S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Antimicrobial freatment guidelines for acute bacterial

rhinosinusitis

SINUS AND ALLERGY HEALTH PARTNERSHIP*

INTRODUCTION

The Sinus and Allergy Health Partnership, in consul-
tation with representatives of the Centers for Disease
Control and Prevention (CDC), the Food and Drug
Administration (FDA), and individuals from the fields
of infectious disease, pediatric infectious disease,
microbiology, clinical pharmacy, and clinical pharma-
cology, have developed these guidelines as an educa-
tional tool for the healthcare provider involved in treat-
ing patients with acute bacterial rhinosinustis (ABRS).

There are several problems we attempted to address
during the process of writing this document: (1) the
diagnosis of bacterial “sinusitis’ is made too frequently;
patients with viral illnesses of only afew days' duration
are inappropriately labeled as having bacterial disease
and, therefore, (2) patients are prescribed an antibiotic
that is not only ineffective against a viral pathogen but
also has the risk of leading to (3) the development
and/or increase of resistance of various bacteria, includ-
ing Spneumoniae. Another problem frequently encoun-
tered is that in bacterial infections, antibiotics are fre-
guently used without regard to an understanding of their
efficacy against the typical bacterial causes of ABRS.
Little logic existswhen a patient with ABRS isfirst pre-
scribed TMP/SMX, then is switched to cefaclor when
symptoms do not improve, and subsequently is pre-
scribed azithromycin when again there is still no
improvement. No agent in this example provides ade-
guate empirical treatment for S pneumoniae or H
influenzae, both major bacterial pathogensin ABRS.

In this paper the reader is taken on a step-by-step
approach to ABRS. The terminology, incidence, and
definition of ABRS are presented. Various diagnostic
modalities are reviewed. Rather than just create alist of
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antibiotics, numerous factors (eg, microbiology of
ABRS, pharmacodynamic/pharmacokinetic principles,
features of common oral antibiotics, the resistance
mechanisms of bacterial pathogens, and the results of
surveillance studies focused on prevalence of resistant
pathogens) assisting in the selection of antimicrobial
agents are discussed. All this information, in conjunc-
tion with a mathematical model for analyzing treatment
outcomes, leads to the development of rational treat-
ment guidelines that will assist clinicians in providing
optimal treatment for their patients.

Our hope is that these guidelines will be a part of
national and international efforts coordinated by the
CDC and aimed at educating health care providers and
patients about the abuses and overuses of antibiotics.
The misuse of antibiotics should not be a replacement
for spending time talking with and examining the patient
and teaching that patient and/or the patient’s family the
differences between vira and bacteria infections.

We cannot rely on the pharmaceutical industry to
develop new drugs as organisms become resistant;
rather, we must decrease unnecessary antimicrobial use
as a means to reduce the spread of resistance.

We believe further research is necessary to (1) devel-
op better methods to diagnose ABRS, (2) further
explore the clinical application of the antibiotic recom-
mendations presented in this document, and (3) monitor
the levels of bacterial resistance—especially those of S
pneumoniae and H influenzae.

VIRAL RESPIRATORY TRACT INFECTIONS VERSUS
ABRS

In the United States, the average child has 3 to 8 and
the average adult has 2 to 3 acute viral respiratory ill-
nesses per year.1.2 Because up to 90% of these patients
will have CT scan evidence of paranasal sinus involve-
ment, they are considered to have a self-limiting viral
rhinosinusitis (VRS).13 Bacterial infections, also referred
to asABRS, complicate roughly 0.5% to 2% of VRS.14
It is estimated that more than 1 billion cases of VRS
occur annually in the United States. Assuming a 2%
bacterial complication rate, 20 million cases of VRS are
complicated by ABRS annually. In addition to its public
health implications, rhinosinusitis has a considerable
economic impact. In 1996, the primary diagnosis of rhi-
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nosinusitis led to expenditures of approximately $3.39
billion in the United States.®

The National Center for Health Statistics conducts a
sample survey of office-based physicians in the United
States called the NAMCS. Datafrom NAMCS for 1980,
1985, 1989, 1992, and 1995 indicate an increase in the
number of adult visitsto physicians’ offices resulting in
a diagnosis of acute or chronic rhinosinusitis.6.7
According to NAMCS data, sinusitis is the fifth most
common diagnosis for which an antibiotic is prescribed.
A diagnosis of rhinosinusitis was made for 7%, 9%, and
12% of all antibiotic prescriptions written in 1985,
1989, and 1992, respectively.6

As the total nhumber of antibiotic prescriptions in-
creased throughout the last decade, resistance to antimi-
crobial agents among bacterial respiratory pathogens
emerged as a significant public health issue. Because
antibiotic use is causally related to the development and
spread of bacterial drug resistance, 811 strategies resulting
in prudent and rational antimicrobial use are increasingly
important. In rhinosinusitis, two scenarios for antibiotic
prescribing are of particular concern. Firgt is the frequent
treatment of uncomplicated VRS with antimicrobials.
Second is the selection of antimicrobia agents without
documented efficacy. The god of this panel isto develop
guiddines for the judicious use of antibiotics in the treat-
ment of ABRS.

DEFINITION AND DIAGNOSIS OF ABRS

In 1997, the American Academy of Otolaryngology—
Head and Neck Surgery developed working definitions
for sinusitis to clarify communications among providers
and researchers.12 Because sinusitis is usually preceded
by rhinitis and rarely occurs without concurrent rhinitis,
it was decided that sinusitis be best described as rhino-
sinusitis. The terms acute, subacute, recurrent acute, and
chronic rhinosinusitis were reviewed. This terminology
was subsequently adopted by the Agency for Healthcare
Research and Quality in the development of their 1999
document on the diagnosis and treatment of ABRS.”

Pathophysiologic Characiteristics of ABRS

ABRS is most often preceded by avira URI. Allergy,
trauma, or other environmental factors that lead to
inflammation of the nose and paranasal sinuses may also
predispose individuals to ABRS. Approximately 50% of
common colds are caused by the human rhinovirus.
Other viruses that cause colds include coronavirus,
influenzaA and B viruses, parainfluenzavirus, respirato-
ry syncytia virus, adenovirus, and enterovirus. Human
rhinovirus and coronavirus do not cause major epithelia
damage, but influenza virus and adenovirus do damage
the nasal epithelium.1314 Most of these infections occur
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in the early fall to early spring seasons. Human rhi-
novirus entersthe nose and attachesto arhinovirus recep-
tor on epithelial cells in the posterior nasopharynx.15
Subsequent activation of both inflammatory pathways
and the parasympathetic nervous system generates the
symptoms and signs of vira rhinitis and vira sinusitis.

In astudy of 31 patients by Gwaltney et a,3 87% of
adults with acute onset of URI symptoms demonstrated
inflammation within the nose and viscous secretions,
sometimes with bubbles, in the sinuses on CT scan.3
After 2 weeks without antibiotic therapy, repeat CT
scansin 14 subjects revealed that 79% had either disap-
pearance of or marked improvement in the previously
identified abnormalities.

The fever, myalgia, and pharyngitis associated with
aviral URI tend to resolve after 5 days. Nasal conges-
tion and cough may persist into the second and third
week (Figure 1).16 Fever alone at day 10 is not sugges-
tive of ABRS. Approximately 0.5% to 2% of adult
patients with a viral URI have a secondary bacterial
infection of the paranasal sinuses develop. The causes
of secondary bacterial invasion of the sinuses are
unknown, but a combination of factors such as nose
blowingl local/systemic immunity, the virulence of the
virus, colonization of the nasopharynx with potential
bacterial pathogens (eg, S pneumoniae), and various
environmental factors may lead to conditions that are
conducive for bacterial entry and growth in the sinuses.

