
EDITOR IN CHIEF
Ann Dietrich, MD, FAAP, FACEP
Associate Clinical Professor, Ohio State

University; Attending, Columbus 
Children’s Hospital; Associate Pediatric
Medical Director, MedFlight

EDITOR EMERITUS
Larry B. Mellick, MD, MS, FAAP,

FACEP
Professor and Chair
Department of Emergency Medicine
Director of Pediatric Emergency Medicine
Medical College of Georgia
Augusta, Georgia

EDITORIAL BOARD
Michael Altieri, MD
Chief, Pediatric Emergency Medicine
Fairfax Hospital
Pediatric Residency Director
University of Virginia/

Fairfax Hospital for Children
Falls Church, Virginia

Robert A. Felter, MD
Chairman, Department of Pediatric 

and Adolescent Medicine
Western Reserve Care System
Youngstown, Ohio

George L. Foltin, MD, FAAP, FACEP
Director, Pediatric Emergency 

Medicine
Bellevue Hospital Center/New York 

University Medical Center
New York, New York

Michael Gerardi, MD, FAAP, FACEP
Clinical Assistant Professor of Medicine,

New Jersey Medical School
Vice-Chairman, Department of Emergency

Medicine, Morristown Memorial Hospital,
Director, Pediatric Emergency Medicine,

Children’s Medical Center and the
Atlantic Health System

Morristown, New Jersey

Steven M. Green, MD, FACEP
Director, Emergency Medicine Residency

Program
Professor of Emergency Medicine
Loma Linda University School of Medicine
Loma Linda, California

Jane F. Knapp, MD
Director, Division of Emergency Medicine
Associate Professor of Pediatrics
Children’s Mercy Hospital
University of Missouri-Kansas City School

of Medicine
Kansas City, Missouri 

Steven Krug, MD
Associate Professor of Pediatrics
Northwestern University School of Medicine
Director, Pediatric Emergency Medicine
Children’s Memorial Hospital
Chicago, Illinois

Steven G. Rothrock, MD, FACEP, FAAP
Department of Emergency Medicine
Orlando Regional Medical Center &

Arnold Palmer’s Hospital for Women and
Children

Orlando, Florida
Clinical Assistant Professor, Division 

of Emergency Medicine
University of Florida College of Medicine
Gainesville, Florida

Alfred Sacchetti, MD, FACEP
Director of Research, Department of 

Emergency Medicine
Our Lady of Lourdes Hospital
Camden, New Jersey

John P. Santamaria, MD, FAAP, FACEP
Co-Medical Director, After Hours Pediatrics,

Inc.
Medical Director, Wound and Hyperbaric

Center, St. Joseph’s Hospital
Clinical Associate Professor of Pediatrics
University of South Florida School of Medicine
Tampa, Florida

Robert Schafermeyer, MD
Associate Chairman, Department of 

Emergency Medicine
Carolinas Medical Center
Charlotte, North Carolina

Jonathan I. Singer, MD
Professor of Emergency Medicine, Pediatrics
Wright State University School of Medicine
Vice Chair and Program Director, 

Department of Emergency Medicine
Dayton, Ohio

Milton Tenenbein, MD, FRCPC, FAAP,
FAACT

Professor of Pediatrics and Pharmacology
University of Manitoba
Winnipeg, Manitoba

Joseph A. Weinberg, MD
Director of Emergency Services
Le Bonheur Children’s Medical Center
Memphis, Tennessee

SPECIAL CLINICAL PROJECTS AND
MEDICAL EDUCATION
RESOURCES

Gideon Bosker, MD, FACEP
Director, Continuing Education Programs
Department of Emergency Medicine
Good Samaritan Hospital
Associate Clinical Professor 
Department of Emergency Medicine
Oregon Health Sciences Center
Portland, Oregon

© 2001 American Health Consultants 
All rights reserved 

Antibiotics were introduced more than 60 years ago and
have been a major boon to health care. At the beginning of this
century, tuberculosis (TB) and pneumonia were the leading
causes of death in the United States. Together with diarrheal
disease, they accounted for 30% of all deaths. Between 1938
and 1952, the early years of the antibiotic era, deaths from
infectious disease in the United States declined at an annual
rate of 8.2%. By 1997, pneumo-
nia/influenza was the lone infec-
tious disease among the top 10
causes of death in the United
States, ranking only sixth.1

There are now more than 100
antibiotics available for medical
use, and no Western-trained
physician would consider trying
to practice medicine without
these powerful therapeutic
allies. Despite their unques-
tioned value in treating patients
with bacterial infections, in recent years there have been
increasing warnings about their use.2-6 These warnings focus on
the potential for overuse, which may cause bacterial resistance
to the killing effect of the antibiotic. Consequences may include
a greater likelihood for hospitalization, longer hospital stays,
and increased mortality.7 The problem is global in its scope,
prompting a major international meeting in Geneva, Switzer-
land, in 1995. The findings from this meeting were published in
extensive detail in a supplement to Clinical Infectious Diseases
in 1997.8 On the national level, extensive effort is expended

through the National Antimicrobial Resistance Monitoring Sys-
tem and the National Nosocomial Infections Surveillance Sys-
tem to study resistance in the United States and to recommend
means to slow its inexorable spread. 

In this article, the author examines antibiotic resistance,
including a brief review of the mechanism of action of certain
key antibiotics, mechanisms of resistance, resistance patterns,

strategies for reducing resis-
tance, and recommendations
for reducing antibiotic use in
treating illnesses for which they
are not indicated. 

— The Editor

Historical Perspective
Studies of bacteria isolated

from closed systems from the
pre-antibiotic era have shown
that prior to the introduction of
antibiotics, there were few genes

coding for antibiotic resistance.9 Staphylococcus aureus uniform-
ly was sensitive to penicillin at the time of its release in 1941.
Tables 1 and 2, which compare beta-lactam antibiotic develop-
ment and the emergence of resistance, reveal the problem that
emergency medicine physicians face: As fast as new antibiotics
are developed, the microbes find a way to thwart them. Penicillin
resistant S. aureus was recognized within one year of the intro-
duction of penicillin.10 Rapid expansion of penicillin resistance
among staphylococcus isolates around the world led to a crisis in
the 1950s, a crisis that appeared to be solved with the introduction
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of methicillin, a penicillinase-resistant penicillin, in 1961. How-
ever, just one year later, methicillin resistant isolates were identi-
fied.11 Similarly, the 1963 development of ampicillin, an extend-
ed spectrum penicillin, was considered to be a major step forward
in the treatment of gram-negative bacterial infection; however,
later that same year Escherichia coli isolates in Greece were
shown to produce plasmid-mediated TEM-1 beta-lactamase.12

