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For more than half a century, antibiotic drugs have ensured that potentially life-
threatening bacterial infections are treatable. Today, however, more and more bac-
terial infections fail to respond to antibiotic treatment. A federal task force recently
warned that antibiotic resistance is “a growing menace to all people” and con-
cluded that if nothing is done, treatments for common infections will become
“increasingly limited and expensive—and, in some cases, nonexistent.” Antibiotic
resistance poses a threat to everyone, but several groups are especially vulnerable:
children, seniors, and persons with certain medical conditions. This report focuses
on the threat of antibiotic resistance to these groups.

Even careful use of antibiotics can result in the emergence of antibiotic-resistant
bacteria. Widespread and inappropriate use greatly accelerates this process. The
more bacteria are exposed to antibiotics, the more resistant they become. Because
bacteria reproduce rapidly, these antibiotic-resistant bacteria can spread efficiently.
Unlike higher organisms, bacteria can transfer DNA to other bacteria that are not
their offspring, and even to members of completely unrelated bacterial species. In
effect, bacteria can teach one another how to outwit antibiotics.

Antibiotic resistance carries a significant economic toll as well. The congres-
sional Office of Technology Assessment calculated that resistance by just six types
of bacteria increased hospital treatment costs by $1.3 billion as of 1995. Few new
drugs are now in the pipeline, and any new antibiotics will be considerably more
expensive than existing ones; indeed, by some estimates, the research and devel-
opment costs for a new drug top $800 million.

Although the misuse of antibiotics in human medicine has been well publi-
cized, less attention has been paid to the serious overuse of antibiotics in agricul-
ture. One estimate is that 80 percent of all antibiotics sold in the United States is
used in livestock production, with the lion’s share—roughly 70 percent of the
total—fed to healthy farm animals to promote growth and prevent diseases that
would otherwise result from the unsanitary conditions found in overcrowded agri-
cultural facilities. Those antibiotics include many that are identical or closely
related to drugs used in treating humans.

Because of the growing health crisis of antibiotic resistance, which could render
these “wonder drugs” useless in treating infections, the American Medical Association
now opposes the routine feeding of antibiotics to healthy farm animals. The Amer-
ican College of Preventive Medicine, the American Public Health Association, and
the World Health Organization have taken similar positions. A National Academy
of Sciences report estimates that eliminating such uses in poultry, cow, and swine
production would cost U.S. consumers only about $5 to $10 per person annually.

Children are one group that would be particularly affected if antibiotic resistance
continues to worsen. The availability of effective antibiotics has helped decrease
infant mortality in the United States from about 20 percent in the late 19th cen-
tury to under 1 percent in 1998. Despite this triumph, children continue to develop
many non-fatal bacterial infections that require treatment with antibiotics. Chil-
dren are more vulnerable than adults to bacterial illness, and this is reflected in
their higher disease rates. Infants under the age of one, for example, are 10 times
more likely than adults to contract a Salmonella infection.

Executive summary
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The risk of bacterial infection is higher for infants and children, and treat-
ment options are more limited, for several reasons. First, their immune systems
are not fully developed and they have not yet acquired the full range of antibodies
required to ward off infection. Second, children tend to be exposed to more
pathogens through day-to-day activities such as childcare. Finally, many thera-
peutic medications have not been approved for use in children, in part because
metabolic differences between children and adults can make use of certain drugs
impractical or unsafe for children. For example, because tetracycline binds to
immature calcium structures, it permanently disfigures enamel in teeth. Similarly,
animal studies have shown that fluoroquinolones, a powerful class of drugs used
to treat serious infections, can damage immature cartilage in bones and joints. As
antibiotic resistance further depletes the number of effective drugs available,
infants and children will have even fewer treatment options.

Senior citizens—people aged 65 and older—represent another group that is
particularly at risk from antibiotic resistance. The fastest growing demographic
group in the United States, seniors as a whole are more prosperous, more active,
and healthier than ever before. Ironically, these factors allow many seniors to
engage in activities such as travel and volunteer work that can increase their expo-
sure to infectious agents. At the same time, seniors who enjoy less-robust health
are likely to be hospitalized, or to reside in long-term care facilities. In these set-
tings, they are especially at risk of encountering infection-causing bacteria in gen-
eral, and antibiotic-resistant bacteria specifically. Residents of long-term care
facilities are very dependent on antibiotics; indeed, approximately 40 percent of all
prescription drugs dispensed in nursing homes are antibiotics.

Among seniors in the United States, death rates from heart disease and stroke
have fallen in recent years. But deaths from infections continue to rise—and now
account for nearly a third of deaths among people 65 and older. As people age,
they develop debilitating conditions that reduce their ability to fight infection. An
array of physiological changes, some of which impair immune-system function,
further increase their susceptibility to infection. In addition, seniors are more
sensitive to side effects of medications, further limiting antibiotic options.
Unfortunately, as Americans age, so do our antibiotics. As noted above, new
antibiotics will be considerably more expensive than existing ones. For a senior
on a fixed income, developing a drug-resistant infection that can only be treated
with a newer, more-expensive antibiotic can pose a serious financial hardship.

People with weakened immune systems, such as cancer patients undergoing
chemotherapy or radiation treatment, transplant patients, and HIV/AIDS patients,
make up a third group addressed in this report. Because their immune systems are
less vigorous than those of healthy adults, these people are more vulnerable to
infections and therefore more heavily dependent on effective antibiotics. Anti-
biotics have revolutionized cancer treatment by enabling the use of more aggres-
sive therapies. This has led to dramatically higher survival rates. One of every two
men and one of three women in the United States is expected to develop cancer
during their lifetimes. Also discussed in this section are people with diabetes, a
category that now includes 16 million Americans. Although diabetics are not
necessarily more prone to infection than are members of the general population,
the infections they do acquire tend to be more serious and harder to treat. For all
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of these medically vulnerable groups—and for society as a whole—the loss of
effective antibiotics would have immense ramifications.

The Centers for Disease Control and Prevention has observed that “decreas-
ing inappropriate antibiotic use is the best way to control resistance.” Achieving
this goal will require leadership by business, government, and individuals.

This report lays out a clear agenda for ending the inappropriate use of anti-
biotics in agriculture. Key steps include the following:

1. Congress or the U.S. Food and Drug Administration (FDA) must phase out
the routine feeding of medically important antibiotics to healthy livestock and
poultry and other inappropriate use of vital antibiotics in agriculture;

2. Producers and marketers of meat and poultry should voluntarily agree to stop
selling or buying meat produced with routine feeding of antibiotics to healthy
animals, and pharmaceutical companies should stop producing antibiotics for
such use in animals; and

3. Congress or FDA should require the submission of accurate data on the quan-
tities of antibiotics produced for use in human medicine and animal agricul-
ture. These data must then be made available to the public.

In addition, every American can—and should—act on his or her own. We
should urge policymakers and companies to take the above steps. We should listen
to our doctors to make sure that we take antibiotics only when appropriate and
not for viral infections such as colds or the flu, and we should take the entire
course. When we shop or go to a restaurant, we should select meat that has been
produced without the inappropriate use of antibiotics.

Unless we act now, we face a future of untreatable bacterial infections. Children,
seniors, and those with weaker immune systems will be the first to pay the price
with their health—or even their lives.
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Introduction
For the past sixty years, antibiotic drugs have turned bacterial infections into treat-
able conditions rather than the life-threatening scourges they once were. Today,
however, the effectiveness of many antibiotics is waning dramatically, as more and
more types of bacteria become resistant to them. According to a federal task force,
antibiotic resistance is “a growing menace to all people,” and if current trends con-
tinue, treatments for common infections “will become increasingly limited and
expensive—and, in some cases, nonexistent.”1

While antibiotic resistance poses a threat to everyone, some groups will be
especially hard hit if resistance continues to worsen. At greatest risk are children,
seniors, and those with medical conditions that impair their ability to fight dis-
ease or make them especially susceptible to bacterial infections. This report focuses
on the particular danger of antibiotic resistance to these at-risk groups. Chapter 1
presents an overview of the antibiotic resistance problem. Chapters 2, 3 and 4
respectively explore the particular vulnerabilities of children, seniors, and those
with certain medical conditions. Finally, Chapter 5 describes how antibiotics are
used—and overused—and sets forth brief recommendations for action.

The growing problem of antibiotic resistance
No single statistic can illustrate the overall problem of resistance, but disturbing
trends abound for numerous “drug/bug” combinations. Resistance is generally
expressed as the susceptibility of a particular type of bacteria (“bug”) to one or
more antibiotics; bacteria can develop resistance to one type of drug while remain-
ing susceptible to others, just as a particular drug may lose its effectiveness against
certain bacteria while remaining effective against others.