Differentiating a viral URI from ABRS is more
challenging in children than adults.2 Because the aver-
age child has 3 to 8 viral URIs per year, the potential
for inappropriate antibiotic use is high.18 The mean
duration of aviral URI ranges between 6.6 days (1- to
2-year-old children in home care) and 8.9 days (chil-
dren <1 year old in day care). Upper respiratory tract
symptoms may, however, last more than 15 days in
6.5% (1- to 3-year-old children in home care) to 13.1%
(2- to 3-year-old children in day care) of cases. Children
in day care are more likely to have protracted respiratory
symptoms.19 A variable percentage of children with
URI symptoms will be prescribed an antibiotic.20.21

Clinical Diagnosis

Patients with a common cold usually report some
combination of the following symptoms: sneezing, rhi-
norrhea, nasal congestion, hyposmia/anosmia, facial
pressure, postnasal drip, sore throat, cough, ear fullness,
fever, and myalgia. Contrary to popular belief, achange
in the color or the characteristic of the nasal discharge
is not a specific sign of a bacterial infection.22-26 After
a few days of a viral infection, mucopurulent nasal
secretions may occur because of an influx of neu-
trophils. The point at which aviral URI becomes super-
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Fig 1. Duration of symptoms in rhinovirus URIs. There are 3 patterns of symptoms and resolution: (1)
fever and myalgia, (2) sneezing and sore throat, and (3) cough and rhinorrhea, which are common
and persistent in a significant proportion of patients. Persistence of these last 2 symptoms is entirely
consistent with an uncomplicated rhinovirus infection.16

Table 1. Symptoms associated with bacterial
rhinosinusitis

Nasal drainage

Nasal congestion

Facial pain/pressure (especially when unilateral and focused in the
region of a particular sinus group)

Postnasal drip

Hyposomia/anosmia

Fever

Cough

Fatigue

Maxillary dental pain

Ear fullness/pressure

A diagnosis of ABRS may be made in adults or children with aviral URI that
is no better after 10 days or worsens after 5 to 7 days and is accompanied by
some or al of these symptoms.

Modified from Lanza DC, Kennedy DW. Adult rhinosinusitis defined.
Otolaryngol Head Neck Surg 1997;117:S1-7.

infected with pathogenic bacteria can only be deter-
mined with repeated sinus aspiration studies. Sinus
aspiration studies in adults demonstrate significant bac-
terial growth in approximately 60% of patients with
URI symptoms lasting at least 10 days.2” The risk that
bacteria superinfection has occurred is greater if theill-
ness is no better or worse after 10 days. Because there
may be cases that fall out of the “norm” of this typical
progression and have specific findings suggesting bac-
terial infection (fever, facia erythema, swelling, and
severe pain), practicing clinicians need to rely on clini-
cal judgment when using these guidelines. In general,
however, adiagnosis of ABRS may be made in adults or
children with aviral URI that is no better after 10 days

or worsens after 5 to 7 days and is accompanied by
some or al of the following symptoms:. nasal drainage,
nasal congestion, facial pressure/pain (especialy when
unilateral and focused in the region of a particular
sinus), postnasal drainage, hyposmia/anosmia, fever,
cough, fatigue, maxillary dental pain, and ear pres-
sureffullness (Table 1).

Diagnostic Modalities

Physical examination provides limited information
and is not extremely useful in the diagnosis of ABRS.
Unlike acute otitis media, in which the tympanic mem-
brane and middle ear space are readily available for
direct examination, the paranasal sinuses are hidden
deep within the skull. Anterior rhinoscopy (with or
without topical decongestant) allows examination of the
mucosa of the inferior turbinate, secretions within the
anterior nose, and the orientation of the nasal septum.
Fiberoptic endoscopy allows visualization of the middle
meatus, and direct culture of purulence in this region
may correlate with cultures from maxillary sinus aspi-
rates.28.29 Endoscopy, however, is not necessary in un-
complicated cases of ABRS. Transillumination has a
60% and 90% reproducibility rate for assessing disease
within the maxillary sinuses and the frontal sinuses,
respectively, but this does not differentiate bacterial
from vira infection.30

B-mode ultrasound has replaced A-mode ultrasound
for the diagnosis of diseases within the paranasal sinuses.
However, because only the maxillary sinus can be ade-
quately assessed, B-mode ultrasound has limited utility.
A study correlating CT scan and B-mode ultrasound
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Fig 2. Gram-positive and gram-negative bacteria have different configurations of their cell walls. PBPs

play an important role in cell wall synthesis.

findings demonstrated a sensitivity for ultrasound of
72.8% for the maxillary sinuses, 23.1% for the frontal
sinuses, and 11.3% for the ethmoids.31 Compared with
clinical evaluation, the sensitivity of B-mode ultrasound
was 36% and the specificity was 90%.32 Because ultra-
sound is technique-sensitive, there may be marked vari-
ations in the reliability of the information provided.33
Ultrasound cannot distinguish between viral and bacte-
rial rhinosinusitis.

Plain film radiographs primarily reveal pathologic
findings in the maxillary and frontal sinuses, whereas
the ethmoids are poorly visualized. Additionally, plain
radiographs are imprecise at determining the extent of
disease.34 A meta-analysis of 6 studies demonstrated
that positive plain film radiographs have moderate sen-
sitivity (76%) and specificity (79%) compared with
maxillary sinus puncture.” A negative radiograph has
more diagnostic value than either a negative clinical
examination or ultrasound. CT scans clearly demon-
strate abnormalities within the sinuses. However, as
previously noted, abnormalities are frequently found on
CT scans of patients with viral respiratory disease.3
MRI scans, without exposing patients to ionizing radia-
tion, distinctly reveal mucosal thickening and fluid
within the paranasal sinuses. In patients with maxillary
sinusitis, seria MRI scans demonstrate mucosal thick-
ening persisting for up to 8 weeks.35> CT and MRI scans
are not indicated in uncomplicated cases of ABRS but
are appropriate for cases with complications or thosein
which a serious problem may be suspected.

Puncture of the maxillary sinus, through the canine
fossa or the inferior meatus, provides material that may
be cultured to identify bacterial isolates. Technical
expertiseisrequired to minimize complications, and it is

somewhat uncomfortable for the patient. Maxillary sinus
puncture is not routinely used in cases of suspected
ABRS. It is usualy reserved for the research setting or
for patients with unresponsive or complicated infections.

MICROBIOLOGY OF ABRS

Bacteria are broadly classified into groups based on
their cell wall composition, morphologic characteris-
tics, and metabolic requirements. The cell wall, an
important determinant of inherent susceptibility or
resistance for any bacterium to many antimicrobial
agents, consists primarily of proteins, lipids, and a pep-
tidoglycan layer. The peptidoglycan layer is composed
of oligosaccharide chains cross-linked by short peptides
that serve as the major structural component for main-
taining cell wall integrity. Although gram-positive and
gram-negative bacteria share many common structural
elementsin their cell walls, the organization and content
of these elements vary between these two bacterial
classes (Figure 2). The cell wall of gram-positive bacte-
ria consists almost entirely of a thick peptidoglycan
layer fused to the outside of the cytoplasmic membrane.
Gram-negative bacteria, however, have cell walls com-
posed of a hydrophobic lipopolysaccharide capsule sur-
rounding a lipoprotein-phospholipid membrane that
contains small channels called porins. A thin peptido-
glycan layer lies between the outer membrane and the
inner cytoplasmic membrane. These two biologic layers
are separated by the periplasmic space. This spaceisan
important site for degradation of antibiotics by drug
inactivating enzymes, such as 3-lactamases, in gram-
negative bacteria. Penicillin-binding proteins (PBPs),
enzymes essentia for cell wall synthesis, are located in
the cytoplasmic membrane. PBPs are found in gram-
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Fig 3. Ranges of prevalence of the major pathogens associated with ABRS in adults.

negative and gram-positive organisms. Altered PBPs,
which have decreased affinity for 3-lactams, have been
identified in a variety of organisms.