The introduction in 1964 of cephalosporins, an entirely new class
of antibiotics, gave the medical world a powerful new ally, one
that was much less susceptible to beta-lactamases. Soon after,
resistance to cephalosporins became widespread, and by the
1970s gram-negative bacilli became the predominant nosocomial
pathogens.13 Strains of Klebsiella oxytoca that were resistant to
cefuroxime appeared within a year of its introduction in 1978.14

In 1983, extended spectrum beta-lactamases were first reported,
only two years after the release of cefotaxime.15 Resistance to
imipenem, from the new class of carbapenims, was discovered in
1982, three years before its release in the United States.16 To date,

more than 100 resistance genes have been identified among
gram-positive and gram-negative bacteria, and that number is
increasing rapidly.17

One of the lessons of the past 60 years is that as fast as we
develop antibiotics, the bacteria develop resistance. Part of the
explanation for this is that the microbes have us vastly outnum-
bered. We may kill billions of bacteria during a single course of
antibiotics, but if even one mutant organism exists in that
patient, the possibility exists for the rapid establishment of a
resistant population. Some bacteria can replicate themselves as
rapidly as every 20 minutes. In just eight hours, a bacterium with
this doubling time can number well into the millions. In one
recent study, volunteers were given orally administered
teicoplanin for 21 days. While no glycopeptide resistance was
noted at baseline, 81% of the volunteers developed vancomycin-
resistant enterococcus (VRE) during the study, with colony
counts as high as 108 colony forming units per gram of stool.18

With the notable exception of group A streptococcus, which is
still uniformly sensitive to penicillin despite 60 years of wide-
spread use,19 it appears that most bacteria will eventually devel-
op resistance to a specific antibiotic if given enough exposure.

The struggle between man and microbe can be compared to a
war of attrition, but in this war “technology is losing the arms
race with evolution.”4 We can postpone our day of defeat by
using our resources wisely. Unfortunately, the rate of attrition has
been increased by some physicians who are indiscriminate in
their use of antibiotics, and by liberal policies in some countries
that allow the public to buy antibiotics without a prescription or a
doctor’s guidance. Every time we use an antibiotic inappropriate-
ly, such as during an obvious viral infection, all of the billions of
bacteria in the nasopharynx and gastrointestinal tract are exposed
to the antibiotic simultaneously, and sensitive strains will be
killed. Even the excretion of antibiotics in sweat can affect the
antibiotic susceptibility of bacteria on skin.20 The obvious result
is that resistant bacteria can then expand their numbers. 

Inappropriate Antibiotics
Inappropriate antibiotic use among licensed physicians in the

United States and elsewhere is well documented.21-24 Data
derived from the National Ambulatory Medical Care Survey, a
survey of office-based physicians, show that antibiotics are rou-
tinely prescribed for colds (51%), upper respiratory tract infec-
tions (52%), and bronchitis (66%) for patients older than 18
years.22 In an accompanying editorial, it is further noted that
more than three-fourths of the antimicrobial drug prescriptions
written annually in physicians’ offices are given to people with
respiratory infections.3 While some of these antibiotics may be
warranted, particularly for bacterial superinfection, most are not.
Another study in the pediatric literature showed similar overuse.23
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Table 1. Antibiotic Development

BETA-LACTAMS

•   Penicillin
•   Methicillin
•   Ampicillin
•   Cephalothin

•   Cefoxitin  
•   Cefotaxime
•   Amoxicillin/Clavulanate
•   Imipenem
•   Aztreonam



May 2001/Pediatric Emergency Medicine Reports 47

Several case management vignettes were presented to pediatri-
cians and family practitioners in Northern Virginia. Seventy-one
percent of family practitioners and 53% of pediatricians pre-
scribed antibiotics in infants with new onset upper respiratory
infection and green nasal secretions. Further, only 15% of family
practitioners and 23% of pediatricians waited for 7-10 days of
persistent purulent nasal discharge before prescribing antibiotics,
despite published guidelines recommending antibiotics only for
purulent nasal discharge of longer than 10-14 days.25 It has been
estimated that the rate of sinusitis diagnosis in the United States
exceeds the actual predicted incidence by at least ten-fold.26

Physicians often prescribe antimicrobials early in the course
of a cold in an attempt to prevent bacterial complications such as
pneumonia. This strategy has been found to be of no value in
otherwise healthy children.27 Other studies examining the role of
episodic antibiotics in preventing otitis media during colds have
shown mixed results, and this strategy is, at best, less effective
than standard continuous prophylaxis.25,28 Furthermore, even in
patients at high risk for recurrent otitis media, continuous antibi-
otic prophylaxis has limited efficacy, and some experts have
begun to suggest that its use should be severely curtailed in favor
of other options such as elimination of smoking in the home,
tympanostomy tube placement, influenza vaccination, or treat-
ment only for episodes of recurrent infection.28,29

Some physicians argue that antibiotics can’t do any harm, and
may be helpful, so why not use them? There are ever-increasing
reasons to refute this argument. First, antibiotics are expensive,
particularly the cephalosporins and newer macrolides. Millions of
unnecessary antibiotic prescriptions can be equated with many
more millions of wasted health care dollars. Second, there are
potential side effects from the administration of any antibiotic,
such as allergic reactions, diarrhea, abdominal discomfort, vomit-
ing, and fungal overgrowth leading to oral thrush or candidal dia-
per rash.30 Third, the administration of antibiotics is unlikely to
alter the course of a viral illness, but parental expectations after
their still-febrile child has been on an antibiotic for two or three
days may lead to further unnecessary health care visits and addi-
tional prescriptions for more antibiotics. Fourth, patients taking
even short courses of antibiotics are at significant risk for the
development of resistant organisms.31 In addition, antibiotics
affect not only the patient taking them, but also those with whom
they come into contact. Children in schools and day care centers
who have taken no antibiotics may still acquire resistant organ-
isms from their classmates through horizontal transfer.32 Finally,
there are new reports of potentially serious consequences of
antibiotic use. Antibiotics taken during a bout of diarrhea may
increase the risk of hemolytic-uremic syndrome, specifically

when trimethoprim-sulfamethoxazole is used in a patient with
Escherichia coli 0157:H7 enteritis.33 Other studies have shown a
correlation between the administration of antibiotics and the sub-
sequent development of asthma.34-35

Another explanation given by some physicians for liberal
antibiotic prescribing practices is parental pressure and concern
over patient satisfaction.36 They reason that if antibiotic-seeking
patients comes to their offices, they will lose those patients as cus-
tomers if this agenda is not met. While the literature on this topic
is divided, several studies in ambulatory care settings have shown
that receipt of an antibiotic is not as important to these patients as
a thorough explanation from the physician about the illness.37,38

Key Concepts
General Mechanisms of Resistance. A number of specific

mechanisms to resist the action of antibiotics have evolved
within the microbial world. It is helpful to consider three differ-
ent, broad strategies that have evolved before examining the
specific mechanisms. 

