal efforts o track and monitor antibiotic resistance and
calling for an assessment of progress to mitigate the human
health impact of antibiotic resistance.™ On October 7,
Representative Slaughter addressed the House of Re-
presentatives to urge support of this legislation, and on
Ocrober 8, she wrote a letter to the President encouraging
him to support the ban on nontherapeuric antibiotics in
livestock production.***®

Dr. Joshua Sharfscein, Principal Deputy Commissioner
of Food and Drugs at the FDA, supported cthe elimination
of nontherapeutic use of antibiotics in agriculeure in his
testimony before the House Committee on Rules. He also
indicated that the U.S. Interagency Task Force on Andi-
microbial Resistance would be releasing a revised Public
Health Action Plan to Combat Antimicrobial Resistance in
late 2009, This revised Action Plan will replace a 2001
Action Plan, which established 4 areas of focus for com-
bating ancimicrobial resistance: surveillance, prevention
and control, research, and product development. Federal
partners in this plan include the FDA, the Centers for
Disease Controf and Prevention (CDC), the Nadona! In-
stitutes of Health (NIH), the Agency for Health Research
and Qualicy (AHRQ), the Centers for Medicare and
Medicaid Services (CMS), the Health Resources and Ser-
vices Agency (HRSA), the U.S. Department of Agriculture
(USDA), the Department of Defense (DoD), the Depart-
ment of Veterans Affairs (VA), the Environmental Pro-
tection  Agency (EPA), and the US. Agency for
International Development (USAID).Y

ConcLrusion: More ANnTiBioTiCS NEED
To BE DEVELOPED

Unfortunately, although reducing the use of ancibiotics can
delay resistance, it cannot prevent it. Once resistance has
taken hold, stopping the use of an ancibiotic does nor
necessarily cause the bacteria to revert to a treatable form.”
Stopping the usc of antibiotics is also difficult in practice:
while many bacterial infections may resolve themselves
withour treacment, it is unlikely thac physicians will
not prescribe them if they chink ic would cure their
parients.®
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This makes the development of new antibiotics cricical ro
being able to continue to fight infections.” The long-term
strategy should be to develop new classes of antibiotics
that are effective against a wide range of bacteria—
so-called broad spectrum antibiotics—as well as ancibi-
otics that are less susceptible to resistance. As part of ¢his
effore, it will be important to learn more about how
antibiotic resistance develops. Studies have shown thae
bacteria develop resistance to some drugs faster than
others.'" Understanding why this occurs may lead to the
development of new antibioties that are less prone to
resistance.
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