For four important drug/bug combinations, resistance increased by between
40 and 49 percent in just five years (1994–1999).2 Even more disturbing is the
growing prevalence of “superbugs,” bacteria that are multi-drug resistant. As of
1998, strains of at least three bacterial species capable of causing life-threatening
illnesses were resistant to all available antibiotics.3

Other troubling statistics on antibiotic resistance include the following:

• Nearly all strains of Staphylococcus aureus in the United States are resistant to
penicillin,4 and many are resistant even to the newer methicillin-related
drugs.5 Since 1997, some strains of S. aureus have been reported to be less
susceptible to vancomycin, the last uniformly effective treatment.6 (S. aureus
causes a variety of serious ailments, including pneumonia, surgical wound
infections, and bloodstream infections.7)

• Today, one of approximately every six cases of Campylobacter infections (17.6
percent), the most common bacterial cause of foodborne infection in the
United States, is resistant to fluoroquinolones, the drugs of choice for adults
with severe food poisoning. As recently as ten years ago, such resistance was
negligible.8

CHAPTER 1

Antibiotic resistance: what it is and why it matters

A federal task force
recently noted that
antibiotic resistance
is "a growing men-
ace to all people"
and cautioned that
if current trends
continue, treat-
ments for common
infections “will
become increasingly
limited and
expensive—and,
in some cases,
nonexistent.”
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• No comprehensive tally of the human impacts of antibiotic resistance is avail-
able, but they are clearly substantial. One study concluded that methicillin-
resistant Staphylococcus aureus (MRSA) bacteria claimed more than 1,400 lives
in New York City alone in 1995.9

• In addition to its impact on human health, antibiotic resistance has a sig-
nificant economic impact as well. As of 1995, for example, resistance by just
six pathogens was calculated to increase in-hospital treatment costs by $1.3
billion.10

The possibility that new antibiotics will come to our rescue offers only lim-
ited hope, particularly for the near to medium term. Although drug companies
may eventually develop and market new classes of antibiotics, most of the few
promising new drugs now in the pipeline are variants of existing antibiotics, which
means that bacteria may quickly become resistant to them. In the past thirty-five
years, only one new type of antibiotic, linezolid, has been brought to market in
the United States11 (and resistance to linezolid is appearing with startling speed).12

Moreover, new antibiotics are likely to be expensive, at least in part because of
the cost of developing new drugs. One recent study concluded that the average
cost of developing a new prescription drug reached $802 million in the 1990s,13

though that estimate has been challenged as overstated.14 Nonetheless, it is clear
that drug-development costs are significant, and that new antibiotics tend to be
significantly more expensive than older ones. For example, a single course of
antibiotics to treat a urinary-tract infection would cost approximately $20 if the
bacteria were susceptible to an older drug, but nearly $100—a five-fold differen-
tial—if a newer drug were required because of resistance.15

Already, higher drug costs discourage some patients from taking drugs as pre-
scribed. In late 2001, a nationwide survey that found that 20 percent of adults
questioned had not filled at least one of their prescriptions during the year due to
restrictive costs.16 Steep drug costs may present a particular problem for individu-
als who are neither wealthy enough to have ample disposable income, nor poor
enough to qualify for Medicaid. This category includes many senior citizens, fam-
ilies with young children, and people with major health problems—precisely the
individuals most likely to need antibiotics.

In sum, the rate at which antibiotic resistance is worsening far exceeds the
rate at which new drugs are being discovered and brought to market, and new
drugs are increasingly difficult for many people to afford. Therefore, preserving
the effectiveness of existing antibiotics is critical to protecting public health.

One study con-
cluded that a
single strain of
resistant bac-
teria claimed
more than 1,400
lives in New York
City alone in
1995.

A note on terminology
Strictly speaking, the term “antibiotic” means a naturally occurring chemical
(i.e., one not manufactured by humans) that kills or inhibits the growth of bac-
teria. Often, however, the term is used more broadly, to include synthetic chem-
icals that also kill or inhibit the growth of bacteria. The term is also generally
used to include compounds that affect other microorganisms such as fungi and
parasites (technically known as "antimicrobials").  The term antibiotic by defini-
tion excludes compounds that affect viruses.
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BACTERIA, ANTIBIOTICS, AND ANTIBIOTIC RESISTANCE—THE BASICS17

Bacteria are everywhere. They are found by the millions on our skin, in our diges-
tive tract, throughout the environment (in air, water, and soil), and on the things
we touch every day. Most are harmless, and many are helpful because they com-
pete with disease-causing bacteria, known as pathogens.

It is pathogenic bacteria that get most of the attention. They cause a remark-
able variety of ailments, ranging from pneumonia, ear infections, meningitis,
urinary tract infections, and food poisoning, to skin, bone, and bloodstream
infections. Many types of bacteria are able to cause a range of different illnesses
depending on what part of the body they invade. For example, Streptococcus
pneumoniae causes not only pneumonia, as its name suggests, but also ear infec-
tions and meningitis. Conversely, some infections can be caused by several dif-
ferent bacteria and other microorganisms. Pneumonia, for instance, is a lung
infection that can be caused by not only Streptococcus pneumoniae but also
Staphylococcus aureus, Legionella, Hemophilus influenzae, and many other micro-
organisms.18 This is one reason that it is difficult to combat infectious diseases:
different organisms can produce similar symptoms but must be treated with dif-
ferent antibiotics.

Most bacterial diseases are short-term, but researchers continue to discover
that bacteria cause or contribute to certain chronic conditions as well. For exam-
ple, many ulcers are caused by bacteria and can be treated with antibiotics.19

Researchers are currently examining the role bacteria may play in other chronic
conditions such as some types of arthritis,20 and even heart disease.21

To fight bacteria, antibiotics target specific parts of their structure or machin-
ery. While over 100 antibiotics are now available in the U.S. for use in treating
human illness, most of the clinically important antibiotics fall into about a dozen
classes of fairly similar compounds.22 Often, if a strain of bacteria develops
resistance to one member of the class, it develops at least partial resistance to
some or all other members of that class as well. Typically, antibiotics affect not
only the “target” bacteria—those causing the illness that the antibiotic is intended
to treat or prevent—but also a wide array of bacteria that are just innocent
bystanders.23 Some antibiotics, known as broad-spectrum drugs, kill a particu-
larly wide array of bacteria, while narrow-spectrum drugs are more targeted in
their action.

Bacteria become resistant to antibiotics when they change, or mutate, in ways
that reduce or erase the antibiotics’ effect on them (it is the bacteria, not people,
that become resistant to antibiotics).24 Put another way, resistance is the ability of
bacteria to survive and even multiply despite the presence of an antibiotic at levels
that could previously kill the bacteria or inhibit their growth.25

When bacteria are first exposed to an antibiotic, those most susceptible to it
die quickly, but the bacteria that survive will pass on their ability to resist to suc-
ceeding generations. As noted above, bacteria are remarkably numerous; they are
also astonishingly prolific. Indeed, in some species, a single bacterium can pro-
duce a billion offspring in a single day under optimal conditions. Thus, even if ini-
tially no bacteria are able to survive the onslaught of an antibiotic, the random
mutation of the bacteria’s DNA will produce a wide variety of genetic changes,
some of which—sooner or later—will almost inevitably confer resistance. This
may happen in one of several ways:

When bacteria are
first exposed to an
antibiotic, those
most susceptible
to it die quickly, but
the bacteria that
survive will pass on
their ability to resist
to succeeding
generations.
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• The bacteria’s outer membranes may change in such a way that it no longer
allows the antibiotic to enter the cell.

• The bacteria may develop biochemical pumps that remove the antibiotic from
the bacteria before it can reach its target within the bacterial cell.

• The bacteria’s receptors may change so that the antibiotic can no longer
engage them.

• The bacteria may create enzymes that deactivate the antibiotic.26

The problem of resistance is exacerbated by the fact that, unlike higher organ-
isms, bacteria can transfer their DNA to other bacteria that are not their off-
spring—even to members of entirely unrelated species. Most frequently, such
transfer occurs via a plasmid, a small circle of DNA that is not part of the bacte-
ria’s regular DNA (which is found in its chromosomes). In effect, bacteria can
teach one another how to outwit antibiotics. Plasmid transfer is by no means rare.
In fact, as one leading expert noted, “The exchange of genes is so pervasive that
the entire bacterial world can be thought of as one huge multicellular organism in
which the cells interchange their genes with ease.”27 This phenomenon can occur
in the environment and has been documented in the human intestine.28

Thus, even if the bacteria that first become resistant do not cause disease, they
can transfer their resistance genes to other types of bacteria that do. In short, the
problem of antibiotic resistance is not just confined to resistant germs, but rather
encompasses all resistance genes, in any type of bacteria. Moreover, many plasmids
carry several resistance genes, leading to “superbugs” that are able to withstand
simultaneously three, four, or even more entire classes of antibiotics. These super-
bugs pose some of the toughest challenges to disease treatment today.

Given that resistance to antibiotics is already so widespread, an important
question is whether antibiotic resistance is reversible. That is, once resistant bac-
teria have become prevalent, will they become less so if the use of antibiotics is
reduced? Fortunately, the answer seems to be yes, at least in some instances. For
example, a campaign in Finland to lower the resistance to erythromycin in certain
kinds of infections by reducing its use almost halved the incidence of resistance in
those bacteria to that drug.29

Similarly, researchers in Denmark compared the levels of resistant bacteria in
chickens just before and shortly after antibiotic use in chickens was sharply restricted
in that country. The researchers found that the fraction of bacteria in chickens
resistant to one drug (avoparcin) plummeted from nearly 73 percent to just over
five percent in a five-year period. Resistance to another drug (virginiamycin)
dropped from more than 66 percent in 1997 to less than 35 percent in 2000.30

Although even the most careful use of antibiotics can eventually produce
antibiotic-resistant bacteria, the widespread, indiscriminate, or inappropriate use
of an antibiotic hastens the day when it loses its ability to treat disease. Put more
colloquially, the more you use them, the faster you lose them. Thus, as further dis-
cussed in Chapter 5, a key strategy in combating antibiotic resistance is using
antibiotics as sparingly as possible—and only where truly needed.

1 Interagency Task Force on Antimicrobial Resistance, “A Public Health Action Plan to Combat Anti-
microbial Resistance,” 2001 (italics added), www.cdc.gov/drugresistance/actionplan/aractionplan.pdf.

The problem is not
just resistant
germs; it is all
resistance genes, in
any type of bacteria.
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Jimmy was about eight years old when his parents rushed him to the clinic
with a fever of 104ºF, severe cough, painful breathing, and body-racking chills.
They were terrified. Their child looked gravely ill. The doctor quickly made a
diagnosis—bacterial pneumonia—and gave Jimmy a shot of penicillin.