The most common bacterial isolates recovered from
the maxillary sinuses of patients with ABRS are Spneu-
moniae, H influenzae, other streptococcal species, and
M catarrhalis. A review of sinus aspiration studies that
have been performed in adults with ABRS have shown
that S pneumoniae is isolated in approximately 20% to
43%, H influenzae in 22% to 35%, and M catarrhalisin
2% to 10% of aspirates (Figure 3).1.27.36-38 |n children
with ABRS, S pneumoniae isisolated in approximately
35% to 42%, whereas H influenzae and M catarrhalis
are each recovered from about 21% to 28% of aspirates.
Sreptococcus pyogenes and anaerobes account for 3%
to 7% (Figure 4).27.36.37,39,40 Other bacterial isolates
found in patients with ABRS include S aureus and
an%robes27,36,37

S pneumoniae

Streptococci are gram-positive, catalase-negative,
facultatively anaerobic spherical bacteria that are typi-
cally seenin pairs or chains. They are nutritionally fas-
tidious, requiring complex media containing blood or
serum for growth, and growth is often enhanced by a
carbon dioxide—enriched atmosphere. S pneumoniae
belongs to the a-hemoalytic group of streptococci and is
distinguished from the viridans group by its occurrence
in pairs, the requirement for carbon dioxide for primary
isolation, and for autolysing in the presence of bile salts
(bile solubility) and optochin (inhibition by optochin-
containing disks). Pneumococci are usually encapsulated,
and the capsular polysaccharides are used for serologic
classification. There are 90 antigenically distinct capsu-

lar serotypes in 42 distinct serogroups that have been
described. Some of the serotypes have common anti-
gens and are grouped together in serogroups, account-
ing for the designations of 6A and 6B, for example, in
serogroup 6.

Sequential colonization of the nasopharynx with
pneumococci of different serotypes occurs, starting
soon after birth, with each strain persisting for 1 to 12
months. Point preval ence surveys have shown that up to
two thirds of children and one third of adults have
nasopharyngeal colonization with pneumococci, with
prevalence being highest in winter and during respirato-
ry viral infections.#1 More than 90% of children demon-
strate colonization by 3 years of age; the frequent
serotypes/serogroups colonizing infants are 6, 9, 14, 19,
and 23.42 Pneumococci have aso been shown to have a
high frequency of genetic recombination, and strains
carried in the nasopharynx may frequently change
serotype.43

The incidence of disease varies with serotype, and
infection caused by serotype 14 and serogroups 6, 9, 18,
19, and 23 ishighest in children, whereas that caused by
serotypes 3 and 8 is highest in adults. Serotypes 1, 5,
and 7 and serogroup 4 tend to cause disease at similar
frequency in al age groups. Furthermore, it has been
found that only 12 serogroups account for approximately
80% of infections.44 Seven serotypes, 14, 6B, 19F, 18C,
23F, 4, and 9V (in order of decreasing frequency)
accounted for 78% of isolates from blood, cerebrospinal
fluid, and middle ear sources of children in the United
States.4> These are present in the newly available con-
jugated pneumococcal vaccine.

Antimicrobial resistance is seen mainly in serotypes
6A, 6B, 9, 14, 19F, and 23F. These serotypes are aso
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Fig 4. Ranges of prevalence of the major pathogens associated with ABRS in children.

present in the newly available conjugated pneumococ-
cal vaccine. Serotypes 1 through 5, 7, 11, 15, and 18
rarely have antibiotic-resistant genes. The reasons for
these differences are unknown.

H influenzae

This organism belongs to the genus Haemophilus,
which consists of small, pleomorphic, and facultatively
anaerobic gram-negative bacilli. Most species have com-
plex nutritional requirements, and growth is enhanced by
a carbon dioxide—enriched atmosphere. H influenzae is
characterized by its requirement for both hemin (X fac-
tor) and NAD (V factor). Strains of H influenzae may be
either encapsulated or unencapsulated; encapsulated
strains include 6 serotypes (serotypes ato f). H influen-
zae type b was the leading cause of bacteremia and
meningitisin children before the introduction of effective
vaccines for this serotype. However, nontypeable strains
typically cause URIs such as atitis media, sinusitis, and
acute exacerbations of chronic bronchitis; accordingly,
the occurrence of these infections has not been affected
by the use of type b vaccines. Strains of nontypeable H
influenzae sequentially colonize the nasopharynx; this
process starts in infancy. By 2 years of age 44% of chil-
dren demonstrate colonization, with each strain being
carried for 1 to 7 months (mean 2.2 months).46
Production of H influenzae—specific IgA resultsin eradi-
cation of carriage of a strain, which isfollowed by acqui-
sition of a new strain with different surface proteins.

M catarrhalis

This species consists of aerobic, oxidase-positive,
gram-negative diplococci. It has much less fastidious

growth requirements than either streptococci or Haemo-
philus species and will grow on simple media without
blood or serum.

Asisthe case with S pneumoniae and H influenzae,
M catarrhalis colonizes the nasopharynx in early child-
hood; 78% of children demonstrate colonization by 2
years of age.4’ Each child is sequentially colonized
with different strains of M catarrhalis. Otitis-prone
children are more frequently colonized than normal
children.

Nasopharyngeal Flora

Starting soon after birth, the nasopharynx is colo-
nized with flora such as viridans streptococci,
Corynebacterium species, Neisseria species, and anaer-
obes. Colonization with “respiratory pathogens’ occurs
intermittently as discussed, and by 12 months of age
70% of children are colonized by at least 1 of the 3
major respiratory pathogens. S pneumoniae, H influen-
zae, and M catarrhalis. Colonization by these patho-
gens increases considerably during periods of viral
URI and often results in these organisms causing bac-
terial otitis media and sinusitis. In addition, adminis-
tration of antimicrobials increases carriage of antimi-
crobial-resistant strains of these bacterial pathogens.48
Adults also have colonization of the nasopharynx,
but their duration of carriage is shorter than in
children.49

ASSESSMENT OF ANTIMICROBIAL ACTIVITY

Numerous methods may be used to assess the in
vitro activity of an antibiotic. Tests such as the minimal
inhibitory concentration (MIC), minimal bactericidal
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Fig 5. MIC is the lowest concentration of the antimicrobial that results in the inhibition of growth of a
microorganism. MICs are generally performed by placing a known inoculum of bacteria info media
containing a range of doubling concentrations of the antimicrobial (eg, 0.5 pg/mL, 1 pg/mL, 2 ug/mL,

4 pg/mL). The MIC in this figure is 4 pg/mL.

concentration (MBC) or minimum lethal concentration,
and time-kill testing are valid methods for the assess-
ment of antimicrobial activity. It is, however, important
to understand the usefulness and limitations of each of
these tests.

Antimicrobial activity is commonly evaluated by
determining the MIC of a particular antibiotic against a
specific bacterial strain (Figure 5). Therefore, if an MIC
isreported as 2 pg/mL, the true inhibitory concentration
is somewhere between >1 pg/mL and 2 pg/mL. Two
other terms used are MICxgp, the MIC that inhibits 50%
of the isolates tested, and MICgy, the MIC that inhibits
90% of the isolates tested. It is extremely important to
remember that the MIC is an in vitro characteristic of
the antimicrobial and is determined under strictly
adhered to conditions. Because the environmental con-
ditions at the site of infection rarely correspond to in
vitro susceptibility test conditions, effects of elements
such as oxygen tension, pH, and protein binding on the
activity of the antimicrobial of interest need to be con-
sidered. For example, low pH can have a significantly
detrimental effect on the activity of the macrolides.
Therefore, even if an organism appears susceptible in
vitro, clinical failure may occur if in vivo conditions
detract from the activity of the drug. Similarly, some
host factors may actually serve to improve the in vivo
activity of an antimicrobia. Macrophages, opsonic fac-
tors, and complement may all act synergistically with
an antibiotic and thus provide enhanced antibacterial

activity over that which would be predicted in vitro.
Additionally, many bacterial infections resolve sponta-
neously without the use of antimicrobia agents.

The MIC defines the amount of an antimicrobia neces-
sary to inhibit the growth of a microbe. In contrast, the
MBC provides information regarding the concentration of
drug required to kill the organism. The MBC, like the
MIC, isanin vitro test that is subject to similar limitations
inrelation to clinicd effectiveness. The MBC is calculated
by determining changesin inocula of bacteriaincubated in
the presence of varying drug concentrations over time and
is defined as the lowest drug concentration that resultsin a
99.9% reduction in viable count at 24 hours compared
with the initia inoculum. MBC values generaly range
from 0 to 2 doubling dilutions higher than MIC vaues.
Because MICs are better standardized, less costly, and less
labor intensive, they are used more often than are MBCs.
However, if the MBC is much higher than the MIC (unless
the drug is not known to be bacteriogtatic), the organism is
said to display tolerance to the antimicrobial.

