Introduction

Bacterial resistance to antibiotics continues to
curb our ability to treat, cure and control infec-
tious diseases. Antibiotics, often touted as one of
the most important discoveries of modern medi-
cine, are losing ground to bacteria that are now
resistant to several drugs. The irony, of course, is
that antibiotics developed to control bacteria have
instead strengthened them, leading to drug-resis-
tant bacteria against which antibiotics are ineffec-
tive. Antibiotic resistance was initially found only
in hospitals where most antibiotics are still used,
but resistance is now a serious problem in the
community as well. Infectious diseases that were
once easily treated with antibiotics now often
thwart treatment. Two organisms in particular that
have become major public health threats are me-
thicillin-resistant Staphylococcus aureus and peni-
cillin-resistant Streptococcus pneumoniae.

The speed at which bacteria can develop antibi-
otic resistance has made it clear that these drugs
are less of a “miracle” than they were once touted
to be. While designed to be selective for bacteria
and not host cells, antibiotics are not selective
enough to distinguish the pathogenic from com-
mensal bacteria. Consequently, antibiotic use al-
ters the microbial ecology by decimating suscep-
tible flora and favoring growth of bacteria that
possess resistance traits. These bacteria that pos-
sess antibiotic resistance traits can then pass these
traits on to future bacterial generations or to
pathogens.

Itis clear that the fight to control bacterial patho-
gens is far from won. Scientists are now attempt-

ing to develop new classes of antibiotics that uti-

Bacteria Battle Back: Addressing Antibiotic Resistance 1



lize different mechanisms for which bacteria have
yet to evolve resistance. In addition, research is
ongoing to develop methods to revive susceptible
commensal flora within human and animal hosts.
At the same time, there must be broad,
multidisciplinary educational programs dedi-
cated to teaching the public as well as health care
professionals about the appropriate use of anti-
biotics in humans, animals and agriculture.
Increasing awareness of the problem of antibiotic
resistance in the community and the threat that re-
sistant bacteria may pose is a key first step in ad-
dressing this problem. Training health care practi-
tioners to identify potential pathogens accurately
and to treat them with effective agents and appro-
priate regimens are important additional steps.
Patient education is also crucial in ensuring that
the public understands and participates in efforts
to control the spread of antibiotic resistant bacte-
ria. This continuing education program describes
the problem and provides concrete guidelines for
improving antibiotic use in the community and

within institutional health care settings.

Stuart B. Levy, MD
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Bacteria Battle Back:
Addressing Antibiotic

Resistance

Costs Related to Antibiotic
Resistance

At the turn of the 21st century it
had been nearly 70 years since anti-
biotics were first introduced to treat
bacterial infections. During this time
antibiotics saved countless lives;
and for a while it seemed that man-
kind possessed the means to over-
come almost any bacterial infection.
Unfortunately, in recent years, con-
cern and fear have replaced this con-
fidence because antibiotic-resistant
bacteria have emerged. Antibiotic re-
sistance is now a global problem that
requires action by all health care
providers, patients, industry and
government to decrease the preva-
lence and costs (both human and fi-
nancial). This action must include
research, education, surveillance
and behavioral change.

The cost of antibiotic resistance
in terms of both lives lost and dol-
lars spent has become quite signifi-
cant. The World Health Organiza-
tion (WHO) reports that approxi-
mately 14,000 individuals die each
year in the United States as a result
of infections from antibiotic-resistant
organisms. Worldwide, the WHO be-
lieves drug-resistant bacteria account
for up to 60 percent of hospital-ac-
quired infections. A 1995 study re-
ported that antibiotic-resistant S.

aureus infections were responsible for
nearly 1,500 deaths just in New York
city and that treatment costs were
$500 million." Also in 1995, it was
conservatively estimated that the na-
tionwide cost of antibiotic resistance
was at least $1.3 billion.

Some of the resistant pathogens
of the most immediate concern to
health care professionals are listed
in Table 1. One of these organisms,
methicillin-resistant S. aureus(IMRSA)
is one of the most common antibi-
otic-resistant bacteria found in hos-
pitals and health care facilities.?
MRSA residing on the skin and in
the upper respiratory passages is
easily spread from person to person,
as is the closely related methicillin-
resistant Staphylococcus epidermidis.
More than 90 percent of S. aureus
strains are resistant to penicillin and
related antibiotics. Several cases of
infection caused by S. aureus in
which the organisms were fully re-
sistant to methicillin and partially
resistant to vancomycin have been
reported in the United States.’*
These organisms are classified as
vancomycin-intermediate S. aureus
and are of particular concern be-
cause they may herald the develop-
ment of vancomycin-resistant
strains of this organism.

Enterococcus species are an-
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other major cause of drug-resistant
infections in hospitals and, more re-
cently, in the community. Of particu-
lar concern are vancomycin-resis-
tant enterococci (VRE). These organ-
isms are generally hospital-based
pathogens found on the skin and in
the gastrointestinal tract. They can
be easily spread from patient to pa-
tient and from health care worker to
patient. The prevalence of organisms
resistant to vancomycin is increas-
ing and is troublesome because van-
comycin has been the last line of de-
fense against many gram-positive
bacteria resistant to other traditional
antibiotics. Penicillin-resistant pneu-
mococcus (PRP) is a respiratory
pathogen that generally is associ-
ated with community-based respira-
tory illness. As many as 40 percent
of pneumococci strains in some parts
of the United States are completely
resistant to penicillin and a number
of other antibiotics. In addition to
penicillin-resistant strains, organ-
isms that are resistant to other anti-
biotics such as erythromycin,
chloramphenicol and cephalospor-
ins also have been reported recently.®
These organisms are designated
drug-resistant pneumococci (DRP).
Tuberculosis, caused by Mycobac-
terium tuberculosis, is still a leading
cause of mortality worldwide. The
WHO predicts more than 30 million
people will die of tuberculosis in the
next 10 years unless global control
measures are successfully imple-
mented. The emergence of antibiotic-
resistant tuberculosis strains in devel-
oping countries has further compli-
cated successful treatment of this dis-

Table 1.

Antibiotic-Resistant Organisms of Major Concern to Health Professionals

HOSPITAL-ACQUIRED COMMUNITY-ACQUIRED

Methicillin-resistant

Staphylococcus aureus (MRSA)
Vancomycin-intermediate S. aureus(VISA)
Vancomycin-resistantenterococcus (VRE)
Enterobacter
Pseudomonas
Klebsiella

Penicillin-resistantpneumococcus (PRP)
Escheria coli-

extended-spectrum B-lactamases (ESBL)
Neisseria gonorthoae
Haemophilusinfluenza
Mycobacterium tuberculosis

ease. This resistance is notjusta prob-
lem in the developing world. The re-
cent resurgence of tuberculosis in the
homeless and HIV-infected popula-
tions in developed countries has also
become a source of great concern to
the health care community. These or-
ganisms are particularly prone to be-
coming antibiotic resistant in popu-
lations such as the homeless whose
health care is monitored less closely
and who are less likely to comply with
complex medication regimens. Other
bacteria being watched for emerging
resistance to antibiotics include Neis-
seria gonorrhoae,” which is responsible
for gonorrhea, H. pylori,® which is as-
sociated with gastric disease, and
nonfermentative gram-negative bacte-
ria such as Pseudomonas aeruginosa.’