First, the antibiotic can be altered in some way. A common
theme in biology is the interaction between an effector molecule,
such as a hormone or an antibody, and its target binding site,
which is usually a complex molecule as well. This involves
complex interactions at the molecular level, which in turn rely
on proper orientation of the molecules. If one of the molecules is
altered in such a way that the tertiary structure also is changed,
binding may be prevented, and the biologic effect is prevented.
The same principle can be applied to antibiotics, which usually
have a specific binding site. If the bacterium can produce an
enzyme that alters the antibiotic, it also may alter the tertiary
structure of the antibiotic enough to prevent it from attaching to
its binding site. A well-recognized example of this strategy is the
development of beta-lactamases, which alter beta-lactam antibi-
otics and render them unable to exert their antibacterial effect.39

Second, the binding site of the antibiotic can be altered.
Most antibiotics must bind to a specific site in or on the bacteri-
um to exert their effect. These binding sites are antibiotic spe-
cific, so different binding sites are used for penicillins, amino-
glycosides, glycopeptides, sulfonamides, and quinolones. If the
binding site is altered in some way to make it unrecognizable to
the antibiotic, binding does not occur and the antibiotic loses its
effect. This is the primary mechanism used by Streptococcus
pneumoniae in eluding the effect of penicillin.40

Third, bacteria may develop ways to deny the antibiotic
access to the binding site. Many antibiotics (i.e., aminoglyco-
sides and quinolones) must gain access to the inside of the bac-
terial cell to attach to their binding site. Access is accomplished
through the use of porins, an opening in the cell membrane that
allows certain materials to pass from the extracellular environ-
ment to the inside of the cell. If these porins are altered in such
a way that the antibiotic cannot get inside the cell, there is no
way for the antibiotic to reach its binding site and the antibiotic
effect cannot be achieved. Permeability mutants are well
described among gram-negative bacteria resistant to quinolones
or to aminoglycosides.41 In addition, many gram-negative
organisms have an intrinsic resistance to many antibiotics due
to the presence of efflux pumps that actively remove antimicro-
bial agents from the intracellular environment.42

Table 2. The “Bugs” Strike Back

1942: Penicillin-resistant S. aureus reported.
1961: Methicillin-resistant S. aureus reported.
1963: Plasmid mediated TEM-1 beta-lactamase resistance 

described.
1978: Cefuroxime-resistant Klebsiella oxytoca reported.
1982: Carbapenemase isolated from Serratia.
1983: Extended-spectrum beta-lactamases reported.
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Spread of Resistance. The development of resistance in indi-
vidual populations of bacteria within a patient is only the begin-
ning of the problem. After the development of resistant strains of
bacteria, the problem is further compounded by the spread of
resistance to other patients or to other populations of bacteria. It is
this spread that magnifies antibiotic resistance and makes it a
community-wide problem. Again, the microbes have developed
an impressive array of mechanisms by which they can spread.

The simplest mechanism for the spread of resistance is the
selection of naturally resistant mutants. In some bacterial popu-
lations, there exists a background rate of natural resistance to a
specific antibiotic, conferred solely by chance. Usually these
background rates are quite low, perhaps no more common than
one in 106 or 108 organisms. If the bacterial population is
exposed to that antibiotic, most of the bacteria will be suscepti-
ble and will be killed. However, small numbers of non-suscepti-
ble bacteria may remain and multiply to occupy the niche for-
merly occupied by their susceptible comrades. Broad use of this
antibiotic could lead to the development of resistant populations
of organisms in many different patients. In most bacterial infec-
tions, the background rate of resistance is low, the bacterial load
is relatively low, and any remaining non-susceptible organisms
can be eliminated by the patient’s own immune system. In these
infections, development of naturally resistant mutant popula-
tions is not likely. If the bacterial load is very high, or the bacte-
ria are able to elude the patient’s immune system, development
of resistant populations becomes more likely. An example of
bacteria with a background rate of natural resistance to antibi-
otics is Mycobacterium tuberculosis (MTB).43

Another simple method for amplification of resistance is
clonal spread. Once a resistant population is established in an
individual, contamination of the environment with those resis-
tant bacteria can occur. If another person comes in contact with
that contaminated environment, the resistant bacteria can spread
to that unaffected person, and then multiply enough to be of
clinical significance. This mechanism is probably of importance
in the spread of VRE and in methicillin-resistant Staphylococ-
cus aureus (MRSA) infections.44 This also is the mechanism for
the spread of most infectious diseases in the world, such as the
common cold, influenza, or varicella. 

Several other mechanisms of spread utilize the sharing of
nucleic acid between bacteria. The principal example of this
mechanism is via plasmids, circular bands of DNA that are pre-
sent in many bacteria. This nucleic acid is extra-chromosomal;
that is, it is not a natural part of the genome, and exists separate-
ly from the chromosomes themselves. Plasmids can code for a
number of proteins, including beta-lactamases and other antibi-
otic resistant gene products. Plasmids can be transferred from
one bacterium to another within a species, or even from one
species of bacteria to another. In this way, resistant genes may
appear in a bacterial population even though that population has
never encountered the antibiotic.

Another mechanism for bacteria to exchange genetic materi-
al is through transposons. Transposons are segments of DNA
that can move from chromosome to plasmid within the same
bacterium or from a chromosome in one bacterium to a chro-
mosome in another. Thus resistance genes can be transferred
directly from the chromosome of a resistant bacterium to the

chromosome or a plasmid of another bacterium, in a manner
similar to the spread of plasmids. Again, this can result in the
development of resistant organisms that have never encountered
the antibiotic to which they are resistant. 