A few hours later, the doctor checked back on Jimmy and found his parents
much relieved. Jimmy had improved rapidly, just as the doctor had predicted.
And at a follow-up exam two days later, Jimmy was nearly recovered—no
more fever, chills, or chest pain. His breathing was easy, and his cough was
loosening up. He was going to be just fine. The year was 1978.1

In the sixty years since antibiotics first came into use, these “wonder drugs” have
saved the lives of countless children and reduced the severity of illness for many more.
In particular, along with vaccines and improved sanitation, antibiotics have contributed
importantly to the decrease in overall infant mortality in the United States, from
about 20 percent in the late nineteenth century,2 to less than 1 percent in 1998.3

Nonetheless, infections, many caused by bacteria, are not uncommon in
American newborns. Indeed, it is estimated that as many as 10 percent of infants
will acquire an infection within one month of birth.4 And despite the availability
of antibiotics, infections still kill babies today. For American children in the first
year of life, infections from all causes are the fourth most common cause of death,
after birth defects, complications surrounding childbirth, and Sudden Infant
Death Syndrome (SIDS).5 For children one to five years of age, septicemia (bac-
terial infection in the bloodstream) is the seventh leading cause of death.6 For-
tunately, as children age, infection becomes a less common cause of death.

At all ages, however, the rate of nonfatal illness from bacterial infection is
much higher than the rate of death and has not changed as dramatically over the
same time span. Each year, healthy young children suffer between three and eight
viral upper respiratory infections,7 which all too often become complicated by
secondary bacterial infections of the middle ear.8 Bacteria are also responsible for
some of the roughly 30 million episodes of diarrheal illness experienced annually
by children under five (an average of one to two episodes per child per year),
resulting in millions of visits to the doctor, hundreds of thousands of hospitaliza-
tions, and 300 to 400 deaths.9 Sore throats caused by Group A streptococci, so-
called strep throats, become epidemic in school-age children during the cold
months and require treatment with antibiotics to reduce the risk of rheumatic
fever (which can cause permanent heart damage). Children may also contract
serious bacterial infections of the central nervous system, bloodstream, lungs, uri-
nary tract, and bones—infections that can cause death or permanent disability if
not treated with antibiotics.

Children’s vulnerability to bacterial infections
Infants and young children are at increased risk for adverse outcomes from bacterial
infections for three reasons. First, their immune systems are not yet fully functional;
second, they are exposed to numerous pathogens because of their behavior patterns;
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and third, some antibiotics that have been approved for use in adults are not
appropriate for use in children. Each of these factors is discussed below.

IMMATURE IMMUNE SYSTEMS
Newborns have few defenses against bacterial infections. Although they are born
with some antibodies acquired from their mothers—so-called passive immunity—
these antibodies are primarily effective against certain types of bacteria. Many
other types of bacteria, however, cannot be controlled by antibodies alone.10

In addition to their limited production of antibodies, newborns possess only
20 to 30 percent of the quantity of stored bacteria-fighting white blood cells that
adults do, making them highly susceptible to septicemia (a bacterial infection in
the bloodstream that causes high fever). Moreover, compared with adults, new-
borns can create only about half as much complement, an important substance that
helps white blood cells kill certain kinds of bacteria.11 As a result, babies less than
three months of age who have high fevers are usually treated with antibiotics.
One or two in ten of such infants have bacterial infections and need the help of
antibiotics to prevent death and disability.12

Premature infants—those born before 37 weeks of gestation—are especially
vulnerable. They are three to ten times more likely to become infected than are
full-term newborns.13 And because they have less well-developed immune sys-
tems than full-term babies do, they are less able to combat infections once
acquired. Noninfectious complications of prematurity (such as respiratory distress
caused by underdeveloped lungs) add physiological stress to their systems, require
prolonged hospitalization, and increase the likelihood of infectious complications.
Finally, the more premature the infants are, the less passive immunity they receive
from their mothers, since the antibodies are not transferred through the placenta
until late in the last trimester of pregnancy. As a result, premature babies are even
more dependent on the efficacy of antibiotics for their survival.

Even among full-term newborns, the limited immunity that they acquire from
their mothers starts to wear off before their own systems are fully functional.
Babies’ antibody14 levels fall steadily until they are four or five months of age, and
by one year, only one of the four major forms of antibodies has reached an adult
production level.15

Children continue to be at relatively high risk from infections from age three
months to three years. Because some of their antibody-production systems still are not
fully functional, children in this age group are more prone to bacterial blood infections
than are older children.16 These bloodstream infections, in turn, can sometimes lead to
infections of the central nervous system (meningitis), bones (osteomyelitis), or lungs
(pneumonia). Successful treatment with antibiotics before the bacteria have a
chance to localize thus can both save lives and prevent permanent disability.

As children grow into school age and beyond, their ability to resist infection
improves. By the time they are ten or twelve, they are no longer more vulnerable
than adults for physiological reasons although, as discussed below, they still have
not acquired the full range of antibodies required to ward off infection.

GREATER EXPOSURE TO BACTERIA
Young children typically have high exposure to bacteria. Infants and toddlers
explore and learn about the world by touching and mouthing items in their envi-
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ronment. This normal healthy behavior also helps to train their immune systems
by exposing them to bacteria, which, as noted in Chapter 1, are both ubiquitous
and mostly harmless. Occasionally, pathogenic bacteria will enter a child’s envi-
ronment and these normal behaviors can result in an infection.17 While contami-
nated objects play a minor role in spreading bacteria in most settings, this mode
of exposure may be of greater importance in group settings such as childcare where
children share toys and other objects and where diapers are changed in a common
area. An estimated 13 million children under six attend regular out-of-home
childcare in the United States, as do 60 percent of children between six and thir-
teen.18 Infants and young children who attend childcare centers are predisposed to
higher numbers of infections, primarily lung and bronchial infections or intestinal
infections, and are at increased risk of getting antibiotic-resistant bacteria in their
systems.19 For example, children attending childcare are more than twice as likely
to have diarrhea than are children cared for at home.20

Older children and young adults also have a somewhat greater-than-average
risk of infection. Even after they are physiologically able to produce antibodies of
the same type and quantity that adults do, younger people usually have not yet
been exposed to some types of bacteria. Because the body makes antibodies to a
particular type of bacteria only once it actually encounters it, younger people tend
to have fewer antibodies than do mature adults, and therefore a lesser ability to
ward off infection. As a result, for example, even young adults who come in close
contact with a new group of people in a college dormitory21 or an army barracks
are more likely to contract meningitis.

Although older children and young adults occasionally develop serious bac-
terial infections, the availability of effective antibiotics has made death from infec-
tion in this age group an unusual event today. But if bacteria continue to become
increasingly resistant to antibiotics, this may soon change.

LIMITED THERAPEUTIC OPTIONS
Conducting pharmacological and clinical research on children is not easy, so most
antibiotics and other drugs are first approved by the Food and Drug Administra-
tion (FDA) for use in adults. According to the American Academy of Pediatrics,
80 percent of available therapeutic medications have not been approved for use in
children.22 While many antibiotics eventually enter pediatric use, it can take years
for enough experience to be generated to provide confidence that use of new drugs
in children is safe.

There are also physiological reasons for limiting the use of some drugs in
children. Because they have immature metabolic pathways, children respond to
drugs differently than adults do, and differently at various stages of childhood.23

In some cases, these metabolic differences may make the use of certain drugs
impractical or unsafe for children, even though they are safe for adults. Tetra-
cycline is a good example of an antibiotic that is safe for adults but not chil-
dren. Because tetracycline binds to immature calcium structures, it permanently
disfigures the enamel in teeth. Therefore, tetracyclines are contraindicated for
children under nine.24 A newer example is fluoroquinolones, which in animal
studies have been found to damage immature cartilage in still-growing bones
and joints. For this reason, fluoroquinolones are not approved for use in anyone
under eighteen.25

Many antibiotics
approved for adults
have not been
approved for use
in children, thus
limiting the range
of treatment options.
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In short, fewer antibiotics are available for treating children than for treating
adults. Consequently, as bacteria’s growing resistance to antibiotics further
depletes the number of effective drugs available to physicians for use in children,
infected infants and children will be especially hard hit.

Children’s greater vulnerability: examples from foodborne illness
Children’s greater vulnerability to bacterial illness is reflected in their higher rates
of disease, including those caused by foodborne bacteria (see Figure 1). Two of
the most important of these pathogens are Campylobacter and Salmonella.