Epidemiology of Antibiotic
Resistance

The origins of antibiotic resis-
tance in microorganisms are of par-
ticular interest to scientists studying
the general problem of drug resis-
tance. Itis not entirely clear whether
antibiotic-resistant bacteria arose
with the development and clinical
use of antibiotics or if resistant or-

ganisms were present in the envi-

ronment before the widespread use
of antimicrobials. Researchers have
examined bacteria that predate the
discovery of antibiotics taken from
populations never exposed to anti-
biotics. Investigators have reported
evidence of some low-level resis-
tance to antibiotics, but overall the
bacteria studied were sensitive to
most antibiotics prior to expo-
sure.’*! This finding suggests that
while some genes for antibiotic re-
sistance likely predate widespread
antibiotic use, widespread resis-
tance emerged to a major extent af-
ter widespread antibiotic use. It is
reasonable to assume that these
genes served a protective function in
bacteria exposed to the many natu-
rally occurring antibiotics produced
by other microorganisms in the en-
vironment. The frequency, diversity,
and specificity of these antibiotic
resistance genes likely all increased
as the microorganisms were ex-
posed to increasing amounts of new
and synthetic antibiotics being used
to treat and prevent disease.

When considering the problem
of genetic resistance in bacteria, it is
important to understand that bacte-
ria multiply rapidly and continually
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exchange genetic information. In
addition, many bacteria frequently
transfer between animal, human and
plant hosts. While antibiotic resis-
tance may be an intrinsic property
of a particular organism (with the
genes for antibiotic resistance found
within the chromosomal DNA), it is
more likely that most bacteria ac-
quire their resistance genes from
other resistant organisms.

We now know that many of the

Table 2

genes that confer antibiotic resis-
tance to a particular organism are
found on circular, self-replicating
strands of DNA called plasmids.
Bacteria transfer these plasmids
during a process called conjugation.
This appears to be a major mecha-
nism for spreading antibiotic resis-
tance among bacteria. Moreover, the
actual genes for antibiotic resis-
tance often lie on regions of the plas-
mid called transposons, or “jumping

Genetic Transfer Mechanisms of Antibiotic Resistance

1. TRANSPOSITION

The exchange of bacterial DNA containing antibiotic resistance genes during conjugation.

2. TRANSDUCTION

Bacteriophage transfer of antibiotic resistance genes between the bacteria they infect.

3. TRANSFORMATION

Live bacteria incorporate antibiotic resistance genes that are released by dead bacteria

into the environment.

Table 3

Four Mechanisms of Antibiotic Resistance

ENZYMATIC DESTRUCTION OR MODIFICATION OF ANTIBIOTICS

¢ Active efflux pumps
o “Multi-drug” efflux pumps

fluoroquinolones and rifampicin

* B-lactamases (narrow- or extended-spectrum)
¢ Aminoglycoside-modifying enzymes (acetylase, adenylase, phosphorylase)

DECREASED UPTAKE OF ANTIBIOTIC INTO BACTERIUM

* Reduced permeability of bacterial membranes and cell wall
* Altered structure or reduced number/affinity of drug (porin) channels
¢ Reduced electrochemical gradient for transport

INCREASED REMOVAL OF ANTIBIOTIC FROM BACTERIUM

~ ALTERATION OF BACTERIAL TARGETS

¢ Mutated penicillin-binding proteins no longer bind B-lactam antibiotics
* Mutated DNA gyrase, topoisomerase, polymerase enzymes are no longer inhibited by

* Altered bacterial ribosomes no longer allow aminoglycoside antibiotics to bind
* Development of resistant metabolic pathways in which key enzymes are no longer
inhibited by antibiotics (e.g., trimethoprim and tetrahydrofolate reductase)

genes,” which are pieces of DNA
that can readily move to and from
DNA molecules. This process of
gene exchange via transposons is
called transposition. The second
mechanism by which genes for an-
tibiotic resistance may be spread
amongst a bacterial population is
bacteriophage transduction. Bacte-
riophages are viruses that infect
bacteria. In the course of their in-
fectious cycle, they can transfer seg-
ments of bacterial genomes between
the microorganisms they infect. Fi-
nally, bacteria may acquire antibi-
otic resistance genes through the
process of transformation. When bac-
teria die they release into the envi-
ronment their DNA, which may
contain genes for antibiotic resis-
tance. Other viable bacteria can
readily take up this DNA and in-
corporate the genes into their own
genome. These resistance genes en-
code information responsible for a
number of resistance mechanisms.
The genetic transfer mechanisms of
genes for antibiotic resistance are
summarized in Table 2.

Mechanisms of Antibiotic
Resistance

With continued exposure to an-
tibiotics, bacteria have developed
numerous mechanisms for overcom-
ing the effects of these drugs (see
Table 3). These antibiotic-resistance
mechanisms are not mutually exclu-
sive and most likely resistant organ-
isms use various mechanisms con-
currently. The antibiotic-resistance
mechanisms that have been identi-
fied thus far include:
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1. Enzymatic modification or de-
struction of the antibiotic. The bac-
terial genome may code for the pro-
duction of enzymes that are capable
of inactivating or destroying a par-
ticular antibiotic. One common bac-
terial enzyme is b-lactamase, which
is capable of splitting the b-lactam
ring that comprises the nucleus of
carbapenem, cephalosporin, mono-
bactam and penicillin antibiotics.
Currently, more than 200 distinct
types of b-lactamases have been
identified. These b-lactamases may
either have a narrow spectrum and
act only against a specific b-lactam
antibiotic, or they may be extended-
spectrum b-lactamases (ESBLs) ca-
pable of conferring resistance to mul-
tiple antibiotics. A second group of
aminoglycoside-modifying enzymes
has also been characterized. These
enzymes are capable of altering the
structure of aminoglycoside antibiot-
ics through acetylation, adenylation
or phosphorylation. Covalent modi-
fication of the aminoglycoside anti-
biotics by these enzymes may lead to
their inactivation or impair their abil-
ity to enter the bacterial cell. More
than 20 of these particular enzymes
have been identified.

2. Decreased uptake of antibiotic
into bacteria. Many gram-negative
bacteria are intrinsically somewhat
resistant to b-lactam antibiotics be-
cause of their outer membrane im-
permeability. While membrane per-
meability varies from organism to or-
ganism, any genetic mutation that
further decreases membrane perme-
ability to antibiotics will confer
greater resistance to that organism.

As a consequence of their low cell
membrane permeability, gram-nega-
tive bacteria must use membrane
proteins called porins that act as
channels by which hydrophilic sub-
stances, including antibiotics, can
get inside the bacteria cell. Genetic
mutations that alter the number or
configuration of porin channels in
the bacterial membrane can reduce
the ability of antibiotics to enter that
particular organism. In cepha-
losporin-resistant enterobacteria, for
example, there are reduced numbers
of porin F molecules —the main
channels by which the cephalospor-
ins enter cells.”” The specific porin
molecules that allow imipenem to
enter bacterial cells are essentially
absent in imipenem-resistant en-
terobacteria.’*'* In addition to the b-
lactam antibiotics, resistance to
chloramphenicol, quinolones and
trimethoprim may also be partially
attributed to changes in bacterial
uptake of these agents.

A novel antibiotic-resistance
mechanism was recently described
for small-colony variants of sta-
phylococcus in which these bacte-
ria had a reduced rate of electron
transport chain activity. Because of
this reduced activity, they did not
produce sufficient electrochemical
gradients necessary to transport
aminoglycoside antibiotics into the
cell.® Furthermore, because these
organisms have a slow growth rate,
the overall effectiveness of cell-wall
active antibiotics such as the b-
lactams is significantly reduced.