BACTERIAL RESISTANCE IN ABRS
Mechanisms of Bacterial Resistance

There are 3 primary mechanisms by which antimicro-
bial resistance is expressed: (1) production of antibiotic-
inactivating enzymes, (2) alteration of the antimicrobial
target site, and (3) ateration of the bacterial influx/
efflux processes. Bacteria may exhibit some or all of
these different mechanisms.
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Antibiotic-inactivating enzymes. Enzymes have
been identified that result in the inactivation of sever-
al classes of antimicrobials including the macrolides,
lincosamides, and tetracyclines. However, the most
familiar class of antibiotic-inactivating enzymes is the
B-lactamases. These enzymes, which hydrolyze the
amide bond of the B-lactam ring, resulting in inactiva-
tion, have been isolated from numerous gram-positive
and gram-negative bacteria. 3-Lactamase production
can be either constitutive (not requiring antibiotic expo-
sure) or inducible (production is stimulated by the pres-
ence of an antimicrobial).

In an effort to overcome the effects of B-lacta-
mase-mediated resistance, new antibiotics that are resis-
tant to B-lactamase hydrolysis as well as B-lactamase
inhibitors have been developed. Clavulanic acid is a
broad-spectrum irreversible inhibitor of 3-lactamases of
staphylococci and many gram-negative bacteria. Because
the clavulanic acid is destroyed in the process of 3-lacta
mase inhibition, it is often described as a “suicide
inhibitor.” Combinations such as amoxicillin/clavulanic
acid are useful for the treatment of many B-
lactamase—producing bacteria including S aureus, H
influenzae, and M catarrhalis. Other 3-lactamase inhibi-
tors include tazobactam and sulbactam. It isimportant to
note that 3-lactamase inhibitors only serveto increase the
amount of the active -lactam compound that reaches the
target site and is available to exert its activity against oth-
erwise susceptible bacteria. Therefore, if the bacteria are
not inherently susceptible to the 3-lactam in the absence
of B-lactamase, addition of a B-lactamase inhibitor will
not make the organism susceptible to the drug.

Alteration in target site. The target or binding site for
an antimicrobia is the component of the bacterium to
which the antimicrobial must attach to produce its
desired effect. If a change occurs in the configuration of
the binding site, the affinity of the antimicrobia for the
target site may be significantly decreased. As aresult, the
action of the drug against the bacterium may be signifi-
cantly lessened or eliminated. Targets with reduced affin-
ity for antimicrobia binding have been described for 3-
lactams, macrolides, and quinolones.

For S pneumoniae, resistance to -lactams devel ops
as a stepwise ateration of PBPs that leads to a decrease
in the binding affinities of the B-lactams.>0 Various
degrees of resistance may develop because numerous
changes can occur to alter PBP affinity for the B-lac-
tams.51 PBP 2b alterations are responsible for most of
the resistance in S pneumoniae.

Fluoroquinolone resistance can occur as a result of
alterationsin binding sites. Target site aterations gener-
ally occur in a 2-step fashion. With S pneumoniae, for
instance, an initial alteration in the parC gene that
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encodes for topoisomerase IV results in low-level
quinolone resistance. A second mutation at the gyrA
gene encoding for the Gyr A subunit of DNA gyrase
results in the expression of high-level quinolone resis-
tance. Although cross-resistance commonly occurs
among the fluoroquinolones, the newest agents often
remain active against strains that have become resistant
to older agents. The different fluorogquinolones likely
target and interact with different regions of the DNA
gyrase and topoisomerase molecules because a variety
of mutations in the genes encoding the 2 enzymes can
confer fluoroguinol one resistance.

Resistance to TM P/sulfonamide combinationsisalso
primarily aresult of alterationsin the target binding sites
(eg, dihydropteroate synthase, dihydrofolate reductase).

Alteration in bacterial influx/efflux processes.
Before an antimicrobial can exert its desired biologic
effect, it must first penetrate severa protective barriers of
the microbe. These barriers, which include the inner
membrane, cell wall, and outer membrane (gram-nega
tive bacteria), help the cell to regulate flow of substances.
Lipophilic substances are capable of passive diffusion
across these membranes; however, passage of
hydrophilic materials may be facilitated by water-filled
porin channels. Porins are one mechanism by which
antimicrobials may traverse the hydrophobic barriers.
Antimicrobials may also enter the cdll through protein-
mediated transport. If a change occursin either the num-
ber or configuration of porin channels or transport pro-
teins, the ability of an antimicrobid to reach itsactive site
may be greatly reduced. Another structural change that
can significantly reduce the concentration of antibiotic at
the target site is the activation of antimicrobial efflux
pumps. Thisisan important mechanism of resistance reg-
ulated by the activation of energy-dependent proteins that
actively pump antimicrobials out of the cell.

Mechanisms of macrolide resistance. Macrolide
resistance results from destruction by drug-modifying
enzymes, ateration in ribosomal binding sites, and
decreased cellular permeability. There are two impor-
tant genes responsible for macrolide resistance: erm (a
ribosomal methylase) and mef (a macrolide-specific
efflux mechanism). Among isolates of S pneumoniae,
resistance results most frequently from target site mod-
ification (methylation) and altered efflux pumps
(mef).5253 The efflux mechanism confers a more moder-
ate degree of resistance compared with the high level of
resi stance seen in strains possessing the methylase mech-
anism. The efflux mechanism is generally more common
in the United States and relatively uncommon in most
other parts of the world. Ribosoma methylase mediated
but not efflux macrolide resistance confers cross-resis-
tance to clindamycin. Macrolide use is therefore the most
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Fig 6. Prevalence of intermediate and resistant S pneumoniae to penicillin has been increasing over
the past decade in the United States. Percentages ranged from 25% to 50% depending on the sur-

veillance study used in 1997 to 1998.

Table 2. Interpretative breakpoints for penicillin
againist S pneumoniae

Penicillin MIC Interpretation
<0.06 pg/mL Susceptible
0.12-1.0 pg/mL Intermediate*
22.0 pg/mL Resistant*

*Nonsusceptible includes intermediate and resistant categories.

likely cause of the measurable increase in S pneumoniae
resistance to macrolides and to clindamycin.

Prevalence of Resistance in Isolates of S pneu-
moniae

Isolates of S pneumoniae with penicillin MICs of
<0.06 pg/mL are defined as susceptible. Intermediate
strains have penicillin MICs of 0.12 to 1.0 ug/mL., where-
asresistant isolates of Spneumoniae have penicillin MICs
of 22 pg/mL. These two groups are often referred to as
“penicillin nonsusceptible” (Table 2). DRSP is a term
used to describe isolates of S pneumoniae with penicillin
MICsof >0.06 ug/mL and/or resistanceto other classes of
antibiotics. Multidrug-resistant S pneumoniae is defined
asan organism resistant to 3 or more classes of antibiotics.

The increasing prevaence of isolates of Spneumoniae
that are penicillin nonsusceptible is a problem in the
United States (Figure 6).5456 |n the late 1980s and early
1990s penicillin nonsusceptible S pneumoniae became a

major concern.> One recent source of resistance data for
isolates of S pneumoniae comes from the US component
of the 1998 Alexander Project, a surveillance study that
collected respiratory tract isolates from community-based
physicians throughout the United States. The US compo-
nent of the 1998 Alexander Project demonstrated that
16.1% and 28.6% of the S pneumoniae isolates were peni-
cillin-intermediate and penicillin-resistant, respectively.56
The prevalence of penicillin resistance was significantly
higher in middle ear and sinus isolates than in strains
recovered from other sites. A 1998 CDC surveillance
study of invasive (ie, blood or cerebrospinal fluid) Spneu-
moniae isolates from hospitals and clinical laboratories
demongtrated that 10.5% and 13.9% of the isolates were
penicillin-intermediate and penicillin-resistant, respec-
tively.57.58 The disparity in the prevalence of penicillin
nonsusceptible S pneumoniae isolates in these studies
may be related to the isolates from the US component of
the 1998 Alexander Project being more likely to originate
from patients not responding to treatment. The true preva
lence of penicillin-nonsusceptible S pneumoniae probably
lies somewhere in between that reported in the 2 studies.
The US component of the 1998 Alexander Project
reported a prevalence of macrolide-, clindamycin-,
TMP/SMX-, and doxycycline-resistant S pneumoniae
isolates of 32.5%, 10.8%, 43.2%, and 21.7%, respective-
ly. Macrolide, clindamycin, TMP/SM X, and doxycycline
resistance were most prevaent in penicillin-intermediate
and penicillin-resistant Spneumoniaeisolates (Figure 7).56
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Fig 7. Cross-resistance between penicillin and other drug classes in S pneumonliae. As resistance of §
pneumoniae to penicillin rises, resistance to other antibiotics also increases.