A final, insidious method for spread of resistance is through
co-selection with other resistance genes. Many plasmids contain
multiple genes coding for resistance to more than one antibiotic.45

Consider a plasmid that contains resistance genes for both sulfon-
amides and penicillin. If that plasmid is widely distributed in a
patient who receives penicillin therapy, all the isolates without
the plasmid will be killed and all the isolates with the plasmid
will survive and multiply. But because the plasmid also contains
the gene for sulfonamide resistance, the resulting population of
bacteria also will be uniformly resistant to sulfonamides, even
though no sulfonamides have been used in the patient. Some
plasmids can contain multiple genes for resistance, rendering
those organisms resistant to an entire array of antibiotics. Linked
resistance genes on plasmids are a major reason for the common
occurrence of multiply resistant gram-negative enteric bacteria.45

Means to Retard Dissemination of Resistance. There are
only a limited number of options available to slow down the
relentless increase of bacteria that are resistant to antibiotics.
Chief among them is limiting the use of antibiotics, so that the
emergence of resistance can be delayed. The more frequently a
bacterial population is exposed to a specific antibiotic, the more
likely it is that resistance will emerge. Conversely, with less fre-
quent exposure of the bacteria to the antibiotic, there is less
likelihood of resistance.46

Infection control measures also can be helpful for decreasing
the spread of resistance. In essence, this is analogous to decreas-
ing the spread of infectious diseases themselves. Quarantining of
infected patients can decrease the spread of diseases such as TB,
diphtheria, or cholera by decreasing the contamination of unin-
fected people. Likewise, the use of isolation rooms, gowns,
gloves, and dedicated stethoscopes can decrease the spread of
VRE or MRSA from an infected individual.44,47

A third method to reduce resistance, which often is ignored,
is to use antimicrobials with the least selective effect on the
patient’s bacterial flora. Therapy for impetigo should be directed
toward group A streptococci and coagulase-positive staphylo-
cocci, the primary etiologic agents. Appropriate oral antibiotics
include erythromycin, clindamycin, or cephalexin. The use of a
more powerful antibiotic, such as an extended spectrum
cephalosporin, gains nothing for the patient. The primary poten-
tial advantage of extended spectrum cephalosporins is that they
kill a broader array of organisms, including many gram-negative
organisms. They will treat impetigo, but they also will kill many
other bacterial inhabitants of the nasopharynx and the gastroin-
testinal tract that are not targets of therapy. In general, when
therapy is directed toward a known pathogen, the narrowest
spectrum antibiotic that will kill the target organism is the best
choice for the patient and for the community, since this results in
less selective pressure on other bacteria in the environment.18

Selected, Specific Resistance Mechanisms
Beta-Lactam Antibiotics. The beta-lactam ring is a structure

common to all penicillins, cephalosporins, and monobactams,
and its integrity is essential for antibacterial activity. (See Figure
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1.) The target of a beta-lactam antibiotic is one of a number of
penicillin-binding proteins (PBP). A PBP is a cell membrane
bound peptidase present in bacteria but not present in human
cells. This peptidase aids in cell wall cross bridge formation, a
step that is required for the structural integrity of the growing
bacterial cell wall. When a beta-lactam antibiotic binds to a PBP,
proper cell wall formation is prevented, leading to cell death.
There can be several different PBPs in the same bacterium.

A beta-lactamase is an enzyme (protein) produced by the
bacterium that cleaves to a specific region of the beta-lactam
ring. The resulting alteration in the structure of the antibiotic
molecule causes it to lose its ability to interfere with bacterial
replication, rendering it useless as an antibacterial agent. More
than 170 different beta-lactamases have been identified to date,
a number that has doubled in the last decade.39 Beta-lactamases
share several highly conserved amino acid sequences with
PBPs. The beta-lactamase protein can be thought of as a decoy
protein; in essence, the beta-lactam antibiotic is “tricked” into
binding to the beta-lactamase molecule instead of the PBP.
Once binding has occurred, the beta-lactamase hydrolyzes the
beta-lactam ring, inactivating the antibiotic. 

Genes present in the chromosome or on plasmids can control
production of beta-lactamases. Transposons encode at least 13
plasmid determined beta-lactamases and two extended spectrum
beta-lactamases.39 There frequently are multiple beta-lacta-
mases present in a single organism. Beta-lactamases are
grouped into four classes: A, B, C, and D. Some gram-positive
organisms, such as S. aureus, can secrete class A beta-lactamase
outside the cell, providing population resistance to other organ-
isms in the immediate vicinity. This mechanism may explain

the failure of penicillin therapy in some cases of group A strep-
tococcus pharyngitis.48 Almost all gram-negative bacteria pro-
duce Class C beta-lactamase, which virtually always remains
cell-bound. Class C beta-lactamase is produced at low, clinical-
ly insignificant levels in the absence of antibiotics. However, in
the presence of beta-lactam antibiotics, the genes controlling its
production can be induced, leading to hyperproduction of the
Class C beta-lactamase and highly resistant organisms.
Inducible production of beta-lactamase is particularly common
among isolates of Enterobacter cloacae after exposure to third-
generation beta-lactam antibiotics.39

In a February 1999 study of nursing home patients hospital-
ized for sepsis due to E. coli or Klebsiella, molecular finger-
printing showed seven strain types circulating in this popula-
tion. Closer inspection revealed that 17 of 20 isolates carried the
same plasmid, which coded for a relatively rare beta-lactamase.
This suggests that the outbreak was caused not by clonal spread
of a specific strain of bacteria, but by spread of the plasmid
itself from one strain of bacteria to others. This plasmid con-
ferred resistance to ceftazidime, gentamicin, and tobramycin.49

A second mechanism conferring resistance to beta-lactams is
alteration of PBPs, as discussed above. This is the mechanism
used by S. pneumoniae, which explains why use of a beta-lacta-
mase resistant antibiotic does not overcome penicillin resistance
among pneumococci. Some isolates of S. pneumoniae are inter-
mediately resistant to penicillin, but this low-level resistance
can be overcome by increasing the concentration of the antibi-
otic. This finding has led to recent recommendations for the
treatment of otitis media with high-dose amoxicillin in those
patients who have failed standard therapy.50

Finally, some resistance to beta-lactams is mediated through
alterations in the permeability of the bacterial cell membrane.
Porin deficient mutants of E. cloacae were first recognized in
1985. This porin deficiency conferred resistance to imipenem
due to the inability of the antibiotic to penetrate to the active
site in sufficient quantities.51

Vancomycin. Vancomycin and teicoplanin are related gly-
copeptide antibiotics. They have a unique spectrum of activity
in that they are effective only against gram-positive organisms.
They are used primarily as second-line therapy against peni-
cillin- or cephalosporin-resistant organisms such as staphylo-
cocci or enterococci. Like the beta-lactam antibiotics, glycopep-
tides interfere with bacterial cell wall synthesis, leading to cell
death, but the binding site is unique. The target for glycopep-
tides is the D-alanine-D-alanine terminal of peptidoglycan.
When vancomycin binds, the peptidoglycan terminal is unavail-
able for the peptidase that catalyzes the formation of peptido-
glycan cross bridges. Recall that beta-lactam antibiotics bind
the peptidase itself. Thus, beta-lactams and vancomycin both
block cross-bridge formation, one by binding the peptidase, the
other by binding the target of the peptidase.