3. Increased removal of antibiotic
from bacteria. Another recently

characterized mechanism of antibi-
otic resistance involves active drug
efflux pumps. These energy-driven
protein pumps traverse the inner
and outer membranes of bacteria
and rapidly transport antibiotics out
into the environment. It is likely that
these membrane pumps operate to
varying degrees in almost all bacte-
ria and serve as a protective mecha-
nism against environmental toxins.
Many bacteria have numerous drug
efflux pumps with varying specific-
ity. Two main types of efflux pumps
with a wide affinity for various an-
tibiotics have been identified in
gram-negative organisms.’

These “multi-drug” efflux
pumps are likely key contributors to
antibiotic resistance in gram-nega-
tive organisms, along with b-
lactamases and reduced cell perme-
ability. Antibiotics with hydropho-
bic domains (b-lactams and
fluoroquinolones, for example) ap-
pear to be most susceptible to re-
moval by efflux pumps, while hy-
drophilic compounds such as
aminoglycosides and vancomycin
appear to be less so. A number of
antibiotic-resistant organisms such
as Campylobacter jejuni, E. coli, N.
gonorrhoea and P. aeruginosa report-
edly have elevated expressions of
multi-drug transport efflux pumps.
This expression markedly reduces
the effectiveness of antibiotics
against these particular species.

4. Alteration of bacterial targets.
Antibiotics act at anumber of differ-
ent sites in the bacterial cell. b-
lactams exert their therapeutic effects
by binding bacterial proteins called
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Table 4

Factors Contributing to Antibiotic Resistance

1. Widespread antibiotic use in livestock, agriculture and veterinary medicine

2. Unnecessary antibiotic use

3. Patient compliance

* Prescriptions for antibiotics are not filled, not taken correctly, not taken to completion

4. Exposure to antimicrobial soaps, solutions and lotions

¢ Unskilled health practitioners
* Misuse of antibiotics
* Poor-quality drugs

* Poorsurveillance and compliance
* Poverty and poor hygiene

5. Socioeconomic consideration in developing countries

* Antibiotics widely available through non-professional channels

penicillin-binding proteins (PBPs).
When b-lactam antibiotics are bound
to intracellular PBPs, bacterial pep-
tidoglycan cell wall synthesis is in-
hibited and bacterial cell wall integ-
rity is disrupted. In contrast,
fluoroquinolone antibiotics target
DNA gyrase and topoisomerase en-
zymes that regulate bacterial DNA
coiling. Aminoglycoside antibiotics
bind to bacterial ribosomes and in-
terfere with protein synthesis.
Rifampicin exerts its effect on bacte-
rial cells by blocking the enzyme
RNA polymerase. Sulfonamide an-
tibiotics and trimethoprim inhibit the
essential metabolic pathway for
tetrahydrofolic acid synthesis in bac-
teria. For all of these mechanisms, ge-
netic mutations have arisen in which
the bacterial target enzyme or pro-
tein becomes altered so it no longer
binds to, or is inhibited by, an anti-
biotic. In the case of the b-lactam an-
tibiotics, mutated penicillin-binding
proteins will no longer bind to b-
lactam drugs. Similar mutations oc-
cur with bacterial DNA gyrase, DNA

polymerase and ribosomal proteins
so they no longer act as substrates
for their specific antibiotics. Bacte-
rial mutation also leads to the de-
velopment of resistant metabolic
pathways in which key enzymes are
no longer inhibited by antibiotics.
For example, a mutation or overpro-
duction of tetrahydrofolate reduc-
tase by resistant bacteria overcomes

trimethoprim inhibition.

Factors Contributing to
Antibiotic Resistance
Antibiotic use in human medi-
cine is widely accepted as the pri-
mary factor driving development of
antibiotic resistance in human
pathogens. Use of antibiotics in
other settings also contributes to the
resistant gene pool where antibiotic
resistance can emerge and spread.
In recent years, the direct relation-
ship between increased antibiotic
use and the development of resis-
tance has become increasingly
clear.”” Using antibiotics to treat and
prevent bacterial disease in humans,

animals and agriculture has grown
rapidly in the last few decades.”® A
result of this increased antibiotic use
is that more microorganisms are ex-
posed to antibiotics. Exposure to an-
tibiotics appears to be the principal
risk factor for emergence and selec-
tion of antibiotic-resistant bacteria
(see Table 4).

Nearly 50 percent all antibiot-
ics produced are used to treat in-
fected livestock and to encourage
growth in livestock and poultry.
Drugs such as streptomycin and ox-
ytetracycline are now routinely used
to prevent bacterial diseases in fruits
and vegetables. Antibiotics are also
added to livestock feed or otherwise
administered prophylactically to
domestic animals used for meat and
dairy production as well as to hon-
eybees and farm-raised fish.

Another way exposure is in-
creased is through the use of chemi-
cal disinfectants in soaps and deter-
gents—a growing trend. This has
been a matter for recent concern since
a number of bacterial species have
arisen that are less sensitive to com-
monly used biocide antiseptics, dis-
infectants and preservatives.” In-
creased use is particularly distress-
ing because there is no evidence of
effectiveness. According to the
American Medical Association,
there are no scientific data proving
antimicrobial soaps have any infec-
tion-fighting benefit compared to
standard soap and water. As a re-
sult, the AMA’s Council on Scien-
tific Affairs recently released a state-
ment urging the FDA to more closely
regulate use of antimicrobial agents
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in products such as soaps, lotions
and washes. The Centers for Dis-
ease Control (CDC) currently recom-
mends using ordinary soap and
water solutions instead of antimi-
crobial products and the U.S. Food
and Drug Administration has re-
cently issued guidelines advising
against adding biocides to soap
products.

The inappropriate or unneces-
sary clinical use of antibiotics is a
key factor contributing to the in-
creased numbers of antibiotic-resis-
tant bacteria. CDC has estimated that
one-third of the total number of pre-
scriptions written yearly for antibi-
otics may be unnecessary. Antibiot-
ics are often prescribed when the
organism causing a particular infec-
tion is unknown and, as in the case
of the common cold, is of viral ori-
gin. Fear of potential malpractice liti-
gation may also motivate physicians
to prescribe antibiotics in cases
where their use might not be essen-
tial. Patients and health care profes-
sionals (including physicians, phy-
sician assistants, pharmacists, po-
diatrists, nurse practitioners and
physician’s assistants) all share re-
sponsibility for such inappropriate
use. Any unnecessary use, regard-
less of where it occurs, contributes
to the global emergence of resistance.

Patients who do not take their
medications as directed or who do
not finish the course of their treat-
ment risk exposing bacteria to sub-
lethal concentrations of antibiotics,
thus breeding more dangerous bac-
teria. The high cost of certain antibi-
otics may contribute to decisions by

low-income or uninsured patients to
discontinue or not renew prescrip-
tions for some drugs. Patients may
chose not to complete the current
course of therapy and save some of
their prescription medications
should another illness arise. Inad-
equate doses or duration of therapy
contributes to resistance whether a
result of poor patient compliance, in-
adequately dispensed drug product
or a poorly designed dosing regimen.

An epidemic of antibiotic resis-
tance exists in many developing
countries where various socioeco-
nomic and behavioral factors create
a prime environment for such bacte-
rial strains.”® These behavioral fac-
tors include misuse of antibiotics by
unskilled health professionals, poor
drug quality and the widespread
over-the-counter availability of an-
tibiotics through untrained or unli-
censed practitioners. In many third-
world countries, antibiotics can be
purchased without a prescription
from pharmacies, at outdoor mar-
kets or from parapharmacies with
unqualified staff. Often these drugs
are of dubious origin and quality.
Poor compliance and a lack of eco-
nomic resources may mean that even
when antibiotics are correctly pre-
scribed, the appropriate doses and
time course are not followed. Inad-
equate surveillance and unhygienic
conditions that foster the spread of
resistant bacteria further compound
the problem.