Only 2.7% of the isolates of S pneumoniae were resistant
to ofloxacin.®

DRSP isolates are most prevalent in children younger
than 2 years of age, especialy those with prior antibiotic
exposure. In otitis media, DRSP has been associated with
bacteriologic treatment failure for several ora
cephal osporins and macrolides.

Prevalence of Resistance in Isolates of H influen-
zae and M catarrhalis

[-Lactamase production is the primary mechanism of
resistance for isolates of H influenzae and M
catarrhalis.®® The US prevalence of (3-lactamase produc-
ing isolates of H influenzae hasincreased over the past 15
years and is currently stable at approximately 40%
(Figure 8).60-64 The US component of the 1998 Alexander
Project reported a 36.8% prevalence of -lactamase pro-
duction in isolates of H influenzae.56 Sinus specimens
from adults aged 31 to 50 years tend to have a higher
prevalence of B-lactamase—producing isolates of H
influenzae.®>

Currently available macrolides (including azithro-
mycin and clarithromycin) have intrinsically poor “base-
ling" activity against isolates of H influenzae. In otitis
media, “double tap” eradication studies showed these
agents had an H influenzae eradication rate comparable to
placebo.65 In the US component of the 1998 Alexander
Project, 24% of isolates of H influenzae were TMP/SM X -
resistant and none were fluoroquinolone-resistant.56 The
B-lactams amoxicillin/clavulanate, cefixime, and cefpo-

doxime proxetil are very effective against B-lacta-
mase—producing H influenzae.

The 1998 outpatient US prevalence of f3-
lactamase—producing isolates of M catarrhalis was 98%.
More than 90% of isolates of M catarrhalis were resis-
tant to TMP/SMX. All theisolate of M Catarrhalis were
susceptible to amoxicillin/clavulanate, cefixime, fluoro-
quinolones, and macrolides/azalides.>6

Antimicrobial Use and Bacterial Resistance

The extensive use of antibiotics may be associated with
the devel opment and spread of resistant microorganisms.8-11
Nasopharynged carriage of resistant isolates of S pneumo-
niaeis relaed to recent antimicrobia use aswell as living
in an areawith a high volume of antibiotic use.® The preva-
lence of B-lactamase—producing isolates of M catarrhalis
was found to grow with increasing consumption of
cepha osporins.8 In Finland, consumption of erythromycin
was related to an increase in the prevalence of ery-
thromycin-resistant group A streptococci.l! However, a
steady and statistically significant decline in macrolide
resistant group A streptococci occurred after reducing the
use of macrolide antibiotics for 2 years.10 These datarein-
force the rationale for judicious antibiotic use.

ANTIMICROBIAL SELECTION IN ABRS
Antimicrobial Classes

Antimicrobial classes include B-lactams, fluoro-
quinolones, macrolides/azalides, lincosamides, tetracy-
clines, and sulfonamides/trimethoprim.
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Fig 8. Prevalence of B-lactamase production by H influenzae in the United States from 1986 to 1998.

B-Lactams. The B-lactam class of antimicrobials
includes a broad range of compounds with significantly
different spectra of activity. These agents all share a
common structural component: the B-lactam ring. The
B-lactams exert their antibacterial action through inhibi-
tion of cell wall synthesis. This action is accomplished
through the binding of the antimicrobial to the various
PBPs in the cell wall. There are 6 different PBPs in
penicillin-susceptible S pneumoniae: 1a, 1b, 2b, 2x, 2z,
and 3.

Oradlly available agents include the penicillins (with
and without -lactamase inhibitor compounds) and the
cephal osporins. Cephalosporins have been modified to
broaden the spectrum of antimicrobial activity, enhance
pharmacokinetic properties, and circumvent the prob-
lem of drug degradation by -lactamases.

Amoxicillin (Amoxil). A less potent but better
absorbed derivative of ampicillin, amoxicillin is rela-
tively safe and well tolerated. Activity is limited by its
destruction by the B-lactamases produced by some
strains of H influenzae, M catarrhalis, Saphylococcus,
and gram-negative oral anaerobic species. Given its
intrinsic activity and excellent bioavailability, amoxi-
cillin is generally considered the most active of al the
oral B-lactams against streptococci, including pneumo-
cocci. Resistance to penicillin in isolates of S pneumo-
niae is relative and may be overcome in most cases by
using higher doses of amoxicillin. Although the typical
adult amoxicillin doseis 1.5 to 1.75 g/day and the typi-
cal pediatric amoxicillin doseis 40 to 45 mg/kg per day,

2 to 3 times higher daily doses may be necessary to
eradicate isolates of Spneumoniae. Even the high doses
may not be sufficient to treat the most highly penicillin-
resistant S pneumoniae strains. High-dose amoxicillin
has not been approved by the FDA or systematically
evaluated, and its safety profile is not yet well defined.

The intrinsic activity of amoxicillin against B-lacta-
mase-negative strains of H influenzae is fair to good.
Amoxicillinis 20 to 50 times | ess potent than third-gen-
eration cephalosporins (eg, cefixime, cefpodoxime
proxetil), and some failures may be expected in infec-
tions caused by [-lactamase-negative strains of H
influenzae treated with standard doses of amoxicillin.
High-dose amoxicillin may alleviate this problem. How-
ever, amoxicillin is ineffective against B-lactamase—
producing strains.

Amoxicillin/clavulanate (Augmentin). Because
resistance to 3-lactam agents among isolates of S pneu-
moniae does not involve B-lactamase production, the
addition of clavulanate to amoxicillin does not increase
its activity against DRSP. Clavulanate does, however,
enhance amoxicillin's activity against -lactamase—pro-
ducing strains of H influenzae, M catarrhalis, staphylo-
cocci (except methicillin-resistant strains), and oral
anaerobes by irreversibly binding to B-lactamase and
restoring the activity of amoxicillin. The addition of
clavulanate does not appear to be a driving force toward
the development of resistance. When given as a 3 times
a day regimen, this broad-spectrum (-lactam has been
associated with a high incidence of gastrointestinal side
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effects compared with most of itsalternatives. This prob-
lem has significantly decreased with twice aday dosing.
The clavulanate dose, however, should not exceed
approximately 10 mg/kg per day or diarrhea becomes a
problem.

Cefuroxime axetil (Ceftin). Parentera cefuroxime sodi-
um has a long-established higtory in the treatment of mod-
erate to severe lower respiratory infections caused by H
influenzae and Spneumoniae. An ora formulation, cefurox-
ime axetil was introduced in the 1980s. It has demongtrated
agood potency, efficacy, and sde-effect profile. It has limit-
ed activity againg S pneumoniae with high levels of peni-
cillin resistance but maintains activity against penicillin-
intermediate strains. Cefuroxime axetil is effective againgt
mogt gtrains of H influenzae.

Cefpodoxime proxetil (Vantin). A structural analog
of the parenteral agent ceftriaxone, cefpodoxime proxetil
has much of the same activity against respiratory
pathogens. It has potent activity against H influenzae
strains, activity comparable to cefuroxime axetil and cef-
prozil against penicillin-susceptible S pneumoniae iso-
lates, and reasonable activity against penicillin-interme-
diate S pneumoniae.

Cefprozil (Cefzil). Among the best-tasting and tol erat-
ed broad-spectrum ora -lactams, cefprozil has activity
against pneumococcus that is comparable to cefuroxime
axetil and cef podoxime proxetil. However, it has marked-
ly less activity against H influenzae.