Resistance is mediated through Van proteins found in the
cytoplasm of resistant organisms. Van proteins alter the pepti-
doglycan terminal from D-ala-D-ala to D-ala-D-lactate. This
alteration results in the inability of vancomycin to bind, but
does not alter the ability of the organism to form cross bridges. 

Three different resistance phenotypes have been described:
VanA, VanB, and VanC. Expression of VanA and VanB is

Figure 1. Structures of Beta-Lactam 
Antibiotics

Arrow denotes site of beta-lactamase activity.

Reprinted with permission from: Sykes RB, Bonner DP. Aztre-
onam: The first monobactam. Am J Med 1985;98:3.
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Monobactams
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inducible, leading to very high levels of resistance to van-
comycin and teicoplanin in the case of VanA, and resistance to
vancomycin alone in the case of VanB. VanA usually is carried
and transferred on plasmids. VanB is transferable by conjuga-
tion.52 The resistance genes for VanC are probably chromoso-
mal and are not inducible.53

Aminoglycosides. The target of aminoglycosides is the 30S
bacterial ribosome. Ribosomes that are bound in this manner
are unable to carry out the protein synthetic functions for which
they are essential, leading to cell death. Mammalian ribosomes
differ substantially from bacterial ribosomes, and are, therefore,
unaffected by aminoglycosides. 

More than 50 different aminoglycoside-modifying enzymes
have been described.41 These enzymes can change the aminogly-
coside molecule in a manner analogous to the changes induced
in beta-lactam antibiotics by beta-lactamases. The resulting alter-
ations can interfere with the binding of the antibiotic to its target,
leading to resistance. These modifying enzymes can be mediated
by either chromosomes or plasmids, thus providing ample
opportunities for further spread of the resistance genes through
conjugation as previously discussed. Resistance to aminoglyco-
sides due to alterations in permeability also has been described. 

Quinolones. The bacterial target for quinolones is DNA
gyrase or topoisomerase, both of which are vital in cell replica-
tion. In essence, these enzymes aid in the “unwinding” of DNA
so that it can be replicated during cell division. If they are bound
by a quinolone antibiotic, they are prevented from performing
this function. Resistance to quinolones is chromosomally medi-
ated; plasmid-mediated resistance has not been described. The
primary mechanisms used in quinolone resistance are alterations
in the target enzymes or alterations in bacterial permeability to
the antibiotic. Many bacteria use several resistance mechanisms
simultaneously, which may explain the very rapid rate of the
development of resistance to quinolones.54 In a 1991 report, hos-
pital policy was changed to foster the use of quinolones to treat
MRSA. When the policy was instituted, there was virtually no
resistance to quinolones among the staphylococcus isolates.
Within one year, quinolone resistance topped 70%.55 A similar
outcome was documented in another study that examined the
rate of quinolone resistance among Campylobacter isolates. Vir-
tually all isolates from U.S. military personnel in Thailand in
1990 were susceptible to ciprofloxacin. By 1994, 69-79% of iso-
lates were resistant. This rapid rise in resistance was probably
due to two factors: the common use of quinolones in the empiric
treatment of traveler’s diarrhea, and the widespread use of
antibiotics in poultry and other livestock.56,57

Current Concerns
Penicillin-Resistant Pneumococcus (PRP). The first isolate

of PRP was described in 1967 in Papua, New Guinea. Isolates
are classified as sensitive, intermediate, or resistant on the basis
of the concentration of penicillin required to inhibit growth. Cur-
rently, the cut points in use are: sensitive, minimal inhibitory
concentration (MIC) less than 0.1 mcg/mL penicillin; intermedi-
ate, MIC between 0.1 and 1.0 mcg/mL; and resistant, MIC high-
er than 2.0 mcg/mL. Resistance appears to have been acquired
from other organisms, since foreign DNA sequences have been
identified in the resistance genes. It is common to find alter-

ations in many different PBPs within the same organism, so a
resistant strain actually may have many resistance genes.40

Resistance remained relatively rare until the late 1980s, when
rates still hovered around 3-6%.58 A dramatic rise in levels of
resistance occurred in the 1990s, with up to 44% of isolates
showing either intermediate or high level resistance by 1997.59

Fortunately, increased resistance has not lead to increased viru-
lence.60,61 A study in 1995 showed no increase in morbidity or
mortality in children with pneumonia caused by PRP.62

There is a strong correlation between the widespread use of
antibiotics and the development of PRP. Numerous studies, par-
ticularly in day care centers and schools, have shown that recent
antibiotic use increases the risk of PRP colonization in chil-
dren.63,64 Moreover, that risk appears to extend to the children
who have not had recent antibiotic exposure, most likely due to
clonal spread from children with PRP to children without it.65

Vancomycin-Resistant Enterococcus. Resistance to van-
comycin among the enterococci was first reported in 1986.66 Van
genes have thus far been detected only in enterococci, but resis-
tance plasmids have been transferred in vitro to S. aureus, opening
up the frightening prospect that staphylococcus could acquire the
Van genes naturally.67 In vitro transfer of glycopeptide resistance
plasmids also has been demonstrated for Listeria monocytogenes
and streptococci.51 VRE rarely was isolated in U.S. hospitals
before 1990, but by 1998 vancomycin resistance was found in
more than 20% of all hospital isolates of enterococci.68 The rate of
increase of VRE mirrors that of PRP, so much higher resistance
can be expected with each passing year. Data have consistently
shown that there is a strong correlation between the use of broad-
spectrum antibiotics and the development of VRE, particularly
antibiotic regimens aimed at gram-negative pathogens.69-70 Not
surprisingly, the rates tend to be significantly higher in intensive
care units than on the wards within the same hospital.71

The spread of VRE in this decade has lead to a crisis not
unlike the one caused by penicillin-resistant staphylococcus in
the 1950s. In many cases, people who developed life-threatening
VRE infections were left with no available therapy, although
various combinations of alternative antibiotics have been effec-
tive in some. Then, in the late 1990s, several antibiotics from
completely new classes were developed. The first to be released
was quinupristin/dalfopristin (Synercid), the first of a class of
antibiotics known as streptogramins.72 Next came the release of
linezolid from the new class of oxazolidonones.73 These antibi-
otics offer some hope for patients who are infected with VRE or
MRSA, but already quinupristin/dalfopristin-resistant enterococ-
ci have been described.74 A particular concern is that the use of
related compounds to promote growth in poultry may compro-
mise the effectiveness of quinupristin/dalfopristin in humans.75