The evolution of antibiotic resis-
tance is a growing problem in the
United States and around the world.
Increased exposure to antibiotics

through unnecessary and inappro-
priate use in human medicine, agri-
culture and food production con-
tribute to the problem and help breed
more dangerous bacteria. As a mat-
ter of survival, bacteria continue to
develop novel ways of resisting an-
tibiotics. To address this global prob-
lem, two predominant health orga-
nizations, WHO and CDC, have es-
tablished practical guidelines and
goals for scientists and practitioners
toresearch and develop new drugs,
monitor the development of resis-
tant bacteria, prescribe accurately,
prevent infection and educate the
public on antibiotic resistance and
their role in preventing it.

Guidelines for Controlling
Antibiotic Resistance
Certain organizations includ-
ing the CDC, the Alliance for the
Prudent Use of Antibiotics (APUA),
and WHO have long served as lead-
ers in developing programs to curb
antibiotic resistance and improve
antibiotic use. The CDC has identi-
fied surveillance, research and de-
velopment, and prevention and con-
trol as the major programs needed
to combat antibiotic resistance.?
Surveillance of antibiotic resis-
tance patterns and associated anti-
biotic-use patterns, both nationally
and internationally, are of primary
importance in demonstrating and
understanding antibiotic resistance.
Reliable drug-susceptibility and an-
tibiotic use information must be
made available to health care provid-
ers and governments. By identifying
known resistance and inappropriate
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antibiotic use patterns these groups
can optimize treatment strategies to
contain antibiotic resistance and
move toward eradicating important
infections.** Further, by monitoring
antibiotic resistance in agricultural
settings, plant and animal health can
be ensured, leading to a safer food
supply and a healthier population.
Applied microbial and product
development can begin once drug-
susceptibility information is avail-
able, linking laboratory science and
bacterial resistance patterns. By
knowing the risk factors for infec-
tious and chronic diseases, scien-
tists and the health care community
can develop research-derived pre-
vention, control and treatment strat-
egies. CDC encourages research and
development of new antibiotics and
vaccines to combat drug resistant
illnesses. In their June 2000 draft
article “Public Health Action Plan
to Combat Antimicrobial Resistance
- Domestic Issues,” the following
action plan is recommended for ap-
plied microbiological and product
development research. In the area
of microbiological research it is im-
portant to:
increase understanding of micro-
bial physiology, ecology, genet-
ics and resistance mechanisms;
augment existing research infra-
structure to support a critical
mass of resistance mechanisms;
translate research findings into
clinically useful products, such
as novel approaches to detect-
ing, preventing and treating an-
timicrobial resistant infections.

With regard to product development

research, the CDC emphasizes:
ensuring that researchers and
drug manufacturers are in-
formed of current and projected
gaps in the arsenal of antimicro-
bial drugs, vaccines and diag-
nostics, and of potential markets
for these antibiotic-resistant
products;
stimulating the development of
priority antimicrobial resistant
products for which market in-
centives are inadequate, while
fostering their appropriate use;
and
optimizing the development and
use of veterinary drugs and related
agricultural products that reduce
the transfer of resistance to patho-
gens that can infect humans.
The third prong of the CDC plan
involves prevention and control. By
improving local, state and federal
public health infrastructure, plan-
ning, delivery and evaluation of im-
portant public health practices can
be supported. While the CDC can
serve as a reference center for diag-
nosing infectious diseases and test-
ing for drug-resistance, public do-
mains must play an active role in
training, educating, developing
policy and properly implementing
available control measures. Global
communication and cooperation is
imperative to ensure that society can
respond to emerging infectious dis-
ease threats. A summary of the CDC
plan, extracted from the June 2000
draft of the CDC “Public Health Ac-
tion Plan to Combat Antimicrobial
Resistance - Domestic Issues” in-
cludes the following steps to be

taken by health care and health care
professionals.
Extend the useful life of antimi-
crobial drugs through prudent
use policies that discourage
overuse and misuse.
Improve diagnostic testing
practices.
Prevent infection transmission
through improved infection-con-
trol methods and vaccine use.
Prevent and control emerging
antibiotic resistance problems
in agriculture.
Ensure that comprehensive pro-
grams to prevent and control an-
tibiotic resistance involve a wide
variety of non-governmental
partners, and that the public be-
comes part of prevention practice.
The blueprint proposal by CDC
for combating antibiotic resistance
includes increasing worldwide
preparations to fight diseases once
believed to be under control such as
tuberculosis and Streptococcus
pneumoniae, and maintaining a vigi-
lant watch for new diseases. Food-,
water- and blood-borne contami-
nants must be addressed through
various public measures, and experts
in various disciplines must be watch-
ful of pathogens passed from ani-
mals. Public health standards should
strive to protect the most vulnerable
in society, such as children, pregnant
women, the sick, elderly and people
without access to health care.
Complementing the efforts of the
CDC, WHO suggests interventions
and global action with eight recom-
mendations (listed below) to na-
tional governments to curb the glo-
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bal problem of antibiotic resistance:*

1. Adopt WHO strategies and poli-
cies for disease prevention, treat-
ment and control, the most im-
portant relate to immunization.

2. Educate health care workers
and the public on appropriate
use of antimicrobials.

3. Contain resistance in hospitals.

4. Reduceantimicrobial useinlive-
stock.

5. Increase research onnew drugs
and vaccines.

6. Build alliances and partner-
ships to increase access to anti-
microbials in countries where
availability is a problem.

7. Increase the availability of medi-
cations on WHO's list of essen-
tial drugs.

8. Make effective antimicrobials
available to poor people.

An important aspect of the
WHO plan is that it encompasses
antibiotic resistance, disease preven-
tion, treatment and control issues on
a global level because infectious ill-
ness is an international concern. For
the full report and specific policies,
see www.who.int. While national
and global communication and co-
operation is imperative to ensure
that society can respond to emerg-
ing infectious disease threats in the
future, it is local healthcare provid-
ers and facilities that can make the
most difference in controlling anti-
biotic resistance. Every health care
provider can play a role in building
awareness about antibiotic resis-
tance and improving antibiotic use.

Health Care Practitioner
Interventions

Responsibility for many of the
antibiotic-resistance-curbing strate-
gies outlined here rests with health
care practitioners. By practicing pru-
dent prescription strategy, staff and
public education, and hygienic of-
fice procedures, the health care pro-
vider plays a vital role. Consider that
antibiotics comprise between 10 and
40 percent of hospital drug expen-
ditures. Almost one-half of the anti-
biotics used in institutions results
in treatment failures and adverse
events, which lead to longer hospi-
tal stays. Approximately 25 percent
of all adverse drug events in hospi-
talized patients are antibiotic re-
lated. In the community setting, pa-
tients feel the financial burden of
resistance. Treating infections
caused by resistant organisms often
requires newer or parenteral thera-
pies, which are more expensive.
These problems are a direct result of
the generalized use of broad-spec-
trum agents without appropriate an-
tibiotic management strategies.?
There are opportunities to reduce
or optimize antibiotic exposure,
which will, in turn, slow the micro-
bial march toward resistance.