CAMPYLOBACTER
Campylobacter is the leading bacterial cause of foodborne illness in the United
States, accounting for more than 2 million cases each year.26 Until their first birth-
day, infants are twice as likely to suffer from a Campylobacter infection as are older
individuals (54 versus 22 cases per 100,000 people).27 In newborns, when such
infections spread to the bloodstream, more than 30 percent of infected infants
die.28 Furthermore, almost 20 percent of all reported cases of Campylobacter infec-
tions occur in children under ten years of age,29 even though they represent only
14 percent of the population.30

Children with Campylobacter infections can be treated with erythromycin
and related drugs; luckily, Campylobacter’s resistance to these drugs is still low in
the United States. But if—or more accurately when—Campylobacter develops
resistance to these drugs, it will be difficult to find alternatives suitable for use in
children. Although fluoroquinolones are available for use in adults with Campy-
lobacter, these drugs are not approved for use in children. Even if fluoroquinolones
become acceptable pediatric alternatives, Campylobacter resistance to these valu-
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able drugs has grown significantly in the last decade, jumping from insignificant
levels to 18 percent.31

SALMONELLA
Each year, Salmonella causes 1.4 million people to become sick; 95 percent of
these cases are due to contaminated food.32 More than one-third of all cases occur
in children under age ten,33 even though they constitute only 14 percent of the
population.34 Infants under one year are ten times more likely than the general
population to become infected with Salmonella (129 versus 12 cases per 100,000
people). 35 Such infections are also more likely to spread to the bloodstream, par-
ticularly in infants under 3 months of age and children with underlying illnesses.36

The physiology of infants and young children is what makes them particu-
larly prone to Salmonella and other foodborne infections. The body’s best defense
against these organisms is the stomach, because its high acidity can destroy bac-
teria before they reach the intestine and cause infection. Children are at greater
risk, in part because their stomachs produce less acid and food stays in the stom-
ach for a shorter period, making it easier for bacteria to reach the intestine while
still alive. As a result, infants and toddlers can become infected by foods with
lower levels of bacterial contamination than those needed to cause infection in
older individuals. In addition, when children become infected, their bodies are
less able to confine the infection, thus leading to more serious illness. Unfortu-
nately, Salmonella and other bacterial pathogens are becoming increasingly resis-
tant to existing antibiotics, so fewer and fewer treatments will be available to treat
children with such infections.
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As Mary sat down to breakfast on the morning of her seventy-fifth birthday,
her “appetizer” was an array of pills. One of them was an antibiotic newly pre-
scribed by her doctor to treat a lingering case of bacterial pneumonia—two ear-
lier prescriptions hadn’t worked. It seemed that half of her friends at the senior
center also had to try several antibiotics before their doctors could find an
effective one. Meanwhile, she and her friends stayed sick. Mary dutifully swal-
lowed the new antibiotic, hoping it would rid her of the wracking cough that
sometimes felt as though it would crack her ribs—which would probably mean
having to leave the home that her young grandchildren loved to visit.

“Go, antibiotic!,” she whispered, washing the blue tablet down with a swal-
low of orange juice. “Zap that bug!” 1

Seniors—people aged sixty-five years or older—are the fastest-growing demo-
graphic group in the United States. Already comprising 13 percent of the popula-
tion, the proportion of seniors is expected to rise to 20 percent by 2030, a total of
70 million (see Figure 2).2

This demographic shift will have several effects on the nation’s overall health
status. First, chronic illness, disability, and bacterial and other infections are more
common among seniors than those under sixty-five. Though senior citizens com-
prise less than 13 percent of the total population, they account for about half of all
days spent in the hospital and for 36 percent of all patients admitted to hospitals.
Their hospital stays are also disproportionately long, making up 49 percent of all days
spent in the hospital, and the average hospital stay is 6.8 days for seniors, versus 5.5
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days for people under age sixty-five. Finally, older people have more contacts with
doctors, an average of 11.7 contacts per year, compared with 4.9 for younger people.3

Unfortunately, as the population is aging, so also are our antibiotics. This is
particularly bad news for seniors, who are highly vulnerable to bacterial infections
in general. As one researcher put it, “Geriatric patients . . . may be compared to
‘sentinel chickens’—the first to be affected by new or emerging infections in hos-
pitals and other health-care environments.”4 Despite the progress in recent years
in lowering seniors’ death rates from some ailments (for example, heart disease
and stroke), the number of deaths from infections has increased.5 Infections are
now responsible for 30 percent of the deaths in senior citizens.6 Infections also
frequently result in nonfatal illnesses; indeed, they are the most common cause of
hospitalization for older adults.7

Seniors’ vulnerability to bacterial infections
Several factors make seniors more vulnerable than younger adults to serious com-
plications and even death from many bacterial infections. These include age-
related decreases in the effectiveness of the immune system, higher exposures to
infectious bacteria resulting from lifestyle factors, and reduced ability to tolerate
the side effects of antibiotics (or other treatments) because of drug interactions or
underlying conditions. In addition, seniors tend to have higher rates of certain ill-
nesses that also lead to increased vulnerability to infection. Each of these points is
described more fully below.

LESS EFFECTIVE IMMUNE SYSTEM
With age, the immune system changes.8 Even the immune system of a healthy
older person is generally somewhat less robust than that of a younger adult, as a
result of several physiological changes in the systems that the body uses to fend
off infectious disease.

These systems can be divided into two broad categories: nonspecific defense
mechanisms, and specific immune responses.9 Nonspecific defense mechanisms
are physical processes for keeping harmful items out of the body or for clearing
them rapidly once they enter (for example, cough and gag reflexes, intact skin and
mucus membranes, the acidity of stomach secretions, and the efficient clearance
of urine and feces). By contrast, specific immune responses involve biochemical
processes such as recognition of foreign antigens (microorganisms, parasites, pro-
teins) and subsequent production of specific immune cells, antibodies, and inflam-
matory chemicals. With age, both systems become less effective.

Non-specific host defenses. Many seniors have a reduced “cough reflex” that
increases the likelihood of aspiration (unwanted inhalation) of bacteria from the
mouth, nose, and throat deep into the lungs, which in turn increases the risk of devel-
oping pneumonia.10 This problem may be compounded by a weakened gag reflex
that limits the ability to expel aspirated material. A weakened cough reflex can result
from a variety of factors, including injury to the ribs (which may in turn have occurred
because of osteoporosis), excessive drowsiness as a side effect of medication, or stroke.

Similarly, many seniors have less-acidic gastric secretions, predisposing them
to infections caused by foodborne and waterborne pathogens. For example, these
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patients are particularly prone to Salmonella infections because more bacteria are
able to reach the intestine after surviving passage through a less-acidic stomach;
once in the intestine, they can cause infection.11 Likewise, a loss of gastric acidity,
resulting from the use of antacids and certain antihistamines, predisposes patients
to infections from food or water.12

In addition, regular and complete evacuation of the bladder and colon are
important defense mechanisms against infection from intestinal bacteria. Both of
these functions can become less effective with age because of medical conditions
such as diabetes or stroke, or as a side effect of medications that impair bladder
and bowel function, predisposing seniors to both diarrheal and urinary tract infec-
tions. Other factors associated with urinary tract infections in seniors are incon-
tinence of stool and urine, and the presence of indwelling urinary catheters.13

Men are especially at risk for urinary retention and infection due to enlargement
of the prostate gland, which is more common in older men.

Moreover, with age, the skin loses its elasticity and regenerative properties, so
that it ruptures more easily and takes longer to heal. For example, seniors who are
confined to bed or a wheelchair can develop bedsores or pressure ulcers. Like all
breaches in the skin’s integrity, such sores provide portals of entry for bacteria.

In short, an array of physiological changes can damage senior citizens’ non-
specific defense mechanisms, resulting in increased susceptibility to infection.

Specific immune response. Although the human immune system is very good
at protecting itself against microbial invaders, several of its components become
less efficient in older people. An example is alterations in different types of white
blood cells. One kind of white blood cell, known as T-cell lymphocytes, plays a
critical role in responding to microbial invasions. The T-cell lymphocytes respond
both by turning on B-cell lymphocytes (which make specific antibodies to infec-
tious agents) and by producing inflammatory chemicals (which help destroy the
foreign material). With age, however, the body’s production of T-cells capable of
responding to new infectious challenges declines, as does the B-cells’ ability to
produce specific antibodies.14 As a result, seniors are less capable of mounting a
vigorous immune response to bacteria to which they have not been previously
exposed, or to newly encountered bacteria (including mutated versions of previ-
ously encountered bacteria). By the same token, vaccines against bacterial diseases
may not work well for the older population, since vaccines work by “priming” the
body’s own immune system to fight a particular microbe.

Effects of chronic conditions
As people age, they are more likely to develop debilitating conditions that reduce
their ability to fight infection. First among these conditions is malnutrition, an
inadequate quantity and/or quality of calories and nutrients. The diets of approx-
imately one-third of senior citizens are deficient in vitamins and trace minerals,15

and almost 80 percent are rated as either poor or needing improvement.16 Inade-
quate nutrition can have a variety of causes. Prominent among them is loss of
appetite, which in turn can result from age-related alterations in taste and smell,
from depression or dementia, or as a side effect of many prescription drugs. Mal-
nutrition can also be caused by disorders that impair the body’s ability to absorb
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nutrients from the digestive tract, or it can result from disabilities that make shop-
ping and food preparation difficult.17 All aspects of the nonspecific and specific
immune responses can be adversely affected by malnutrition.

Chronic conditions such as cancer, diabetes, and heart disease also become
more prevalent with age and are in turn associated with higher rates of illness and
death from infections.18 For example, two-thirds of all cancers19 and half of all
new cases20 occur in people age sixty-five and older.

GREATER EXPOSURE TO BACTERIA
Seniors are a diverse group. In the United States, this older population as a whole
is more prosperous, more active, and healthier than ever before.21 Ironically, these
very factors allow many seniors to engage in activities that can increase their
exposure to infectious agents. Domestic and international travel may bring them
in contact with exotic bacteria.22 So can leisure activities such as gardening
(which involves exposure to bacteria in soil) and community volunteer work
(particularly if it includes contact with young children, other seniors, or immi-
grants, or takes place in medical settings).23 These active seniors may also come
into more frequent contact with health-care related infectious agents on trips to
see their physician or while visiting friends and family in hospital and long-term
care facilities.

Less healthy seniors—particularly those who reside in long-term care facili-
ties—are even more likely to be exposed to infection-causing bacteria. While the
number of individuals living in nursing homes has decreased significantly in recent
years, they still constitute nearly 5 percent of people over age sixty-five.24 Bacter-
ial infections are relatively common among residents of long-term care facilities,
with infections of the urinary tract, respiratory tract, and skin and soft tissues
among the most common.25 This relatively high rate of infection arises from sev-
eral factors, including close living quarters and the patients’ general debility.