Cefixime (Suprax). As the prototype of the oral third-
generation oral cephalosporins, cefixime has potent
activity against H influenzae but provides weak gram-
positive coverage including S pneumoniae. Cefixime has
no activity against staphylococci, may occasiondly fail
against even penicillin-susceptible pneumococci, and has
no clinically significant activity against DRSP.

Cefaclor (Ceclor). Cefaclor has poor activity against
H influenzae, fair activity against penicillin-susceptible
pneumococci, and no activity against DRSP. Therefore
cefaclor has poor overall efficacy against bacteria respi-
ratory tract pathogens.

Loracarbef (Lorabid). Loracarbef is comparable to
cefaclor in its activity against pathogens in respiratory
tract infections.

Fluoroquinolones: gafifloxacin (Tequin), levofloxa-
cin (Levaquin), and moxifloxacin (Avelox). Topoiso-
merases are vita enzymesinvolved in the maintenance of
the topology and supercoiling of DNA within bacteria.
There are two DNA topoisomerases in bacteria
Topoisomerase |l is aso known as DNA gyrase and is
involved in the decoiling of DNA during replication.
Topoisomerase |V is involved in separation of DNA
strands. Fluoroquinolones exert their bactericidal activity
by binding to DNA gyrase and topoisomerase 1V. This
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impedes the formation of supercoiled DNA, inhibits the
relaxation of supercoiled DNA, and promotes double-
strand DNA breakage.

In general, DNA gyrase appears to be the target mol-
ecule in gram-negative bacteria, and topoisomerase 1V
appears to be the target in gram-positive pathogens.

The newer fluoroquinolones (gatifloxacin, lev-
ofloxacin, and moxifloxacin) have remarkable potency
against H influenzae and M catarrhalis and, unlike
ciprofloxacin, strong potency against S pneumoniae.®6
Although the gastrointestinal absorption of these agents
is inhibited by the coadministration of foods or supple-
ments with certain multivalent cations (magnesium, au-
minum, iron, calcium), they generally lack the phototox-
icity seen in some other quinolones. The major concerns
surrounding the fluoroguinolones have to do with the
selection of class resistance in organisms such as gram-
negative enterics (especialy Pseudomonas aeruginosa)
staphylococci, and pneumococci. Toxicity, known or
unrecognized, is also an issue, particularly with newly
approved agents. The fluoroquinolones are currently not
approved for use in children.

Macrolides/azalides: Erythromycin, clarithromycin
(Biaxin), and azithromycin (Zithromax). The macrolides
include agents such as erythromycin and clarithromycin.
Azithromycin, an azalide, is structuraly similar to the
macrolides. These agents have activity againgt gram-pos-
itive and some gram-negative bacteria. These antimicro-
bials inhibit RNA-dependent protein synthesis by
reversibly binding to the 50S subunit of the bacterial ribo-
some. Although they are generally considered to be bac-
teriostatic, some studies have demonstrated bactericidal
activity in the presence of high macrolide concentrations.

Macrolides exhibit better antibacteria activity in an
environment with a neutral to basic pH. This physio-
chemical characteristic is caused by the fact that at alow
pH macrolides become positively charged and do not
readily pass through biologic membranes. This effect is
most pronounced for azithromycin because it carries a
double positive charge at alow pH.

All the macrolides have good activity against
macrolide-susceptible pneumococci. However, the
increasing rate of macrolide resistance to S pneumoniae
is associated with asignificant likelihood of clinical fail-
ure.85 Although clarithromycin and azithromycin have
slightly greater activity against H influenzae than ery-
thromycin, most of the available eradication and efficacy
studies suggest an activity that is similar to or marginal-
ly higher than that of placebo. Although controversy has
been created about the activity of metabolites (14-OH
clarithromycin), the intracellular concentrations of the
newer agents, and the effects of pH on MIC results, none
of these issues affects the foregoing conclusions about
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Table 3. Antimicrobial agents classified by pattern of bactericidal activity

Drug class Pharmacodynamic class Therapeutic goal
B-Lactams Concentration-independent Time above MIC >40%-50% of the dosing interval
Penicillins (time-dependent)
Cephalosporins
Macrolides Concentration-independent Time above MIC >40%-50% of the dosing interval
Erythromycin (time-dependent)

Clarithromycin
Azithromycin

24-h AUC/MIC ratio = 25-30

Fluoroquinolones
Gatifloxacin
Levofloxacin
Moxifloxacin

Concentration-dependent
(time-independent)

24-h AUC/MIC ratio = 25-30 for S pneumoniae

the activity of these drugs for extracellular pathogens,
such as Spneumoniae and H influenzae. Macrolides/aza
lides are active against M catarrhalis.

Lincosamides: Clindamycin (Cleocin). Clindamy-
cin is the primary lincosamide antibiotic in clinical use.
Similar to the macrolides, clindamycin acts by binding
the 50s ribosomal subunit of susceptible bacteria, thus
suppressing protein synthesis. Clindamycin can be bac-
tericidal or bacteriostatic depending on the bacterial
inoculum, species, and drug concentrations at the site of
infection. Clindamycin is used clinically for the treat-
ment of susceptible gram-positive aerobes and anaer-
obes as well as many gram-negative anaerobes. It is not,
however, active against H influenzae or M catarrhalis.

Tetracyclines: Doxycycline (Doryx, Vibramycin).
These antibiotics are bacteriostatic and inhibit bacterial
growth through inhibition of RNA-dependent protein
synthesis by reversibly binding to the 50S ribosomal
subunit. A derivative of tetracycline, doxycycline has
adequate activity against penicillin-susceptible pneumo-
cocci. Like other ora non—3-lactams, the likelihood of
resistance to doxycycline rises in pneumococcal strains
exhibiting any degree of penicillin resistance.
Doxycycline aso has activity against M catarrhalis but
its activity against H influenzae islimited by its pharma-
cokinetics. Clinicians should be aware of the possibility
of photosensitivity and infrequent esophageal caustic
burns. Like the other tetracyclines, usage in children
younger than 8 years is contraindicated because of the
possibility of tooth enamel discoloration.

Sulfonamides and TMP: Trimethoprim-sulfametho-
xazole (Bactrim, Septra). Sulfonamides disrupt bacteri-
al folic acid synthesis by inhibiting dihydropteroate syn-
thase; this results in their bacteriostatic activity. TMP is
a pyrimidine analog that inhibits dihydrofolate reduc-
tase. Because sulfonamides and trimethoprim block folic
acid synthesis at different sites, they potentiate each
other’'s antimicrobial activity, producing synergistic bac-

teriostatic activity. High rates of resistance to these drugs
is now present in pneumococci and H influenzae. M
catarrhalisisintrinsically resistant to sulfamethoxazole.
In addition, these agents are more likely to cause skin
rash, erythema multiforme, and toxic epidermal necrol-
ysis, which can be potentialy fatal.

New antibiotics. New classes of antibiotics such as
ketolides, oxazolidinones, and glycylcyclines, as well
as antibiotics in clinica trias (at the time of this writ-
ing), are not reviewed in this document.