Prescribing an antibiotic is dif-
ficult at best. It takes a great deal of
knowledge to make optional deci-
sions regarding a patient’s antibi-
otic therapy. According to David
Greenwood of the Division of Micro-
biology and Infectious Diseases at
Medical
Nottingham, U.K., “teaching about

Queen’s Center in

antimicrobial chemotherapy in

medical schools is generally spas-
modic and uncoordinated.”? This
statement is true of the education of
all health care providers as well.
Once out of school, practitioners of-
ten rely on practice guidelines, in-
dustry input and institutional man-
dates to firm up their knowledge
about rational antimicrobial pre-
scribing. Now more than ever it is
imperative that health care provid-
ers have a good working knowledge
of resistance patterns, diagnostic
techniques and updated information
sources. Given enough exposure to
an antibiotic, microbes will un-
doubtedly becomeresistant. To date,
there are no antibiotics to which re-
sistance has not been demonstrated.

The risks of either undertreating
or overprescribing antibiotics for bac-
terial infections or misprescribing an
antibiotic for a viral infection cannot
be overemphasized. Each situation
can lead to bacterial resistance,
which further complicates indi-
vidual treatment decisions and con-
tributes to the resistant gene pool in
an institution or community. Once
the decision to treat is made, the cor-
rect antibiotic in the appropriate
dose for the proper duration should
be selected. Many factors contribute
to this decision-making process.

In the community, an accurate
diagnosis is required to determine
the need for and type of antibiotic
therapy required. The appropriate
targeted antibiotic must be selected
based on knowledge of the specific
pathogen and knowledge of local
bacterial patterns. An important
part of any therapy decision is
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Table 5

Basic Principles for Controlling the Spread of MRSA

SURVEILLANCE

CONTACT PRECAUTIONS

* Weargowns if likely to soil clothes
¢ Useantimicrobial soap to wash hands
¢ Use standard housekeeping techniques

MICROBIOLOGY SUPPORT

* Save isolates when appropriate

ADDITIONAL MEASURES

* Decrease use of antimicrobial agents

Am J Med 1999;106(5A):11S-8S.

* Use appropriate susceptibility test methods
* Notify clinicians and infection-control staff when an MRSA isolate is identified

* Review culture and susceptibility test results regularly

* Maintain a list of patients known to be colonized or infected with MRSA

¢ Conduct culture surveys to assess the prevalence of MRSA as necessary
* Obtain surveillance cultures on admission from patients transferred from institutions known to have a high prevalence of MRSA
¢ Develop amethod for evaluating patients with histories of MRSA colonization or infection when they are readmitted

* Place patients in private rooms or cohort with other patients who have MRSA
* Wear gloves for contact with patient and environment

* Conduct or obtain molecular typing when appropriate

* Consider decolonizing colonized or infected patients during epidemics or periods of hyperendemic transmission
* Consider decolonizing colonized health care workers during epidemics or periods of hyperendemic transmission

* Considerinstituting an isolation ward if routine measures do not control spread of MRSA
Source: Herwaldt LA. Control of methicillin-resistant Staphylococcus aureus in the hospital setting.

whether local flora includes or does
not include resistant organisms. In
the community, itis important to dif-
ferentiate between viral and bacte-
rial infections—only patients pre-
senting with bacterial infections
should be treated with antibiotics.
Reliance on, and knowledge of, new
rapid bacterial identification meth-
ods (rapid strep test, for example)
may be useful when obtaining cul-
ture and susceptibility tests is not
prudent. Practitioners should use
available diagnostic methods and
tools to identify causative pathogens
and target the treatment to that mi-
crobe” Community practitioners
should resist patient pressure for an-
tibiotics; avoid prescribing antibiot-

ics for the common cold and recog-
nize the importance of relieving symp-
toms when appropriate through de-
congestants, cough medicine or
antipuretics when an antibiotic is
not required.”® Empiric antibiotic
therapy for various infectious disease
conditions can be found in medical
society guidelines for treating spe-
cific infections (for example, Infec-
tious Disease Society of America,
ISDA, and CDC). Naturally, these
guidelines may need to be adapted
for specific practice settings.

In a hospital setting, practitio-
ners must be aware of their environ-
ment, which includes bacterial fac-
tors as well as available tools for
treatment. In these settings, patients

are more likely to contract resistant
nosocomial pathogens such as ex-
tended-spectrum b-lactamase
(ESBL)-producing E. coli or Klebsiella
pneumoniae, MRSA, VRE and drug-
resistant S. pneumoniae (DRSP).?
(Guidelines for controlling the
spread of MRSA and VRE are listed
in Tables 5 and 6, respectively.)
Practitioners should also keep in
mind the capabilities of the hospital’s
microbiology lab. For example, is the
lab able to adequately test for ESBLs?
If not, how should that fact alter treat-
ment selection? What is the preva-
lence of resistant nosocomial patho-
gens within a particular institution
and on which units? A small outly-
ing community hospital, for ex-
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Table 6

Elements of a Successful Vancomycin-Resistant Enterococcus (VRE) Prevention and Control Program

ISOLATION FOR HOSPITALIZED PATIENTS EDUCATION

* Theisolation strategy should be identical and uniform regardless of
whether the patient is infected or colonized

* Barrier precautions should include private room, gown and gloves

¢ Useddedicated equipment (stethoscopes, thermometers, glucose
meters)

* Usechlorhexidine gluconate oran alcohol-based product towash hands

* Disinfectitems removed from a patient’s room

* Terminally clean the room when a patient is discharged

* |dentify patient by flag or master list

¢ Attempt to schedule infected/colonized patients on the same day

* Dedicate aroomorpod

¢ Dedicate equipment (blood pressure cuff, stethoscope) and change
it at the end of the day

¢ Use disposable equipment if possible

* Disinfectall equipment at the end of the day or when a patient
leavesthe room

* |solate patient when placed in room

* Use hospital isolation precautions (see above)

¢ Designate separate bathroom for patients with VRE

¢ Cleanroomor pod at end of session

* Communicate isolation status to other areas/services of the hospital

separated by a week, without VRE growth

¢ Theinfection-control department should reset the isolation flag on
that patient

* On high-risk services, consider obtaining surveillance cultures when
apreviously colonized patientis readmitted or placed on antibiotics
orimmunosuppressants

¢ Limit vancomycin use to institutional-specific guidelines

* Reduce cephalosporin use/vary hospital formulary

* Limit perioperative antibiotic use to efficacious drugs, appropriate
time periods, agents recommended in prophylaxis guidelines

Notify unit, pharmacy, infection control, medical and nursing
personnel when a patient is:

¢ Admitted in the clinic either colonized or infected with VRE

¢ Colonized/infected with VRE andisolated

* Readmitted andisolated

* Removed from isolation precautions

ISOLATION FOR PATIENTS IN AN OUTPATIENT DEPARTMENT

DISCONTINUING ISOLATION FOR VRE
* The patient must have three stool cultures or rectal swabs, each OUTBREAK MANAGEMENT

USE AND CONTROL OF ANTIBIOTICS .