Methicillin-Resistant Staphylococcus aureus. Resistance
quickly developed in S. aureus after the introduction of peni-
cillin and then spread throughout the world in less than a decade.
This resistance was accelerated by the clonal spread of plasmids
carrying the resistance genes. Affected organisms produced
inducible beta-lactamases, so that even very high doses of peni-
cillin were unhelpful in these infections. By the end of the
1950s, there was virtually no available therapy for those patients
who developed life-threatening infections due to S. aureus.13

Because of this, the development and release of methicillin in



May 2001/Pediatric Emergency Medicine Reports 51

1961 was hailed as a major advance. However, within less than a
year, MRSA was reported. This time, resistance was mediated
through alteration of the PBPs. The resistance gene is transpos-
able, further facilitating its spread. The rise in resistance was
particularly fast among isolates of Staphylococcus epidermidis,
and less so among isolates of S. aureus. In 1975, the rate of iso-
lation of MRSA in U.S. hospitals was still only 2.4%, but by
1991 it had increased to 29%.76 Throughout the 1990s, MRSA
rates increased dramatically. By 1999, MRSA accounted for
53% of S. aureus infections in U.S. intensive care units.77

Most MRSA isolates are resistant to multiple antibiotics. No
isolate of S. aureus has been reported to be fully resistant to
vancomycin, although the first reports of intermediate level
resistance were published in 1997.78 It appears that intermediate
resistance to vancomycin occurs in a step-wise fashion when
MRSA is exposed to vancomycin for prolonged periods. It’s
presence can be difficult to detect by standard laboratory meth-
ods, so clinicians must be alert to its possible role in patients
whose MRSA infections fail to respond to vancomycin. 79 The
inevitability of fully vancomycin-resistant S. aureus already has
prompted discussions about how the medical community
should respond to its arrival.80 As is the case with VRE, MRSA
rates vary from hospital to hospital, but the most dramatic dif-
ferences correlate with the size of the hospital. In 1992, rates of
MRSA in hospitals with more than 500 beds was twice that of
hospitals with fewer than 200 beds. This is probably a reflection
of increased complexity of illness and more broad spectrum
antibiotic use at the larger, tertiary care hospitals.81

Multi-Drug Resistant Tuberculosis (MDR-TB). Perhaps no

microorganism better exemplifies the link between inappropriate
antibiotic use and the development of resistance than MTB. In
this example, improper prescription of antimicrobials is not the
cause of resistance. Rather, it is improper use of the prescribed
antibiotics that leads to resistance. Incomplete, sporadic, or erratic
compliance by infected individuals is a recipe for MDR-TB. 

Soon after therapy for TB became available 50 years ago, it
quickly became evident that a single antibiotic was not likely to
cure the patient with active TB, and in fact, resistant TB often
resulted. Resistance to antituberculous drugs is chromosomally
mediated; a background resistance rate of 10-5 to 10-7 can be
expected with any of the major drugs used for TB therapy.42

This means that in a typical cavitary lesion, which might contain
109 organisms, one should expect to find 10 to 1000 organisms
that are resistant to isoniazid (INH), rifampin, pyrazinamide, or
ethambutol. This explains the failure of single-drug therapy for
cavitary disease. Fortunately, resistance genes are not linked, so
the likelihood that an isolate will be resistant to two drugs simul-
taneously is between 10-10 and 10-14. Thus, in the aforemen-
tioned cavitary lesion, the odds are heavily against an isolate that
is naturally resistant to both INH and rifampin. These facts have
lead to the current practice of providing multiple antituberculous
drugs to patients with active disease. 

MDR-TB refers to isolates that are resistant to at least INH and
rifampin. In 1998, 1.1% of all MTB isolates tested in the United
States showed multi-drug resistance.82 A common misconception
is that the rise of MDR-TB during the 1990s was caused by the
importation of a “superbug” from another part of the world. In
fact, most MDR-TB in the United States is acquired, which is

Figure 2. Drug-Resistant Streptococcus pneumoniae
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defined as resistance in a patient who previously has received anti-
tuberculosis medications. Acquired resistance is generally due to
improper treatment or noncompliance. Primary resistance refers to
MDR-TB that is resistant before any therapy has been given to the
patient. Between 1994 and 1997, about 20% of multi-drug resis-
tant isolates in the United States showed primary multi-drug resis-
tance, while 80% was acquired.83 In theory, primary multi-drug
resistance may be the result of random mutation, but spread of
MDR-TB from an index patient to someone he or she comes into
contact with is far more likely. 

Consider a patient with active pulmonary TB. The patient is
correctly diagnosed, and sputum cultures reveal MTB that is sen-
sitive to all the major antituberculosis medications. The patient is
appropriately placed on a regimen of INH, rifampin, and pyrazi-
namide. He fills the prescriptions for INH and rifampin alone. He
takes his combination therapy for one or two doses, then realizes
that the rifampin is turning his urine red. He decides to stop taking
rifampin. Of the 108 organisms in his cavitary lesion, 106 respond
quickly to the INH, and the number of viable organisms diminish-
es rapidly. The patient begins to feel better. However, 102 of the
original organisms are resistant to INH, and are unaffected by
therapy. Soon, the only organisms left in the cavity are those that
are resistant to INH, and they begin to multiply in the less crowd-
ed environment. In several more weeks, the cavity is occupied by
108 organisms once again, except that now they are 100% resistant
to INH. At this point, the patient begins to feel ill once more, so he
begins to take the rifampin as initially directed. 107 organisms
respond to the rifampin and soon die, but 101 organisms are resis-
tant to rifampin. These organisms then expand their numbers in
the cavity so that, in several weeks, 108 organisms are present
once more, all of which are 100% resistant to both INH and
rifampin. A case of MDR-TB has just been created.

Strategies for Battling Resistance
It may seem that we humans are hopelessly outmatched by

the microbes in our struggle for survival. It is true that we can
never achieve full control over bacteria and the infections they
cause with our current approach, but we do have some tools at
our disposal to aid the effort. Wise use of these tools can result
in countless lives saved or improved. 

Public Health Efforts. While much of the effort to combat
antibiotic resistance must come from individual practitioners
making individual decisions every day, public health programs
are uniquely suited to address some of these problems. An obvi-
ous example is the strategy now being employed by cities across
the United States to combat MDR-TB. The homeless popula-
tion, those with low incomes, inner-city residents, and drug
addicts are among the highest risk groups for infection by MTB.
These groups also are those most at risk for non-compliance
with medications. If TB were an acute illness such as gram-neg-
ative sepsis that runs its course over a short time period, this
danger would be confined largely to the individual with the dis-
ease. But active TB tends to run a much more indolent course,
with some patients surviving for months or even years despite
active infection. During this time both the disease itself and drug
resistance can be disseminated throughout the community. Thus,
the public has a great stake in seeing that TB is treated properly. 