Other factors also contribute to relatively high rates of infection in seniors com-
pared to younger adults. For a variety of reasons, seniors are more likely to suffer
from conditions that promote bacterial infection, such as pressure ulcers (bedsores)
and/or incontinence. Pressure ulcers often occur in seniors who are confined to
bed or a wheelchair because of a serious illness such as cancer, an osteoporosis-
related injury after a fall, or cognitive impairment—all conditions more prevalent
among seniors. Likewise, incontinence is both a side effect of some medications
and a common result of serious cognitive impairment. Particularly in the latter
event, patients may not alert a caretaker to the need for help cleaning themselves
for prolonged time periods, thereby increasing the risk of skin or urinary tract
infections. About one-third of individuals over age eighty-five suffer from cogni-
tive impairment (from stroke, Alzheimer’s disease, or other causes).26

Finally, seniors are at particular risk of developing an infection if they require
devices such as urinary catheters, IV tubes, and venous “ports” for dialysis or other
surgically implanted tubes. These types of devices all involve a breach of the skin,
sometimes for months or even years; local or systemic infections often result. In
catheter-related infections, for example, the patient’s skin is a likely source of bac-
teria such as Staphylococcus epidermidis, which may cause bloodstream infections.
Catheter-related infections have been found to increase morbidity and mortality
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by 10 to 20 percent, increase hospital stays by an average of seven days, and sub-
stantially raise medical costs.27

The frequency of bacterial infection translates into an extensive use of anti-
biotics—approximately 40 percent of all prescription drugs used in nursing homes
are antibiotics—and into recurring problems with antibiotic-resistant infections.28

For example, 30 percent of the patients in some U.S. nursing homes are “colo-
nized” with a particular strain of bacteria known as methicillin-resistant Staphylo-
coccus aureus (MRSA)29 (an individual is said to be colonized by a certain type of
bacteria if they are present in or on his or her body but are not currently causing
illness). MRSA causes serious skin infections, pneumonia, and other ailments,
and only one or two drugs (such as vancomycin) are still highly effective against
it. If (or more realistically when) MRSA develops resistance to vancomycin, large
numbers of untreatable serious infections are likely to result. Other resistant
pathogens increasingly found in long-term care facilities include vancomycin-
resistant enterococcus (VRE), penicillin-resistant Streptococcus pneumonia, and
quinolone-resistant Enterobacteriaceae, among others.30 These bacteria variously
cause pneumonia, heart-valve infections, meningitis, and other serious illnesses.

LIMITED THERAPEUTIC OPTIONS
Once bacterial infections strike seniors, antibiotic treatment may be complicated
by a number of age-related changes in physiology. For reasons that are not well
understood, seniors are generally more sensitive to the unpleasant side effects of
all medications, including antibiotics, and thus may not be able to tolerate the full
range of available antibiotics. Furthermore, the need to avoid adverse drug inter-
actions may significantly limit antibiotic options for seniors who are taking other
medications. Most seniors take one or more medications for treatment of chronic
conditions like high blood pressure, heart disease, arthritis, and/or diabetes
(indeed, the average nursing home resident is taking five to ten medications at
any one time).31 Certain medications lower the blood levels of other drugs and
make them less potent, or may even interfere with the drug’s action. Finally,
antibiotics can dangerously increase blood levels of drugs like blood thinners and
cause bleeding complications.32

Seniors may also be more susceptible to serious side effects from certain
antibiotics. Certain classes of antibiotics, for example, adversely affect kidney
function or the ear; even though such impacts may be tolerable in younger per-
sons, in an older individual they may aggravate age-related declines and lead to
outright kidney failure or deafness. An aging patient may also not be able to
absorb, metabolize, or eliminate antibiotics as effectively as a younger person can,
making it more difficult to prescribe the optimal dose to treat an infection.33 For
example, if a dose of antibiotic is not adequately eliminated by the kidneys, it can
accumulate in the body and cause severe side effects (it is often difficult to accu-
rately assess kidney function in older patients).

Psychosocial reasons may also limit antibiotic options. A patient’s ability to
complete a prescribed course of treatment may be impaired by a number of factors:

• The inability to follow directions because of problems with hearing, seeing,
or understanding them.

• The inability to remember to take pills because of memory loss.

Because of age-
related declines
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• The fear of interactions with other drugs.
• The erroneous attribution of side effects to the prescription.
• The difficulty of opening a childproof container.34

• The inability to afford antibiotics, particularly for individuals who suffer from
recurrent infections.35

Finally, chronic diseases in older people are sometimes more difficult to diag-
nose, thereby delaying their treatment. These difficulties reflect the fact that
seniors may not present the same kinds of symptoms as do younger people, in part
because of their reduced immune function. For example, seniors are less likely to
have a fever or certain kinds of localized symptoms. They are also more likely to
have chronic conditions that mask the symptoms of a bacterial illness, as when
nausea is attributed to cancer chemotherapy rather than a foodborne illness. In
addition, many seniors whose mental capacity is diminished may have trouble
describing their symptoms.36

Seniors’ greater vulnerability: examples from foodborne illness
Senior citizens are one of the groups at highest risk of dying from foodborne
pathogens. Although approximately 30 percent of foodborne infections are bacte-
rial, they account for 60 percent of hospitalizations and almost 72 percent of the
deaths from foodborne diseases of known cause.37 Even though the majority of
cases of bacterial foodborne illness occur in children under the age of ten, some
pathogens are more predominant in seniors and near-seniors. For instance, per-
sons age sixty and older account for 54 percent of the total foodborne cases of Lis-
teria and 17 percent of the cases of Vibrio; both Listeria and Vibrio are bacterial
pathogens with high fatality rates.38

Even those foodborne infections that are no more prevalent in the older pop-
ulation than the general population can be more lethal for seniors. Ninety-five
percent of Salmonella infections, which cause 1.4 million illnesses annually, are
spread by contaminated food.39 Although such infections are not more common
in healthy seniors, debilitated seniors, such as those in nursing homes, are at in-
creased risk. A survey of foodborne illnesses in nursing homes from 1975 through
1987 reported that 52 percent of all outbreaks and 81 percent of all outbreak-
related deaths were due to Salmonella.40 Data suggest that mortality rates are
twenty-five times higher for seniors in nursing homes who contract a Salmonella
infection, in comparison with the general population.41

Campylobacter, which is the leading cause of foodborne bacterial infection in the
United States and accounts for almost 2 million cases of food-related illness annu-
ally,42 is not found more often in older patients and is rarely fatal, even among
seniors. But Campylobacter infections can be complicated by temporary, but pro-
found, muscle weakness and paralysis called Guillain-Barré syndrome. This compli-
cation arises in about 1 out of every 1,000 Campylobacter cases,43 but 38 percent of
the time it occurs in seniors, who also account for 66 percent of the deaths from this
condition.44 In addition, nursing home patients may have an increased mortality
rate, in comparison with the general population, if infected with Campylobacter.45

Likewise, although Listeria accounts for far less than one-tenth of 1 percent of
all identified bacterial foodborne infections in the United States, it is responsible
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for nearly 4 percent of the total number of hospitalizations for foodborne infec-
tions and 28 percent of the deaths.46 Seniors bear more than half the burden of
infection and are two to three times more likely to die from Listeria infections
than are younger members of the general population.

Antibiotic resistance is a major problem with the principal foodborne bacterial
pathogens. Although most cases of bacterial foodborne diarrhea are self-limiting,
some are severe enough to require antibiotic treatment. Such treatment may be
needed because of continuing symptoms and dehydration, which may be further
complicated in older persons due to an age-related decrease in the thirst response,
or because the bacteria have spread to the bloodstream and organs outside the
intestine. The major foodborne bacterial pathogens have long been resistant to
the original antibiotics of choice (which are inexpensive and have relatively benign
side effects). For example, the multidrug-resistant Salmonella cultured from
humans with diarrhea has been increasing since the early 1980s, accounting for 19
percent of cases in 1995 in the United States.47 Strains of Salmonella now exist
that are resistant to virtually all available drugs.48
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The infectious-disease physician looked at her appointment schedule and
sighed. It was going to be a long afternoon at the hospital—a cancer patient, a
transplant patient, three people with HIV, someone wrestling with complica-
tions from diabetes, and another patient battling a post-surgical infection.

All were patients she had recently diagnosed as having bacterial infec-
tions. The good news was that their infections should be treatable with antibi-
otics. The bad news was that the first antibiotics she had prescribed hadn’t
done the job for several of these patients. But with luck, the bacteria would
respond to the next antibiotic.

She shook her head and sighed again. In the dozen years she has been in
practice, it had become far harder to find drugs that both killed the pathogens
and could be tolerated by the patients. And the number of resistant strains of
bacteria continued to climb each year. She paused to hope that she wouldn’t
find herself facing any untreatable infections that day, then marched off to see
her next patient.1

Several medical conditions predispose people to bacterial infections and/or make
such infections harder to fight off. This chapter looks at a few of these groups of
medically vulnerable individuals: cancer patients, organ transplant recipients, peo-
ple with HIV/AIDS, and diabetics. The chapter concludes by briefly describing
many other groups of people that also may find themselves temporarily susceptible
to resistant infections, such as those who undergo surgery or treatment for burns.

Cancer patients
The American Cancer Society estimates that one of every two American men
and one of three American women will develop cancer during their lifetime.2

Two-thirds of all cancers3 and half of all new cases4 occur in people age sixty-five
and older. Because the U.S. population as a whole is growing older on average, 5

the number of people with cancer is likely to climb as well.
After rising for several decades, cancer death rates began to fall in the late

1990s as survival rates finally began to improve.6 Even so, cancer remains the sec-
ond leading cause of death in the United States (surpassed only by heart disease),
accounting for over 500,000 deaths annually.7

The cause of death for many cancer patients is not the cancer per se but rather
respiratory failure, liver or kidney failure, or—surprisingly—infection. For some
cancers, like lymphoma and acute leukemia, infection accounts for more than half
the fatalities.8 For virtually all cancer patients, especially those undergoing
chemotherapy, antibiotics play a key role in their treatment. Indeed, antibiotics
have revolutionized cancer treatment by enabling the use of more aggressive ther-
apies that have led to higher survival rates. In particular, many more patients
undergoing chemotherapy, bone-marrow transplants, and surgery would succumb
to infection absent antibiotics. People with certain types of cancer are also partic-
ularly prone to infections from the cancer itself, and from exposure to pathogens
in medical settings. These infections may be bacterial, viral, or fungal, with bacte-
ria causing a significant proportion.