COMMUNICATION

All personnel

* Familiesand volunteers, physicians, medical and pharmacy
students, nurses, nursing students and nurses aids, other health
care workers (e.g. phlebotomists, radiology technicians) ancillary
personnel (e.g. housekeepers, contractors) patients and families

Organism’s epidemiology

¢ Significance and magnitude of the problem (US/state/hospital)

* Transmission

* Control measures including hand washing, isolating patients,
cleaning the environment, culturing patients

Methods

* Didactic lectures

* Training sessions

¢ Cultures of hands, the environment

* Datafeedback

MICROBIOLOGY LABORATORY

¢ Speciate strains

* Testallclinical isolates for resistance

* Use a susceptibility technique that detects vancomycin resistance
* Confirm vancomycin resistance

¢ Determine percentage ofisolates resistantto vancomycin
 Saveisolates

* Examine phenotype and genotype (fingerprints) of VRE isolates

* Verify the diagnosis and define the problem (who, what, when, where)
* Isolate all patients whether VRE colonized/infected or not

* Group all patients geographically (this may require a VRE ward)

* Group nursing staff

* Seenon-infected before infected patients

* Performroutine surveillance weekly

* Saveftype allisolates

Perform molecular epidemiology and use epidemiologic studies to
determine whether there is a point source outbreak

¢ Obtain environmental and hand cultures when appropriate

Source: Perl TM. The threat of vancomycin resistance. Am J Med
1999;106(5A):26S-37S.

12 Bacteria Battle Back: Addressing Antibiotic Resistance - November 2000



Table 7

Suggested Drug Therapy for Resistant Organisms

INTERVENTION COMMENT

(E. coli, K. pneumoniae)
B-lactam/B-lactamase inhibitor combo

Extended Spectrum B-lactamase-Producing Organisms

Aminoglycosides, Fluoroquinolones, Trimethoprim/Sulfamethoxazole

Must use high doses

Carbapenems Drug of Choice

Useful if organism is susceptible

Vancomycin

Methicillin-Resistant Staphylococcus aureus
Drug of choice, adhere to recommendations for use in Table 8

Vancomycin-Resistant Enterococcus
Quinupristin/Dalfopristin
Linezolid

.V. requires a central venous access
Can be givenasboth P.O. and L.V.

Extended-spectrummacrolides

Vancomycin

Drug-Resistant Streptococcus pneumoniae

Non-antipseudomonal, third generation Cephalosporin
Fluoroquinolones targeted for respiratory use

Use as outpatient or inpatient agents

Ceftriaxone is most commonly used

Levofloxacin, gatifloxacin, sparfloxacin, moxifloxacin, trovafloxacin
No demonstrated resistance at this point

Sources: Overcoming antimicrobial resistance. World health report on infectious diseases 2000. (http://www.who.int/infectious-disease-report).
McKinnon PS. Managing antibiotic treatment costs: pharmacoeconomic considerations. ASHP 1999 Midyear Clinical Meeting. Orlando, Fla.
Greenwood D. Preserving the miracle of antibiotics. Lancet 1995,345:1371.

ample, may not be confronted with
the types of resistance present in a
large teaching facility ®

Another important consider-
ation is whether the patient is only
colonized or has an infection. Is the
patient demonstrating signs of an
overt infection presenting with fever
and increased white blood cells, or
is the patient simply colonized with-
out objective signs of infection?*!
When considering antibiotic
therapy for an infection caused by a
known resistant pathogen, the prin-
ciples for controlling institutional
antimicrobial resistance must be
kept in mind.*** Empiric and/or
specific antibiotic therapies for sus-
pected or documented pathogens are
illustrated in Table 7.

Factors such as patient disabil-
ity level and carry-over infection
from a prior hospital stay also factor

into treatment decisions. Infections
contracted nosocomially may need
to be treated with different agents
than community-acquired infec-
tions. In cases where culture and
susceptibility reports are not readily
available, such as in outlying facili-
ties, practitioners must decide both
when to treat and what organisms
are the most likely pathogens.
Prescribing antibiotics in long-
term care facilities presents unique
challenges in part because patients
are typically admitted from other
institutional settings and could have
been exposed to resistant bacteria.
The following are suggested guide-
lines for antibiotic use in long-term
care facilities.®
Maintain an antibiotic review
program to monitor use of all
systemic and topical antibiotics.
Develop and enforce antibiotic

restriction policies, especially
for oral and intravenous vanco-
mycin, third-generation cepha-
losporins and fluoroquinolones
antibiotics.

Avoid treating asymptomatic
bacteriuria; patients must dem-
onstrate clinical or pre-deter-
mined laboratory evidence of
infection.

Treatment of patients residing
in long-term care facilities
should be cared out by health
care practitioners who are fa-
miliar with the nature of the pa-
tient population.

Use narrow-spectrum antibiot-
ics whenever possible for em-
piric coverage; when culture
susceptibilities have been veri-
fied, the antibiotic spectrum
should be narrowed if possible.
Because institutional settings
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can be a breeding ground for resis-
tant bacteria, guidelines for control-
ling antimicrobial resistance are
much more stringent than in the
community. In addition to empha-
sizing effective prescriptions, ways
of controlling institutional antimi-
crobial resistance include:”
introducing limited antibiotic
choices to the hospital formu-
lary along with guidelines for ra-
tional antibiotic use,
changing empiric therapy to se-
lected, narrow-spectrum therapy
in response to culture and sus-
ceptibility results as they be-
come available,
using antibiotics for the short-
est effective duration,
dosing antibiotics optimally,
using local susceptibility pat-
terns to aid in appropriate em-
piric antibiotic selection,
treating infections in outpa-
tients with oral or home intra-
venous antibiotics as soon as
possible,
not prescribing antibiotics for
viral syndromes,
correctly interpreting culture
and sensitivity results, and
limiting antimicrobial prophy-
laxis to accepted indications.
Institutions also commonly
overuse broad-spectrum, third-gen-
eration cephalosporins, vancomycin
and clindamycin, which select for
VRE.*Overusing ceftazidime may
select for an ESBL strain of K.
pneumoniae.® Guidelines for using
vancomycin suggest that patients
needing this therapy should meet
one of six treatment criteria (see

Table 8

Guidelines for Prudent Vancomycin Use

VANCOMYCIN USE SHOULD BE LIMITED TO:

¢ Severe B-lactam allergy

areas

Proc 2000;75:200-14.

* Infections caused by gram-positive cocci that are resistant to B-lactam antibiotics

* Antibiotic-associated diarrhea, unresponsive to metronidazole
* Infective endocarditis prophylaxis as per the American Heart Association
* Use of prosthetic material in high MRSA and coagulase-negative staphylococci-prevalent

* Empiric use only in areas with a high prevalence of MRSA and coagulase-negative
staphylococci and for pneumococcal meningitis until susceptibilities are available
Source: Virk A, Steckelberg JM. Clinical aspects of antimicrobial resistance. Mayo Clin

Table 8). Vancomycin use outside
these guidelines can promote drug-
resistant enterococcus.

Patients in long-term care facili-
ties with conditions such as persis-
tent cough following a viral illness
or asymptomatic bacteriuria are of-
ten unnecessarily treated with broad-
spectrum antibiotics such as
fluoroquinolones. The decision to
treat may be based on patient and
nursing convenience or an attempt
to avoid a hospitalization. Unneces-
sary therapy gives rise to bacterial
selection and subsequent antibiotic
resistance that could lead to an in-
stitutional epidemic. The following
guidelines can help reduce
fluoroquinolone resistance when use
of this antibiotic class is indicated.*

When using fluoroquinolones,

optimize the drug’s natural

pharmacokinetic properties to
achieve adequate concentration-
dependant organism killing.

Administer adequate dosage/

duration for infection type and

location.