Largely on the strength of this argument, many cities in the

United States have empowered their public health officials to
direct therapy for TB. One of the most successful strategies used
has been directly observed therapy (DOT), whereby a public
health worker supervises the administration of the oral medication,
usually at the public health clinic. A study from Texas in 1994
illustrates the value of this strategy.  From 1980 to 1986, therapy
was prescribed for active TB but was unobserved. During this
period, the rated of acquired resistance rose to 14%, and the
relapse rate was 20.9%. Both of these outcomes would be expect-
ed with poorly compliant patients. From 1986 to 1992, directly
observed therapy was used for all new cases of active TB. By
1992, the rate of acquired resistance dropped to 2%, and the
relapse rate dropped to 5.5%.84 This approach has been so suc-
cessful that some cities even provide for temporary incarceration
in a hospital setting for those who refuse to comply. By the end of
the 1990s, rates of TB and multi-drug resistance were substantial-
ly lower than they were 10 years earlier, a decline that appears to
closely correlate with TB control measures.82

There also are major collaborative efforts between profes-
sional organizations and public health authorities to spread the
word about inappropriate antibiotic use to the general public.
For example, the American Academy of Pediatrics, Centers for
Disease Control and Prevention, and The American Society for
Microbiology have collaborated to produce a brochure entitled
“Your Child and Antibiotics: Unnecessary Antibiotics CAN Be
Harmful.” Copies can be obtained through American Academy
of Pediatrics, which is based in Elk Grove Village, IL. Further
work is needed to evaluate the effect of these interventions. 

Restrict Extended-Spectrum Antibiotics. Many hospitals
have policies in place to restrict the use of extended spectrum
antibiotics, including cephalosporins, monobactams, and van-
comycin. The aim of these policies is to reduce the rate of
increase of resistance by pressing physicians to use antibiotics
with a narrower spectrum of activity. These policies have been
extensively studied, with mixed results.5,85 In one study, an
antibiotic restriction policy was begun in an effort to control
cephalosporin resistance.45 During the study period, authoriza-
tion was required to use extended spectrum cephalosporins.
Exempted categories included children, single-use surgical pro-
phylaxis, bacterial meningitis, bacterial peritonitis, and the out-
patient treatment of gonococcal infections. During the study
period there was an 80% reduction in cephalosporin use
throughout the hospital, and a 44% reduction in ceftazidime-
resistant Klebsiella infection. Another study at Ben Taub Hos-
pital in Houston examined the effect of requiring prior autho-
rization for selected antimicrobials.86 Authorization was
required for the use of amikacin, ciprofloxacin, fluconazole,
ofloxacin, timentin, piptazocillin, and aztreonam. During the
study period total expenditures for antimicrobials decreased by
32%, and susceptibilities to all beta-lactam and quinolone
antibiotics increased. There were no adverse effects on patient
care. In a 1996 study, gastrointestinal tract colonization with
VRE was cut from 47% to 15% in just six months when van-
comycin, clindamycin, and third-generation cephalosporin use
was restricted.87 While these studies and others like them are
promising, these policies require a concerted effort, and if the
restrictions are loosened, a quick return of resistance can result.
Studies of extended spectrum antibiotic restriction programs
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have not been conducted in the outpatient setting, but similar
reductions in resistance could be expected. 

Decrease Selective Pressure of Oral Antibiotics. The
widespread use of antibiotics has created a selective pressure
against sensitive organisms and in favor of resistant organisms.
Will a decrease in the use of these antibiotics reverse the trend?
Perhaps. Studies examining the cost of resistance suggest that,
in the absence of antibiotics, the carriage of resistance plasmids
may place bacterial populations at a competitive disadvantage
relative to non-plasmid containing bacteria.44 Other authors cite
data showing stable inheritance of resistance plasmids even in
the absence of antibiotic-mediated selection, and suggest a
bleak outlook for control of resistance through antibiotic restric-
tion programs.85,88 Some studies have shown a promising reduc-
tion in the rates of resistance with decreased antibiotic use. 

A 1995 study examined the rate of penicillin-resistant S.
pneumoniae in a day care center.65 Among the 59% of children
who were colonized with S. pneumoniae in April, 53% had
highly resistant isolates, and 22% had intermediately resistant
isolates. Seventy-five precent of these children had completed a
course of antibiotics in the preceding two months. Upon re-
examination four months later, 54% were found to be colonized
with S. pneumoniae, but only 7% of strains were highly resis-
tant, and 39% were intermediately resistant. This time, only
46% had taken any antibiotics in the preceding two months.
The authors concluded that the decrease in antibiotic use among
the day care attendees was likely the cause for the lower PRP
rates. Another important finding in this study was that children
in the same day care classroom tended to share the same pulsed
field gel electrophoresis strain types, indicating that horizontal
spread of PRP had occurred among classmates. 

A 1994 study from Japan looked at the rate of erythromycin
resistance among group A streptococcus (GAS) isolates.89 In
the early 1970s, erythromycin accounted for 22% of all the
antibiotics used in the country, and by 1975, GAS showed a
resistance rate to erythromycin of 62%. Soon after, a national
campaign was undertaken to reduce the use of erythromycin.
By 1988, erythromycin accounted for only 8% of all the antibi-
otics used. GAS resistance to erythromycin dropped to 22% in
1982, and has been virtually absent since 1986. 

A study published in 1996 examined rates of antibiotic resis-
tant organisms among children who were prescribed amoxicillin
or sulfa for otitis media prophylaxis.90 These authors showed a
dramatic increase in both beta-lactamase producing organisms
and PRP while the children were on amoxicillin, and conversely,
a dramatic decline in both after cessation of therapy. 

Stop Unwarranted Antibiotic Use. The most obvious
method to reduce antibiotic use and the spread of resistant
organisms is to stop the common practice of prescribing antibi-
otics for non-bacterial illnesses. Gone are the days when a
physician could justify the use of antibiotics for a patient with a
cold by reasoning that “it can’t do any harm.” This casual atti-
tude has, in part, brought us to our current resistance problem.
Antibiotics are effective against bacteria, and should be used for
illnesses that are likely to be bacterial in origin. They are not
effective against viruses, and are rarely indicated for illnesses
that are likely to be viral in origin. Fever is a common symptom
in the pediatric population, but serious bacterial infections
account for only 2-9% of all fevers in children.91-92 Viral infec-
tions account for substantially more than one-half of all fevers
in children, and otitis media and sinusitis account for most of
the rest. Given the high rate of spontaneous resolution of otitis
media and sinusitis, it can be concluded that fewer than 15% of
children with fever truly need immediate antibiotics. And yet,
more than one-half of pediatricians and family practitioners sur-
veyed in a recent study prescribed antibiotics for the common
cold.23 Studies such as this have led to major efforts by national
organizations to curtail antibiotic use. 