CHAPTER 4

At special risk: the medically vulnerable
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VULNERABILITY DUE TO CANCER
Depending on the type and location of a malignancy, cancer can directly increase
the likelihood of acquiring an infection. Solid tumors—those that do not involve
the blood and lymph system—may cause organ malfunction or obstruct the nor-
mal drainage of lymph, urine, or other fluids, thus creating conditions favoring
infection. In cases of lymphoma and leukemia, cancer affects the immune system
itself, thereby directly interfering with the patient’s ability to resist infection. With
other cancers, severe wasting and malnutrition may also impair the immune sys-
tem and render patients especially susceptible to infection.

VULNERABILITY DUE TO CANCER TREATMENT
Cancer is typically treated with surgery, radiation, chemotherapy, and/or bone
marrow transplantation.9 Although each type of treatment can increase the risk of
bacterial infection, chemotherapy and bone marrow transplantation are the most
likely to do so.

Surgery is used for a number of reasons in cancer treatment: to excise tumors
completely, to assess the spread of tumors, to remove or bypass obstructions caused
by tumors so as to make patients more comfortable, and/or to reconstruct the
anatomy after such operations. A large majority of cancer patients undergo at least
one surgical procedure. Infections at the site of the surgery are a well-described
risk of any operation and account for nearly 40 percent of all infections in surgical
patients overall and about 15 percent of all hospital-acquired infections. Most
surgery-related infections are bacterial, and increasingly these bacteria are multi-
drug resistant “superbugs” against which antibiotics are less and less effective.10

Surgery can also alter anatomy in a way that makes cancer patients either
more likely to acquire infections or less able to control or contain them. For exam-
ple, after a tumor is removed, fluids may collect in the spaces left vacant by the
tumor’s removal, creating potential breeding sites for bacteria. Similarly, if a can-
cer spreads to lymph nodes or the spleen—both of which are important in pro-
viding a strong immune response—these organs may be surgically removed,
weakening the patient’s ability to fight infection.11

Radiation therapy is used both to cure and to provide relief from symptoms
in cancer patients, often in combination with other therapies. It functions by dis-
rupting the division of rapidly proliferating cancer cells, thus killing them. Unfor-
tunately, however, radiation is not selective and so destroys other rapidly dividing
cells (such as those that line the mucus membranes and bone marrow cells) if they
are in the radiation’s pathway.12 For example, radiation treatment for head and
neck cancers often results in ulcers in the mouth, breaching the mouth’s protective
barrier and giving bacteria an easy entryway. Similarly, the irradiation of bones
reduces a patient’s ability to fight disease because bone marrow cells produce
infection-fighting white blood cells.

Chemotherapy is the administration of drugs to kill cancer cells and is the
mainstay of treatment for cancers that have metastasized, that is, spread beyond
the site where they originated. Chemotherapy also is used to reduce the symp-
toms of incurable cancers and as adjuvant (that is, supplemental) therapy after
surgery or radiation. Like radiation, all but the newest chemotherapy drugs are
nonspecific and target all rapidly dividing cells, including many that play a key
role in the immune system.
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Two common consequences of chemotherapy are important with respect to
the risk of infection. First, chemotherapy usually kills most of the white blood
cells called granulocytes that play a key role in fighting bacterial infection.
Extreme depletion of granulocytes substantially increases the risk of infection,13

and the immediate administration of antibiotics is the only way to prevent death
when granulocyte levels plummet and infection strikes.14 Second, mucositis—
severe damage to and inflammation of the lining of the mouth, gastrointestinal,
and respiratory tracts—also creates a large area through which disease-causing
organisms may enter the body.15 Infection is common, and antibiotics are critical
to preventing severe or fatal consequences.

Bone marrow transplants and blood stem cell transplants16 have become
standard therapies when high doses of chemotherapy are needed. The procedure
involves the removal and storage of marrow or stem cells before the patient
receives high-dose chemotherapy to kill the cancer. But high doses of these drugs
also can be lethal because of prolonged suppression of bone marrow function.
They are possible only because the stored marrow or stem cells can be returned to
the patient to restore bone marrow function after the chemotherapy drugs have
been cleared out of the system.

During intensive chemotherapy and before the marrow has resumed normal
function, infection is a major cause of mortality.17 When a patient’s own bone
marrow must be replaced with that from a donor, the situation becomes even
more complicated. Such a patient’s immune system must be suppressed for months
or even years to prevent rejection of the donated marrow. Because bacterial infec-
tions are particularly likely to kill bone marrow transplant patients in the first
month or two after the transplant, effective antibiotics are a mainstay of treatment
and necessary for the patient’s survival.

VULNERABILITY DUE TO EXPOSURE
Cancer patients also are susceptible to infection because of their extensive expo-
sure to disease-causing organisms during frequent visits to the doctor or clinic for
treatment and checkups, and during repeated hospitalizations for treatment or
because of complications. Unfortunately, pathogens acquired in hospitals and clin-
ics are much more likely to be resistant to antibiotics, making such infections very
difficult to treat. In addition, many cancer patients have permanent catheters, to
allow access to blood veins for chemotherapy, blood tests, and transfusions; such
catheters offer bacteria easy entry into the body.

Moreover, even bacteria that do not usually pose a threat to healthy people can
cause disease in cancer patients because of these patients’ less-effective immune
systems. These bacteria are among the types that have become resistant to many
kinds of antibiotics and consequently are more difficult to treat.18 In other words,
for cancer patients (and others with impaired immune function), the reduced effi-
cacy of antibiotics can make even these ordinarily harmless bacteria deadly.

Diabetics
Diabetes is an epidemic illness in the United States today. Approximately 16 mil-
lion Americans have diabetes (though roughly a third are not aware of their con-
dition), with 2,200 new cases diagnosed each day.19 Diabetes is now the seventh
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leading cause of mortality in this country, causing nearly 200,000 deaths annu-
ally.20 In adults, the prevalence of diabetes rose 33 percent between 1990 and
1998, with the largest increase among people in their thirties (76 percent).21

Because some types of diabetes are associated with obesity, a sedentary lifestyle,
and old age, and given the current trend toward a heavier, less athletic, and older
population, diabetes may well become even more prevalent in the future.

Diabetes can be treated but not cured. Complications from the disease include
blindness, kidney failure, heart disease, stroke, and lower-extremity amputations.
Diabetics’ immune systems also are somewhat impaired. While diabetics are not
necessarily more susceptible to infections than non-diabetics are, the types of
infections they develop differ from those encountered by most other groups; com-
mon infections occur at different rates in diabetics; and finally, these infections are
often more serious.22 For example, as many as 30,000 diabetics die each year from
complications of flu and pneumonia, three times the mortality rate in people with-
out the disease.23 And when a diabetic contracts pneumonia, the illness is more
likely to be caused by dangerous bacteria like Staphylococcus aureus. Even when a
more common germ like Streptococcus pneumoniae causes pneumonia, in diabetics
the infection is more likely to spread to the bloodstream and/or be fatal.24 Other
serious infections are also more common in diabetics, ranging from Salmonella,
which can cause serious foodborne illness and complications, to E. coli and Kleb-
siella, which causes many ailments, including pneumonia and kidney infections.25

These organisms are often multi-drug resistant (that is, resistant to three or more
types of antibiotics), which makes treating serious infections all the more difficult.

Skin and soft-tissue infections are also particular problems for diabetics.
Because diabetes often results in long-term complications affecting the nerves
and circulatory system, diabetics’ feet are susceptible to injury and the develop-
ment of ulcers. The combination of skin-barrier breaches and compromised circu-
lation make infection more likely, including severe infections that can spread to
bones and muscle.26 The same factors that cause infection also make treatment
more difficult: poor circulation makes it hard for the ulcer to heal, and bacteria
can cause infections lasting for long periods of time. Consequently, diabetic
patients may require many weeks or months of broad-spectrum antibiotics, with
high risk of developing antibiotic-resistant bacterial infection. Further, an uncon-
trollable infection can result in the amputation of the limb or death.

Transplant recipients
The transplantation of solid organs (organs other than bone marrow and corneas)
is a major triumph of modern medicine. In 2000, almost 23,000 Americans
received new organs and a new lease on life, more than an 80 percent increase
from the number in 1988.27

Most transplants are performed in patients suffering from kidney, liver, or
heart failure, but the intestines, pancreas, and lungs have also been transplanted.
Because of important advancements in transplantation procedures, the first-year
survival rates of the transplanted organ now exceed 80 percent.28

Higher survival rates, in large part, stem from progress in keeping the patient’s
body from rejecting newly transplanted tissue, in turn by suppressing the patient’s
own immune function.29 To this end, medications that suppress immune functions
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are administered to transplant patients for extended periods, or even on a life-
long basis. Unfortunately, these drugs also limit the ability of the transplant
patient’s immune system to recognize and fight microbial invaders, thereby mak-
ing these patients extremely vulnerable to infection. While transplantation can
successfully treat some ailments (indeed, is sometimes the only treatment option),
one drawback is the permanent increase in the patient’s susceptibility to infection.
Until new methods are developed to prevent organ rejection without suppressing
the immune system, transplant patients will remain especially vulnerable to infec-
tious disease.