Antimicrobial Efficacy in ABRS

A recent meta-analysis including 27 randomized
clinical trials of antibiotic treatment prescribed for
ABRS evaluated the efficacy of (1) antibiotics versus
placebo (n = 6), (2) amoxicillin versus other antibiotics
(n = 13), and (3) folate inhibitors versus other antibi-
otics (n = 8).7 Even though 69% of patients receiving
placebo for ABRS had symptomatic improvement or
cure, antibiotics significantly reduced treatment failures
by approximately one half. There were no statistically
significant or clinically meaningful differences in cure
rates between amoxicillin or folate inhibitors and other
antibiotics. The antibiotic versus placebo trials evaluated
the following antibiotics: lincomycin, penicillin V,
cyclacillin, amoxicillin, amoxicillin/clavulanate, and
doxycycline. The amoxicillin and folate inhibitors ver-
sus other antibiotic trials included the following antibi-
otics: amoxicillin/clavulanate, azithromycin, clarithro-
mycin, cefaclor, cefixime, cefpodoxime proxetil,
cefuroxime axetil, minocycline, cephalexin, tetracy-
cline, pivampicillin, and roxithromycin. The results of
the meta-analysis apply only to uncomplicated and
community-acquired cases of ABRS. Because these
individual trials were performed before the develop-
ment of resistance currently found in S pneumoniae, H
influenzae, and M catarrhalis, results from this meta-
analysis may not be applicable to the current treatment
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Table 4. Anfimicrobial agents stratified by pharmacodynamic profile against S pneumoniae and H influenzae

Achieves pharmacodynamic target*

S pneumoniae H influenzae
Antimicrobial Penicillin- Penicillin- Penicillin- B-Lactamase- B-Lactamase-
agent susceptible intermediate resistant negative positive
B-Lactams
Amoxicillint O O O O
Amoxicillin/clavulanatet O O 0 O O
Cefaclor ]
Cefprozil O O
Cefuroxime O O 0 O
Cefpodoxime O O O O
Cefixime O O O
L oracarbef o
Macrolides
Azithromycin O + + +
Clarithromycin O + + +
Erythromycin O +
Fluoroquinolones
Gatifloxacin O O O m] m]
Levofloxacin ] O O O O
Moxifloxacin O O O a O

Checkmark, Adequate pharmacodynamic profile using conventional dosing in patients with normal renal and hepatic function; +, borderline pharmacodynamic pro-

file using conventional dosing in patients with normal renal and hepatic function.

*For 3-lactams and macrolides: T > MIC >40% of the dosing interval; for quinolones: 24-h AUC/MIC ratio >100-125 for H influenzae and >30-50 for S pneumoniae.

tHigh-dose amoxicillin.

of ABRS.67 The methods used in this paper for evaluat-
ing antimicrobial therapy for ABRS do, however, take
into account the current high levels of antibiotic-resis-
tant organisms.

Pharmacokinetic/Pharmacodynamic Principles

MICs and MBCs are commonly used to describe the
in vitro potency of antimicrobial agents. These mea-
surements, however, do not take into consideration the
pharmacokinetic properties of antimicrobial agents;
therefore their ability to predict therapeutic efficacy is
limited.

The pharmacokinetics (absorption, distribution,
metabolism, and excretion) of many antimicrobials
have been well established. However, the discipline of
pharmacodynamics has only recently emerged. Pharma-
codynamics describes the relation between drug con-
centration and pharmacologic effect. For an antibiotic,
it describes the relation that exists between the drug
concentrations to which the bacteria are exposed at var-
ious sites of infection and bacterial killing. The evolu-
tion of this science has augmented the body of knowl-
edge about how antimicrobials best treat infections.
Because pharmacokinetic and pharmacodynamic prin-
ciples form the scientific basis for the rational use of
antimicrobial agents, this portion of the guidelines will
provide a review.

Pharmacodynamically, in vivo bacterial killing may
be described as a function of the duration of an antimi-
crobial’s drug concentration over time relative to the
MIC of that agent against a particular pathogen. The
product of these pharmacokinetic parameters (drug con-
centration and time of drug exposure) over the dosing
interval is expressed as the area under the concentra-
tion-time curve (AUC) (Figure 11). Outcome of infec-
tion in in vitro and animal models of infection and
human studies usually correlate with 1 of 3 pharmaco-
dynamic parameters: (1) time of exposure of a bacteria
to concentrations of the antibiotic exceeding the MIC of
the agent against the pathogen (time above the MIC [T
> MIC]); (2) ratio of peak serum concentration of the
antimicrobial agent to the MIC of the agent against the
pathogen (peak/MIC); and (3) ratio of the AUC to the
MIC of the agent against the pathogen (AUC/MIC).
Antimicrobial agents can thus be classified based on
which pharmacodynamic parameter best describes their
in vivo pattern of bactericidal activity (Tables 3 and 4).

Antimicrobials exhibiting time-dependent killing.
B-Lactams, macrolides, and clindamycin show little
concentration-dependent bactericidal activity. Once the
antimicrobial concentration exceedsacritical value (2 to
4 times the MIC of that drug against a particular organ-
ism), killing proceeds. Increasing the drug concentration
further does not increase the rate or extent of bacteria
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Table 5. 1998 susceptibility of respiratory fract isolates o antimicrobial agents at PK/PD breakpoints

Percentage of isolates susceptible at PK/PD/NCCLS breakpoints

Susceptible S
breakpoint

Penicillin- Penicillin- Penicillin-
susceptible intermediate resistant
S S S H M

pneumoniae pneumoniae pneumoniae pneumoniae influenzae catarrhalis

Agent (ng/mL)* (all) (n=973) (n = 284) (n=503) (n=1919) (n=204)
High-dose amoxicillint 4/- 94.2/— 100/100 100/100 79.7/- 61.1 13.7
Amoxicillin/clavulanate 2/2t 90.2/90.2 100/100 100/100 65.6/65.6 97.0 100
High-dose amoxicillin/clavulanate* 4t/ 94.3/— 100/100 100/100 80.1/— 99.6 100
Cefaclor 0.5/1 27.4/146.0 47.3/77.5 7.4/118.7 0.2/0.4 23 54
Cefixime 1/0.5 57.3/52.1 95.3/90.0 28.5/14.4 0.4/0.2 99.9 100
Cefpodoxime 0.5/0.5 63.0/63.0 100/100 48.2/48.2 0/0 99.9 64.1
Cefprozil 12 64.2/67.4 99.2/99.6 57.7/75.4 0.4/0.8 18.2 6.4
Cefuroxime 1 64.8/64.8 99.8/99.8 59.9/59.9 0/0 79.6 373
L oracarbef 0.5/2 9.2/59.5 15.8/98.2 3.5/31.7 0/0.4 9.7 49
Azithromycin 0.12/0.5 67.0/67.7 93.9/94.5 51.1/52.8 23.9/24.5 0.2 100
Clarithromycin 0.25/0.25 67.8/67.8 94.6/94.6 53.2/53.2 24.5/24.5 0 100
Erythromycin 0.25/0.25 67.5/67.5 94.3/94.3 51.8/51.8 24.5/24.5 0 100
Clindamycin —-/0.25 —/89.2 —/98.5 —/84.9 —73.8 NA NA
Doxycycline 0.25/— 76.1/- 96.4 74.6/— 45.3/- 20.2 96.6
Levofloxacin 2/2 99.8/99.8 99.6/99.6 100/100 100/100 100 99.8
TMP/SMX —/0.51 —/56.9 —/86.0 —142.6 —-/8.8 75.5 9.8

All values are based on PK/PD breakpoints, except for Spneumoniae, where values are shown as PK/PD56 and new (Jan 2000) NCCL S breakpoints and for clindamycin
and TMP/SMX, where NCCL S breakpoints are used. Data are adapted from reference 55 except for cefpodoxime and levofloxacin values [Jones RN, Sentry Data,

personal communication].

NA, Not applicable.

*(PK/PD)/new NCCLS susceptible breakpoints for S pneumoniae.
*tShown as amoxicillin component.

*High-dose amoxicillin or amoxicillin/clavulanate as defined in text.
Shown as TMP component.

death. These antibiotics exhibit time-dependent or con-
centration-independent killing. Hence the best predictor
of clinical outcome is the duration of time the concen-
tration of the drug in serum and/or at the site of infection
is above its MIC (T > MIC) against the bacteria. For [3-
lactams and extracellular pathogens, the free-drug con-
centration in serum is generaly proportiona to that in
the interstitial fluid bathing the organism. Therefore the
proportion of the dosing interval that the free-drug con-
centration in serum exceeds the antimicrobials MIC
against a pathogen also reflects this parameter at most
sites of infection.

The amount of time that the concentration of atime-
dependent antibiotic should remain above the MIC (T >
MIC) against a given bacteria may vary with the
pathogen and the immunocompetence of the host. Data
from in vitro pharmacokinetic simulations, animal mod-
els, and human clinical studies suggest that the T > MIC
should be >40% to 50% of the dosing interval in
immunocompetent hosts for time-dependent antibiotics
(Figure 9).68.69

The relationship between the T > MIC and clinical
efficacy has been evaluated in patients with acute otitis
media caused by S pneumoniae and H influenzae.