The American Academy of Pediatrics has been a particularly
prominent advocate for a more rational use of antibiotics. In
1998, the organization joined with the Centers for Disease Con-
trol and Prevention to co-sponsor a supplement to Pediatrics
titled “Principles of Judicious Use of Antimicrobial Agents for

Table 3. Antibiotic Guidelines93

PHARYNGITIS

•  Most cases are due to viruses.
•  An exam alone is inadequate to establish the presence of 

group A streptococcus (GAS) infection.
•  Rapid antigen detection test and/or culture should be done to 

confirm GAS.
•  Treat only confirmed cases of GAS; empiric therapy is not 

warranted.
•  Penicillin is the drug of choice.

UPPER RESPIRATORY INFECTION (COMMON COLD)

•  Fever lasts 3-5 days, other symptoms 10-14 days.
•  Colored/mucopurulent discharge is part of the natural history,

and is not predictive for sinusitis.
•  Antibiotics are warranted only for complications.

COUGH ILLNESS/BRONCHITIS

•  Virtually always viral in origin in children.
•  Fever is common during first 3-5 days.
•  Cough commonly persists for up to 10 days.
•  Antibiotics may be warranted in cases of prolonged fever or 

persistent cough.

OTITIS MEDIA

•  Acute otitis media (AOM): Middle ear effusion with signs or 
symptoms of acute local or systemic illness.

•  Otitis media with effusion (OME): Middle ear effusion in the
absence of signs or symptoms of acute infection.

•  Spontaneous cure rate is 80-85% in AOM.
•  Red tympanic membrane alone is not diagnostic for AOM.
•  OME should not be treated with antibiotics unless chronic.
•  Half-life of fluid behind a tympanic membrane is 3-4 weeks.

SINUSITIS

•  Viral rhinosinusitis is 20-200 times more common than 
bacterial.

•  Spontaneous cure rate is 60%.
•  Treat for prolonged symptoms (> 10-14 days) or for severe 

symptoms.
•  Radiographs generally not indicated or helpful.
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Pediatric Upper Respiratory Tract Infections.”93 This publica-
tion provides a short but excellent review of the available litera-
ture on the natural history and treatment of otitis media, pharyn-
gitis, acute sinusitis, cough illness/bronchitis, and the common
cold. An update on these recommendations can be found in the
September 2000 issue of Pediatrics.94 A common theme is pre-
sent in all of the recommendations found in these articles. First,
most of these respiratory illnesses, including otitis media and
sinusitis, either have a viral etiology or can be expected to
resolve without antibiotic therapy. Spontaneous resolution of
symptoms can be expected in 80-85% of patients with acute oti-
tis media and in more than 50% of patients with sinusitis. Some
European countries now follow protocols whereby children
with acute otitis media are treated with antibiotics only if their
symptoms persist beyond two days.28,95 Second, antimicrobial
therapy should be directed at the most likely bacterial
pathogens. This requires that health care workers maintain an
awareness of community resistance patterns and changing rec-
ommendations for treating bacterial infections such as acute oti-
tis media.49 Third, we must be careful to use consistent criteria
to diagnose infections such as acute otitis media and sinusitis.
We do our patients no favors by over-diagnosing these condi-
tions and prescribing antibiotics unnecessarily. (See Table 3.)

Conclusion
Good physicians are trained to use their judgment, based on

the known science, when treating individual patients. This is
what is meant by the art of medicine. Policies that may be good
for the population as a whole may be seen by some to be detri-
mental to the individual patient. However, on the subject of
antibiotics, one issue has become clear: When antibiotics are
used inappropriately, not only does the individual patient fail to
benefit, but adverse effects also can be expected both for the
individual and for the community. Our arsenal is limited, and
the bacteria quickly develop countermeasures for anything we
use against them. Thus, it is incumbent upon all physicians to
use antibiotics selectively and wisely. In this way we can delay
our eventual defeat by the microbes. The wise use of antibiotics
is good policy for individuals and for the community. 
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Physician CME Questions

39. Acute bronchitis in children almost always is a viral illness and, with
rare exceptions, is not an indication for antibiotics.
A. True
B. False

40. Office-based studies have shown what rate of antibiotic use for
adults with uncomplicated upper respiratory infection?
A. 0%
B. 25%
C. 50%
D. 75%

41. Recent literature has suggested a link between the use of antibiotics
and the later development of what chronic illness?
A. Seizures
B. Diabetes mellitus
C. Asthma
D. Inflammatory bowel disease

42. What is the clinical finding that best differentiates a common cold
(upper respiratory infection) from sinusitis?
A. Fever
B. Green nasal discharge
C. Headache
D. Duration of symptoms

43. What is (are) the primary strategy(ies) used by bacteria to resist the
action of antibiotics?
A. Alteration of the antibiotic
B. Alteration of the target of the antibiotic
C. Denial of access of the antibiotic to the target
D. All of the above

44. How do linked resistance genes on plasmids cause resistance rates
of multiple antibiotics to increase?
A. Through co-selection
B. Through synergy
C. Through mutation
D. Through randomness

45. What is the primary advantage of using narrow spectrum antibiotics
rather than broad spectrum antibiotics?
A. It decreases the chance that the target organism will become

resistant.
B. It decreases the chance that non-target organisms will become

resistant.
C. It decreases the chance of an adverse reaction to the antibiotic.
D. It decreases the likelihood of non-compliance.

46. Which of the following is not a beta-lactam antibiotic?
A. Aztreonam
B. Vancomycin
C. Ceftriaxone
D. Ticarcillin

47. What is the mechanism by which Streptococcus pneumoniae devel-
ops resistance to beta-lactam antibiotics?
A. Elaboration of multiple beta-lactamases on linked genes
B. Alteration of penicillin-binding proteins
C. Active transport of the antibiotic away from the target proteins
D. Alteration of the terminal end of peptidoglycan

48. What is the approximate current rate of methicillin resistance among
Staphylococcus aureus isolates in U.S. intensive care units?
A. 10%
B. 25%
C. 50%
D. 70%
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