Susceptibility to infection varies greatly among different types of transplant
patients and over time. In general, though, solid-organ transplant recipients are
roughly three times more likely to die from surgical-site infections or intra-
abdominal infections, septicemia (bloodstream infections), or pneumonia than are
healthy people undergoing surgery.30 Without effective antibiotics, these statistics
would be even grimmer.

The greatest risk for bacterial infection is during the first month following
the transplant.31 Immediately after the procedure, transplant patients receive
very high doses of immune-suppressive drugs to prevent an acute rejection of the
transplanted tissue. During this month, they also must remain in the hospital,
where they are exposed to the bacteria (often, drug-resistant ones) that also reside
there. Like cancer patients who have undergone major surgery, transplant patients
typically are given catheters and/or similar devices that serve as potential conduits
for bacteria.

From one to six months after the transplant, bacterial infections become less
prominent, and viral infections dominate. Certain kinds of transplants, however,
leave patients at continued risk for bacterial infections. For example, kidney trans-
plant patients have ongoing problems with urinary tract infections that require
treatment with antibiotics. Even after roughly half a year, 5 to 10 percent of trans-
plant patients develop recurrent or chronic rejection, for which they need pro-
longed, intense doses of immunosuppressive drugs. Indeed, these individuals
require long-term antibiotic treatment and must be careful to minimize their
exposure to bacteria.32 Absent effective antibiotics, this group would be at extreme
risk of frequent and potentially fatal infections. In a recent review on infections in
transplant patients, the authors concluded:

Infection and rejection, the two primary barriers to successful organ transplanta-
tion, are inextricably linked. . . . To increase the safety of organ transplantation
further, we need improved diagnostic tests to detect infection early and to monitor
immune function, as well as new therapies to overcome antimicrobial resistance.33

HIV/AIDS patients
Approximately 900,000 persons in the United States are infected with Human
Immunodeficiency Virus (HIV).34 HIV infects the cells of the immune system
and reduces both their number and their capacity to fight off infection. Because
HIV is a viral rather than a bacterial disease, antibiotics cannot be used to treat it
directly.35 But antibiotics are nonetheless critical in treating HIV patients, because
HIV’s principal effect is disrupting the body’s immune system. Ironically, many of
the therapies available to treat HIV infections also kill the body’s own infection-
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fighting white blood cells. Unchecked, HIV progresses to Acquired Immuno-
deficiency Syndrome (AIDS), a fatal disease characterized in its advanced stages
by numerous bacterial, viral, and fungal infections, certain cancers, nutritional
wasting, and/or deterioration of the central nervous system.

Although the prognosis for patients with HIV and AIDS has improved markedly
owing to the availability of highly active anti-retroviral therapies (HAART),36 patients
are still at increased risk for infection. Although some HIV-related infections
occur only in the disease’s advanced stages, bacterial infections can occur at any
time. Bacterial infections that are particular problems for these patients include
those caused by Streptococcus pneumoniae and Salmonella, as well as tuberculosis.

Bacterial pneumonia is often the first sign of HIV disease.37 Pneumonia caused
by S. pneumoniae is much more common in HIV-infected patients than in the
general population.38 When S. pneumoniae is resistant to penicillin, HIV-positive
patients have a mortality rate 7.8 times higher than if their disease was fully or
even partially sensitive to penicillin.39 By contrast, in individuals with normal
immune systems, there is no demonstrable difference in mortality or morbidity
from pneumonia caused by penicillin-resistant pneumococcal bacteria as long as
appropriate antibiotics are employed.40

HIV-infected patients are also more at risk of developing serious foodborne
bacterial infections. In fact, in the 1980s, persistent infection with Salmonella was
identified as one of the infections defining AIDS, because HIV-infected individ-
uals were twenty times more likely to be infected with Salmonella; once infected,
they were five times more likely to have it spread to their bloodstream.41 Unlike
healthy persons who usually require no therapy for Salmonella, AIDS/HIV
patients need to take antibiotics daily to prevent recurrent septicemia (a severe
bacterial infection of the blood).

Since the development of improved HAART therapies in the 1990s, Salmon-
ella has become less prominent in AIDS patients, but other foodborne and
waterborne bacterial pathogens continue to plague this vulnerable population.
Compared with the average person, infections by Campylobacter (the most preva-
lent bacterial foodborne pathogen in the United States) are 39 times more likely
in AIDS patients;42 Listeria infections are more than 60 times more common in
HIV-infected individuals, and 145 times more likely in people with full-blown
AIDS.43 Other bacterial infections, such as tuberculosis, continue to complicate
HIV disease; indeed, worldwide, bacterial infections are a principal cause of death
in HIV-infected people,44 with antibiotic-resistant infections a particular threat.

Finally, it is important to remember that the HIV virus is highly adaptable.
Researchers, clinicians, and patients all expect that the current lull in disease activity
will rapidly end as the virus becomes resistant to the HAART drugs. When this
happens, infectious complications of HIV disease will increase. This provides yet
another reason for guarding the efficacy of antibiotics for the treatment of HIV
and AIDS patients.

Other at-risk groups—and everyone else
Many other groups will also be affected if antibiotic resistance continues to worsen.
For example, rheumatoid arthritis affects more than 2 million Americans.45 Some
of the medications, such as steroids, that these arthritis sufferers take to control
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their disease also inhibit their immune system. Because the aging process also
tends to weaken the vigor of the immune system,46 older patients on such med-
ications may be especially susceptible to bacterial infections—and concomitantly
vulnerable if antibiotics lose their effectiveness.

Another example comes from the other end of the age spectrum: the children
and growing number of young adults with cystic fibrosis. Although they are bene-
fiting from new therapies, such as lung transplants, these patients are highly
dependent on antibiotics for their survival.47 Increases in antibiotic resistance
without replacement medications or alternative therapies could reverse this outcome.

The preceding discussion focuses on groups with particular medical condi-
tions, but it should be noted that even the healthiest individuals may need, for
instance, surgery following an automobile or other kind of accident. Any surgery
carries with it the risk of infection, and hospital-acquired infections are increas-
ingly likely to involve antibiotic-resistant organisms.48 And even the hale and
hearty occasionally develop pneumonia, severe food poisoning, or other bacterial
illnesses that need to be treated with antibiotics. Therefore, preserving the effec-
tiveness of antibiotics is an important goal for everyone.
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Overview
Antibiotics are used for several distinct purposes.1 The best known are those
described in Chapter 1, namely treating people for illnesses caused by bacteria.
Similarly, when dogs, cats, and other companion animals have bacterial diseases,
they may be treated with antibiotics. In the United States, these uses generally
require a prescription by a physician or veterinarian.2

Less well known is the widespread use of antibiotics in agriculture,3 mostly in
food animals (predominantly cattle, swine, and poultry).4 Such uses generally do
not occur via prescription.5

Antibiotics are often used inappropriately in both human medicine and agri-
culture. Physicians sometimes prescribe antibiotics when they should not, for
example, for patients who expect to receive a prescription when they visit the doc-
tor’s office—even if their illness is caused by a virus and thus is not treatable with
antibiotics. Indeed, it has been estimated that between 20 and 50 percent of the
outpatient prescriptions for antibiotics in the 1990s were unnecessary.6 In recent
years, significant efforts have been made to educate physicians and patients alike
about the importance of not using antibiotics unnecessarily.7

Some uses of antibiotics in agriculture are increasingly controversial. Because
agricultural uses of antibiotics are not widely known, the next section provides
additional details on this topic.

Antibiotics in animal agriculture8

Antibiotics are used in two ways in raising food animals: therapeutically, to treat
bacterial disease in sick animals, and nontherapeutically, to promote slightly faster
growth and prevent disease in healthy animals, particularly at intensive agricul-
tural operations (also known as Confined Animal Feeding Operations, or CAFOs,
sometimes called “factory farms”).9 A few therapeutic uses in animal agriculture
require a veterinarian’s prescription, but nontherapeutic uses never do. Nonthera-
peutic antibiotics are added to feed, usually by the feed producer, though some-
times by the farmer. Indeed, sacks or containers of antibiotics, often by the pound,
are available for anyone to purchase in many farm-supply stores.

Nontherapeutic antibiotics are given to animals in relatively low doses in feed
or water over an extended period. According to a leading expert, this practice con-
stitutes “the perfect formula for selecting increasing numbers of resistant bacteria
in the treated animals,”10 because it kills the susceptible bacteria while leaving the
resistant strains to reproduce. Of particular concern is the nontherapeutic use of
antibiotics that are identical to, or closely related to, antibiotics also used to treat
human illnesses—for example, penicillin, tetracycline, and erythromycin.