Avoid co-administration of

chelating medications such as

sucralfate or antacids that may
bind to and chemically inacti-
vate the fluoroquinolone.
When treating difficult infec-
tions such as P. aeruginosa, com-
bine fluoroquinolones with an-
other anti-pseudomonal drug
that has an alternate mechanism
of action to maximize killing.
Avoid excessively long (greater
than 14 to 28 days) fluoro-
quinolone treatment in hospi-
talized patients.
Avoid using fluoroquinolones
for non-serious infections (cys-
titisin young women and simple
upper respiratory tract infec-
tions, for example).
Consider fluoroquinolones in
situations where therapeutic
failure is imminent (colonizing
bacteria in severely ill patients,
patients with MRSA infections,
ischemic skin ulcer infections,
non-correctable structural ab-
normalities and patients with
non-removable foreign bodies).
Once practitioners have the ap-
propriate information to effectively
prescribe antimicrobials, they must
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ensure that all members of their
health care team practice not only
infection-control procedures but
proper and appropriate antibiotic
prescribing. To accomplish this, all
staff must be kept up to date on local
infection-control guidelines that
avoid or minimize the spread of re-
sistant organisms. Prescribers
should be specifically aware of mi-
crobiological susceptibility patterns
and available methods for identify-
ing pathogens. It is vital that the cor-
rect antibiotic be used in the proper
amounts to effectively kill bacterial
infectious while promoting the least
amount of resistance. Cycling anti-
biotics, a technique of systematic ro-
tation of antibiotics, sometimes
called “crop rotation,” can keep po-
tentially resistant organisms off-bal-
ance. Additionally, reserving newer
antibiotics for last-choice agents will
help preserve their spectrum of an-
timicrobial activities. Also, instead
of treating a suspected viral infec-
tion with antibiotics, practitioners
should focus on symptom relief.*4?

Beyond accurate diagnosis and
a carefully selected prescription,
practitioners can further aid the
battle against resistant bacteria
when treating infections in the com-
munity at-large by educating pa-
tients about antibiotics.

Patient Education
Responsibilities
Antibiotics are powerful medi-
cations that only effectively eradi-
cate bacterial infections such as strep
throat. They are useless against vi-
ral infections such as the common
cold or flu. In fact, if an antibiotic is
taken for a viral infection, the risk of
developing an infection from an an-
tibiotic-resistant bacteria increases,
and if the antibiotic is taken for too
long or too short a time, the greater
the chance a resistant organism will
prevail. Health care providers in-
cluding physicians, nurses and
pharmacists have a key role in edu-
cating patients about the importance
of antibiotic resistance and careful
antibiotic use. All health care pro-
viders should discuss with their pa-
tients the following ways to can catch
an antibiotic-resistant infection.**
Simply taking an antibiotic in-
creases the risk because bacteria
develop ways to resist the
antibiotic’s effects in order to sur-
vive. If enough bacteria are
present, they can multiply and
become problematic. These bac-
teria can be transmitted to others.
Infections can be contracted from
people or objects around that are
infected with or contain resis-
tant bacteria.
Resistant bacteria are com-
monly found among people in
hospitals, nursing homes and
day care centers.
Improper hand washing in-
creases the risk of catching all
types of infections.
Bacteria enter the body through

the nose, mouth and open wounds;
however, the bacteria are often
transmitted to those areas from the
hands. Hand washing is the most
effective way to prevent the spread
of any type of infection. Most Ameri-
cans are untruthful about how of-
ten they wash their hands. Typi-
cally, hands should be washed
prior to food preparation or insert-
ing or removing contact lenses and
after treating a cut or wound on
someone who is sick. Hands should
also be washed after using the bath-
room, handling uncooked foods
such as raw meat, poultry or fish,
changing diapers, nose blowing,
sneezing or coughing, playing with
or touching a pet (especially reptiles
and exotic animals), handling gar-
bage or tending to someone who is
sick or injured. Patients should be
reminded that antibiotic resistance
not only affects the sick, but other
family members and people the pa-
tient comes in contact with.®
Prescribers and consumers can
help limit the emergence and
spread of antibiotic resistant or-
ganisms by following hygiene
guidelines that have become
commonplace in the medical
work environment as well as in
many homes.
An integral part of controlling
antibiotic resistance is combat-
ing the spread of resistant con-
tagions. Several organizations,
including the CDC, have pub-
lished specific resistance pre-
vention tips that can be applied
in both health care settings and
at home. 2444
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To help prevent infection and
limit antibiotic resistance all
health care providers should
remind patients to:

Handle, prepare and store food
correctly, wash fruits and veg-
etables thoroughly; avoid raw
eggs and undercooked meat (es-
pecially ground beef).

Avoid using antibacterial soaps
except when caring for someone
who isill.

Wash hands thoroughly using
soap and water for 10 to 30
seconds.

Take all medication as directed
for the full course of treatment
Discard unused antibiotics. Do
not save for later use or to share
with others. Do not take antimi-
crobial drugs for viral infections
such as colds, coughs or the flu.
Ask health care providers about
ways to help relieve symptoms for
infections not caused by bacteria.
Not share medications that re-
quire a delivery device (nasalin-
halers, oral inhalers and eye
drops, for example) because they
can transmit infection between
patients.

Get immunized and ask their
health care provider which im-
munizations they or their chil-
dren should receive.

Conclusion

Addressing the growing prob-
lem of antibiotic resistance requires
a global approach. This issue
crosses the boundaries between
many disciplines. In order to retain
the effectiveness of the current anti-
biotic drug arsenal and stay a step
ahead of bacterial adaptation, prac-
titioners must be vigilant about edu-
cating themselves, their colleagues
and their patients. Practitioners
must also be vigilant about their own
hygiene practices, whether at home
or in clinics or institutions. To re-
duce transmission of antibiotic re-
sistance it is imperative that practi-
tioners follow strict infection control
and hygiene guidelines, such as
hand washing between patient vis-
its and isolation of hospitalized pa-
tients with multi-drug resistant in-
fections. They must take time to rec-
ommend or prescribe the most ap-
propriate antibiotic agent for each
situation and do everything in their
power to make sure patients under-
stand the implications of not follow-
ing dosing instructions — for them-
selves and society at large.
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Bacteria Battle Back:
Addressing Antibiotic

Resistance

Antibiotic Resistance Assessment Questions

1. The mechanism by which
genes for antibiotic resistance
are spread by bacteriophageis
called:

a) transformation
b) conjugation
c) transposition
d) transduction

2. Porinproteins:

a) are pumps that remove
antibiotics from bacterial cells

b) are penicillin-binding proteins

c) allow hydrophobic molecules
to enter bacteria

d) are channels by which water-
soluble antibiotics can enter
bacteria

3. Resistanceto fluoroquinolone
antibiotics may be caused by:
a) mutation of bacterial penicillin-
binding proteins
b) mutation of bacterial ribo-
somes
¢) mutation of bacterial DNA
gyrase
d) mutation of bacterial DNA
polymerase

4. Resistanceto this antibiotic
may occur when bacteria
develop alternate metabolic
pathways.

a) vancomycin ¢) imipenem
b) trimethoprim d) chloramphenicol

5. Antibiotics are currently used
in which of the following?
a) livestock feed
b) farm animals
c¢) farm-raised fish
d) all of the above

6. Accordingtothe American
Medical Association thereis no
scientific data proving that
antimicrobial soaps have any
infection-fighting benefitover
standard soap and water.

a) true b) false

7. Which of thefollowing factors
may contribute to the develop-
ment of antibiotic resistancein
developing countries?

a) unregulated antibiotic use
b) poor drug quality

c¢) unskilled health practitioners
d) all of the above

8. Transposons are:
a) small viruses that infect bacteria
b) self-replicating, circular
strands of bacterial RNA
c) also called “jumping genes”
d) not associated with antibiotic
resistance

9. Accordingtothe Centers for
Disease Control, percent
of all yearly prescriptions for
antibiotics may be unnecessary.

a) 10 c) 25
b) 15 d) 33

10.The Centers for Disease
Control recommendations for
preventing the spread of
antibiotic resistanceinclude all
of the following except:
a) proper immunizations
b) counseling patients to take
antibiotics exactly as prescribed
¢) not using antibiotics for viral
infections
d) counseling patients to take
antibiotics until they feel better

11. Which of the following global
objectives does the Centers for
Disease Control plan to develop
inthe future?

a) implement a national plan for
resistance surveillance; ensure
reliability of susceptibility data
for surveillance; monitor
patterns of antibiotic use

b) survey antibiotic resistance and
encourage applied microbiologi-
cal and product development
research as well as resistance
prevention and control

c) increase understanding of
microbial physiology, ecology
and mechanisms of resis-
tance; augment existing
research infrastructure;
translate research findings
into clinically useful products

d) extend useful life of antimicro-
bial drugs; improve diagnostic
testing practices; improve
infection control methods and
vaccine use

12.All of thefollowing are considered
antibiotic resistance control tips
except:

a) take medicine exactly as
prescribed by health care
provider

b) take the antibiotic until it is
finished, even if you feel better

c) use antibacterial soaps when
washing hands

d) do not pressure your health
care provider into prescribing
antibiotics
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13.Which of the following state-
ments best characterizes the
economics of antibiotic use?

a) developing resistance
patterns in the community
allow for cheaper, more
common antibiotic use

b) antibiotics comprise between
50 and 70 percent of a hospital
pharmacy’s drug budget

¢) antibiotic failures in the hospital
lead to rapid discharges back
to the community in an effort to
evade resistance

d) antibiotic cost escalations
prevail when newer, more
expensive agents or intrave-
nous therapy is warranted to
treat infections

14.Educationis the key to over
coming antibiotic resistance. All
of the following principles are
importantto overcomeresis-
tance except:

a) antibiotics should routinely be
prescribed post viral illness to
ward off bacterial infection

b) antibiotics should be used
appropriately with the correct
indication, dose, and identifi-
cation and adherence to
definitive monitoring parameters

¢) antibiotics can be cycled to
avoid resistance

d) practitioners should adhere to
infection control guidelines

15.Under which circumstances
should vancomycin be used?

a) when there is a low preva-
lence of methicillin-resistant
Staphylococcus aureus
(MRSA)

b) this drug is always a good first
choice

c¢) when there is no b-lactam
allergy

d) when infections are caused by
gram-positive cocci resistant
to b-lactam antibiotics

16.A three-year-old child in the
community has received a
course of amoxicillin for an otitis
mediainfection. The child
attends achild-care program full
time. The course of amoxicillin
fails. The child returns to the
practitioner’s office four days
after starting the amoxicillin
continuing to befebrile and
tugging at the ears. Which of the
following would be the most
reasonable antibiotic selection
for home therapy for this child
fromthe selections provided?

c) antibiotics can be cycled to
avoid resistance

a) tetracycline

b) extended-spectrum macrolide

c¢) fluoroquinolone

d) vancomycin

17.Fluoroquinolones are powerful
antibiotics that retain a broad
spectrum of activity and are
useful agentsin treating awide
array of both inpatient and
outpatient infections.
Fluoroquinoloneresistanceis
problematic in that the organism
thatis resistantto one
fluoroquinolone will beresistant
to all agentsin the
fluoroquinoloneclass. All of the
steps listed below are aimed at
reducing fluoroquinolone
resistance except:

a) fluoroquinolones should be
used as first line therapy in
treating many infections

b) the natural pharmacokinetic
properties of the
fluoroquinolones should be
maximized for adequate
concentration-dependant
killing

c) avoid therapy that lasts longer
than 14 to 28 days

d) avoid prescribing for simple
upper respiratory tract
infections and uncomplicated
cystitis in young women

18. Which of the following are
antibiotic control measures that
should be followed in long-term
care facilities?

a) develop and enforce antibiotic
restriction policies especially
with oral and intravenous
vancomycin, third-generation
cephalosporins and
fluoroquinolone antibiotics

b) avoid treating asymptomatic
bacteriuria, require patients to
demonstrate clinical or pre-
determined laboratory
evidence of infection

) narrow-spectrum antibiotics
should be used whenever
possible for empiric coverage

d) all of the above control
measures should be followed

19.In the era of antibiotic resistance
and the publicity of the problem,
“catching” aresistant organism
is concerning. All of the following
are ways to contract aresistant
organism except:

a) simply taking an antibiotic
because this allows some
bacteria to fight off the effect of
the antibiotic in order to survive

b) having contact with people
who are in hospitals, nursing
homes or day care centers

c¢) improper hand washing

d) catching a cold

20.The basic principles for control-
ling the spread of MRSA include:
a) notify clinicians and infection-
control staff when an MRSA
isolate is identified
b) increase use of antimicrobial
agents
¢) maintain a list of patients
known to be colonized or
infected with MRSA
d) a and c only
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CE Registration, Answer Sheet and Program Evaluation

This lesson affords 2 (two) contact hours (0.2CEU) of continuing education credit in all states that recognize
the American Council on Pharmaceutical Education (ACPE) approved providers.

The Massachusetts College of Pharmacy and Health Sciences and / or the American Academy of Nurse
Practitioners will grant 2 contact hours to pharmacists and /or nurse practitioners who obtain a grade of

70% or higher on the post test. Those not successfully completing the post test on the first try will receive notice
and be offered another chance to answer the post-test at an additional charge of $6.

No post-test questionnaires will be processed after November, 2003.

To receive statements of credit return the completed answer sheet and a processing fee of $6.00 to:

MCPHS-CE

179 Longwood Ave
Boston, MA 02115
Fax: 617-732-2062

Make checks payable to MCPHS. Fees not refundable or transferable.
Fax copy accepted with credit card payment. Please indicate Master Card or Visa.
OMC O Visa Card Number Expiration Date

Massachusetts College of Pharmacy and Health Sciences is approved by the American Council
on Pharmaceutical Education as a provider of continuing pharmaceutical education.
Pharmacists successfully participating in this program will receive a statement of credit for 2
contact hours (0.2CEUs) within 3-4 weeks after receiving the completed answer sheet.

s Initial release date November, 2000. ACPE# 026-999-00-206-H01

Answer each question by circling the correct answer in the space provided
Bacteria Battle Back: Addressing Antibiotic Resistance — ACPE # 026-999-00-206-H01

Name

Address

City State Zip Code

State and Pharmacy/Nursing License Number

Please indicate your exam response by circling only ONE answer for each.

1. ABCD 6. ABCD 11. ABCD 16. ABCD

2. ABCD 7. ABCD 12. ABCD 17. ABCD

3. ABCD 8. ABCD 13. ABCD 18. ABCD

4. ABCD 9. ABCD 14. ABCD 19. ABCD

5. ABCD 10. ABCD 15. ABCD 20 ABCD
Program Evaluation: Agree Disagree
1. The topic was relevant to my practice. 1 2 3 4 5
2. Thelearning objectives were met. 1 2 3 4 5
3. Thetest questions corresponded well to the lesson. 1 2 3 4 5
4. The faculty is knowledgeable in the area. 1 2 3 4 5
5. The program was educational and not promotional. 1 2 3 4 5
6. How long did it take you to complete this program? hours

20 Bacteria Battle Back: Addressing Antibiotic Resistance - November 2000