In June 2001, the American Medical Association adopted a formal resolution
opposing the nontherapeutic use of antibiotics in animal agriculture.11 Other
groups on record as opposing this practice include the American Public Health
Association,12 the Council of State and Territorial Epidemiologists,13 the National
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Association of State Public Health Veterinarians,14 and the World Health Orga-
nization.15 In October 2001, the prestigious New England Journal of Medicine
published a guest editorial concluding that the available data constitutes a “smok-
ing gun” that warrants a ban on nontherapeutic uses and restrictions on certain
therapeutic uses of antibiotics in animal agriculture.16

Consistent with the World Health Organization’s recommendations, in 1999
the European Union banned several medically important antibiotics from use as
growth promoters in agricultural animals. Both Sweden and Denmark have gone
even further: in 1986 Sweden banned all nontherapeutic uses of antibiotics,17 and
Denmark phased them out between 1995 and 1999.18 Both countries instituted their
bans largely at the initiation of farmers, in order to restore consumer confidence in
meat-production systems. Both nations continue to have robust meat-production
industries and use significantly lower quantities of antibiotics overall. Neither
country, though, has restricted use of therapeutic antibiotics to treat sick animals.
Finally, the European Union is reportedly considering phasing out the last four
antibiotics and related compounds now approved for nontherapeutic use.19

To date, the United States has not placed any restrictions on the nonthera-
peutic use of antibiotics in animal agriculture based on resistance concerns. In
1999, the National Academy of Sciences estimated that the elimination of such
uses in poultry, cow, and swine production would cost U.S. consumers only about
$5 to $10 per person annually.20

In addition to concerns about using antibiotics in healthy animals, those used
to treat illness in agricultural animals can also present problems, particularly for
antibiotics that play key roles in treating human illness. In October 2000, the U.S.
Food and Drug Administration (FDA) proposed banning a class of antibiotics
known as fluoroquinolones from use in poultry, based on evidence that resistance
to this type of drug in some human pathogens has risen dramatically since 1995,21

when fluoroquinolones were approved for use in poultry. Fluoroquinolones are
the drug of choice in treating severe foodborne illnesses in humans. Although one
manufacturer of the drug (Abbott Laboratories) immediately phased out produc-
tion, the other (Bayer Corporation) has contested the ban. As of November 2001,
the drug remains in use on poultry farms despite concerns expressed by the Amer-
ican Medical Association and other health experts and advocacy groups.22

Quantities of antibiotics used
Remarkably, no authoritative statistics are available on the overall quantity of
antibiotics used annually in the United States, nor are there authoritative statistics
on the quantity used in either human medicine or animal agriculture. Some
experts estimate that agricultural use of antibiotics accounts for about 80 percent
of all antibiotics sold in the United States, with the lion’s share—roughly 70 per-
cent of the total—being used nontherapeutically.23 More than half these anti-
biotics are now used in human medicine or are so closely related to human-use
drugs that they trigger cross-resistance. Although agribusiness groups assert that
the nontherapeutic agricultural use of antibiotics is substantially lower, they have
not made public the basis for their calculations (other than as a one-page press
release without explanatory methodology).24 The summary data provided by the
industry do, however, acknowledge the use of 20.5 million pounds of antibiotics
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annually in animals (9.7 million pounds of which are compounds that are not
antibiotics in the narrow sense of that term).25

It is important to note that “use” does not equate directly with “contribution
to resistance in human medicine.” Scientists cannot now determine what fraction
of antibiotic resistance in human pathogens arises from agricultural versus med-
ical use of antibiotics. Indeed, the complexity of the issue makes it unlikely that
such an apportionment will be feasible any time in the reasonable future. But it is
clear that while medical use of antibiotics is a major contributor to the emergence
of antibiotic resistance, agricultural uses also pose a problem. The vast quantity of
antibiotics used in agriculture unquestionably increases the numbers of resistant
bacteria throughout the environment as well as on food products and thus con-
tributes significantly to this growing health threat.

Pathways of exposure: from farm to human
When medical overuse of antibiotics gives rise to resistant bacteria, they do not
have far to travel before colonizing or infecting humans. In addition to the indi-
vidual in whom the resistant bacteria first emerge, such bacteria can spread to that
person’s doctors, nurses, health-care aides, family, friends, and even nearby inani-
mate objects.26 Although some types of bacteria are easily dislodged by washing
one’s hands and taking similar precautions, others are far more tenacious and
harder to control.

The route that resistant bacteria take from agriculture to humans, however, is
more complex.27 In a nutshell, these pathways can be summarized as food, envi-
ronment, and the workplace.28 Each is discussed below.

FOOD
Resistant bacteria can contaminate carcasses during slaughter and wind up on raw
meat that reaches the consumer (whether in a private home, restaurant, or institu-
tional kitchen).29 If the meat is not cooked thoroughly, if cutting boards or knives
are not thoroughly washed before being used for other food, or if raw meat juices
are splashed onto other food or utensils, these bacteria can infect people who eat
the food or use the utensils.

Foodborne illness is not uncommon. For example, Salmonella and Campy-
lobacter from foodborne sources cause more than 3 million illnesses and 600 deaths
annually.30 Of course, disease-causing bacteria on meat are bad news even if they
are not resistant, but at least antibiotics can be used to treat people who get seri-
ously sick from such infections. (While most foodborne illnesses are of the “stom-
ach bug” variety, a recent study in the New England Journal of Medicine found that
one type of resistant Escherichia coli, potentially related to the ingestion of conta-
minated foods, was the cause of urinary tract infections in women located in sev-
eral regions of the United States.31) 

ENVIRONMENT
The nearly 2 trillion pounds of animal waste produced each year in the United
States32 contain significant amounts of bacteria.33 Moreover, because as much as
75 percent of an antibiotic may pass undigested through an animal, its waste can
contain antibiotics as well as antibiotic-resistant bacteria and their genes.34 Such
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waste is often stored in open-air lagoons and/or spread on fields. Many of the
lagoons are not lined and so are prone to leaking or breaking, thereby releasing
the animal waste to surface and ground water.35 In addition, manure spread on
agricultural fields may contaminate vegetables and fruits, which can then transfer
resistant bacteria to humans.

Many bacteria (pathogenic and otherwise) can live in both humans and ani-
mals, and many also can live in the general environment. Some cause disease in
both humans and animals; others, in one but not the other. Animals and/or the
environment may serve as “reservoirs” of human pathogens, or resistance genes
that can be easily transferred from innocuous to pathogenic bacteria.

WORKPLACE
Workers at animal-agriculture operations may become infected with resistant bac-
teria in the course of caring for animals fed antibiotics, and they may then pass
those bacteria along to their family and others in their community.36 Some of the
most dangerous multidrug-resistant “superbugs,” in fact, have been found in chil-
dren and adults who have close contact with food animal production.37

Combating antibiotic resistance
In the words of the Centers for Disease Control and Prevention, “Decreasing
inappropriate antibiotic use is the best way to control resistance.”38 Achieving this
goal will require action by businesses, governmental leaders, and individuals, as
patients, consumers, and citizens. The following paragraphs describe the steps
that each of these groups can—and should—take to help combat this looming
health crisis.39

First, though, a short note on terminology. As used below, the phrase “medically
important antibiotics” refers to those antibiotics that are currently used in treating
human disease or similar antibiotics that trigger cross-resistance to human-use
drugs. It also includes antibiotics that appear to be plausible candidates for med-
ical purposes in the future (and those that promote cross-resistance to such drugs).
The latter category is included because of recent experience with virginiamycin,
which was used as a growth promoter beginning in 1974. Although virginiamycin
had long been regarded as too toxic for use in humans, a close analog to virgini-
amycin was introduced for human use in the late 1990s. It was called Synercid
and was critically important for treating certain pathogens that had become resis-
tant to all other available antibiotics. Unfortunately, even before Synercid was
approved for human use, Synercid-resistant bacteria were already showing up in
people—a possible legacy of years of using virginiamycin in agriculture.40 The les-
son from Synercid is that some of the antibiotics used today only in animals may
become tomorrow’s newest lifesaving drugs for humans—particularly as resistance
continues to spread, thus shrinking the availability of other effective antibiotics.41

Actions by governmental and corporate decisionmakers
1. Producers of meat and poultry should discontinue the nontherapeutic use of

medically important antibiotics, and pharmaceutical companies should stop
producing antibiotics for such use in food animals.
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2. Companies that market meat and poultry, including supermarkets, restaurants,
and fast-food chains, should voluntarily stop selling products that have been
produced with medically important antibiotics; they should also inform con-
sumers of the availability of products produced without such antibiotics.

3. Congress or the U.S. Food and Drug Administration (FDA) should mandate a
phaseout of the nontherapeutic use of medically important antibiotics in ani-
mal agriculture.

4. FDA should promptly finalize its proposal to ban fluoroquinolone antibiotics
from use in poultry, to help combat increased resistance to this antibiotic, which
is crucial in treating severe cases of foodborne illness in humans. The Bayer
Corporation, the only remaining manufacturer of fluoroquinolones for poultry,
should stop opposing the ban and voluntarily withdraw its product from the
market.

5. Congress or FDA should require the collection of accurate data on the produc-
tion and use of antibiotics in both human medicine and animal agriculture, and
that information should be made available to the public.

6. Congress should provide adequate funding to FDA, Centers for Disease Control
and Prevention, U.S. Geological Survey,42 and other agencies that are involved
in combating antibiotic resistance and/or gathering data on the problem.

Actions by consumers and citizens
1. Consumers should select meat, either at the grocery store or in restaurants,

that has been produced without the use of medically important antibiotics. A
directory of restaurants and grocers selling such meat is available at www.Keep-
AntibioticsWorking.com/guide.

2. Citizens should urge policymakers in Congress and FDA, as well as corpora-
tions, to take the steps listed above. All our voices are needed, especially those
who have had personal experience—as a patient, family member, friend, or
health-care professional—in dealing with an antibiotic-resistant infection.

Actions by patients 
The Centers for Disease Control and Prevention offer the following tips for patients:43

1. Antibiotics intended for bacterial infections should not be taken for viral infec-
tions such as colds, coughs, or the flu.

2. If your health-care provider determines that you do not have a bacterial infec-
tion, ask about ways to help relieve your symptoms. Do not pressure your
provider to prescribe an antibiotic.

3. Take the medicine exactly as your health-care provider prescribes.
4. Take the antibiotic until you have finished it, even if you are feeling better

before it is gone. Do not save the medication to treat yourself or others later.

Conclusion
Although antibiotic resistance poses a threat to everyone, several groups are especially
vulnerable: children, seniors, and persons with compromised immune systems and
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certain other medical conditions. These groups will be hardest hit if recent trends
in the spread of resistant bacteria continue unchecked. Halting those trends will
require curtailing the unnecessary and inappropriate use of antibiotics in both
human medicine and animal agriculture. Unless we act now, we will face a future
of untreatable bacterial infections, and children, seniors, and those with health
problems will pay the biggest price.
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