Bacteriologic cure rates of 80% to 85% were observed
when the T > MIC for B-lactams and macrolides were
>40% to 50% of the dosing interval.70.71 Moreover, in
hospitalized patients with community-acquired pneumo-
nia, no differences in clinical outcome were observed
between patients receiving cefuroxime sodium as a 1500
mg per day continuous infusion (T > MIC = 100%)
compared with 750 mg intermittently 3 times daily (esti-
mated T > MIC of 50% to 60%).72 Thus a serum con-
centration present for 40% to 50% of the dosing interval
may be used to determine the susceptibility limit or
“breakpoint” of an organism for agiven dosing regimen.
Additionally, the proportion of bacteriawith MICs at or
below these susceptibility limits or breakpoints may be
determined. Table 5 summarizes the susceptibility of S
pneumoniae, H influenzae, and M catarrhalis to various
antimicrobials at PK/PD breakpoints.

B-lactams. Two large in vitro susceptibility and
pharmacodynamic studies have been conducted in the
United States. In the first study, 1476 isolates of S
pneumoniae were evaluated.55 Antimicrobials tested
included amoxicillin, amoxicillin/clavulanate, cefurox-
ime axetil, cefprozil, cefaclor, cefixime, and loracarbef.
For most of the oral B-lactams evaluated against peni-
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Fig 9. Pharmacodynamic concept: time above the MIC. Schematic illustration of the serum pharma-
cokinetic profile of 2 time-dependent oral drug regimens over one 8-hour dosing interval. Drug A is
present at 2 ug/mL for >50% of the dosing interval. Drug B is present at 2 pg/mL for approximately 35%
of the dosing interval, but at 1 pg/mL for >50% of the dosing interval. Therefore infections caused by
pathogens for which the MICs of both drugs are 2 u/mL are more likely to be cured by drug A rather
than drug B. Drug B would, however, be effective against strains in which the MIC is T ug/mL or less
because drug B is present at 1 ug/mL for >50% of the dosing interval. Drugs A and B can be two dif-
ferent time-dependent drugs or two different dosing regimens of the same agent.

cillin-susceptible S pneumoniae isolates, the concentra-
tions present for 40% to 50% of the dosing interval
(based on the approved dosage regimens) exceeded
MICgygs. Only amoxicillin, amoxicillin/clavulanate, cefuro-
xime axetil, and cefprozil achieved this parameter for
penicillin-intermediate isolates of S pneumoniae. Against
penicillin-resistant S pneumoniae isolates, only amoxi-
cillin and amoxicillin/clavulanate achieved this pharma-
codynamic target. The percentages of S pneumoniae
strains susceptible at these pharmacodynamic break-
points were as follows: amoxicillin, 93.5%; amoxi-
cillin/clavulanate, 93.9%; cefuroxime axetil, 62.9%; cef-
prozil, 62.6%; cefixime, 52.1%; cefaclor, 22.4%; and
loracarbef, 10.7%.

The second in vitro susceptibility and pharmacody-
namic study similarly evaluated 4489 isolates of S
pneumoniae.”3 For penicillin-susceptible isolates of S
pneumoniae, the serum concentrations maintained for at
least 40% of the dosing interval exceeded the geometric
mean MICs of the 6 cephalosporins evaluated. Serum
concentrations of cefuroxime axetil and cefprozil were
above their mean MICsfor 100% of the dosing interval,
whereas the corresponding values were 94% for cefpo-
doxime proxetil, 69% for cefixime, 43% for |oracarbef,
and 40% for cefaclor. Only cefuroxime axetil (64%),
cefpodoxime proxetil (63%), and cefprozil (56%)
exceeded their geometric mean MICs for >40% of the
dosing interval against penicillin-intermediate isolates
of Spneumoniae. None of these cephal osporins achieved

serum concentrations that exceeded their geometric
mean MICs for >40% of the dosing interval in peni-
cillin-resistant isolates of S pneumoniae. Had MICgss
been used in place of geometric mean MICs, it would
not have changed the rank order of the agents. Rather,
the percentage of adequate T > MIC would decrease.
Based on these two pharmacodynamic studies, the (3-
lactams may be indexed as follows against isolates of S
pneumoniae; amoxicillin = amoxicillin/clavulanate >
cefuroxime axetil = cefpodoxime proxetil = cefprozil >
cefixime = loracarbef = cefaclor.

A similar pharmacodynamic analysis of 1676 iso-
lates of H influenzae was conducted.56 The susceptibil-
ity of oral B-lactams based on their pharmacodynamic
breakpoints were as follows: cefixime (100%), amoxi-
cillin/clavulanate (97.5%), cefuroxime axetil (78.1%),
amoxicillin (56.5%), cefprozil (14.5%), loracarbef
(9.4%), and cefaclor (1.7%).

Macrolides/azalides. Macrolides (eg, erythromycin
and clarithromycin) and azalides (eg, azithromycin)
exhibit concentration-independent killing. As with -
lactams, the duration of time that the drug concentration
exceeds the MIC of the infecting pathogen at the site of
infection is the primary determinant of efficacy for the
macrolides. Because these agents have a prolonged
postantibiotic effect (PAE) against gram-positive cocci
and H influenzae,” the optimal duration of time above
the MIC remains controversial. It has been postulated
that the PAE allows these drugs to yield maximal effi-
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Fig 10. If the serum concentration for two antimicrobials, one with a short and the other with a long
serum half-life, are compared with MIC values superimposed, a period, or “window,” for potential

Darwinian selection develops.

cacy in murine thigh infections when concentrations
exceed the MIC for significantly less than 50% of the
dosing interval (ie, 35%). Because of its extended PAE
and long serum half-life, the proper pharmacodynamic
correlate for azithromycin may be the AUC/MIC ratio
rather than T > MIC.

Concern has been raised regarding azithromycin's
propensity to select for bacteria that are macrolide-resis-
tant.”™ The impact of community-based azithromycin use
on the carriage and resistance of S pneumoniae has been
prospectively studied.”® Single-dose azithromycin (20
mg/kg) was given to children with trachoma (a chronic
disease caused by Chlamydia trachomatis) and to their
household contacts who were children. Carriage rates of
azithromycin-resistant Spneumoniae immediately before
treatment and 2 to 3 weeks, 2 months, and 6 months after
treatment were 1.9%, 54.5%, 34.5% and 5.9%, respec-
tively. The selective pressure of azithromycin may have
allowed the growth and transmission of preexisting
azithromycin-resistant strains.

One possible explanation for this observation relates
to azithromycin's long serum half-life and the long
duration of subinhibitory concentrations of the drug.’”
If the serum AUC for two antimicrobials, one with a
short and the other with along serum half-life, are com-
pared with MIC values superimposed, a period or “win-
dow” for potential Darwinian selection can be plotted
(Figure 10). For the antimicrobial with a short half-life,
the duration of time between the drug concentration

faling below the MIC and its total elimination from the
body isrelatively short compared with that of the antimi-
crobia with the longer half-life. For an antimicrobial
with a 68-hour half-life (eg, azithromycin), total elimi-
nation from the body does not occur for 5 to 7 half-lives,
or 14 to 20 days. This period of subinhibitory concen-
trations of drug may be the pharmacodynamic explana-
tion for the aforementioned observations. This con-
cept is controversial and requires validation in future
studies.

Antimicrobials exhibiting concentration-depen-
dent killing. Unlike the concentration-independent antimi-
crobia agents, fluoroquinolones kill most rapidly when
their concentrations are appreciably above the MIC of the
targeted microorganism.89.78.79 This type of killing is
referred to as concentration-dependent or time-indepen-
dent killing (Figure 11). It has been shown that fluoro-
quinolones eradicate organisms best at levels 10 to 12
times above the microbe's MI1C.79-81 Higher drug concen-
trations do not improve the rate or extent of bacterial
killing. If the optimal peak to MIC ratio is obtained, most
bacteria die rapidly, and consequently the period of time
over which the bacteria are exposed to the drug isminimal.

Although peak to MIC ratios of greater than 10 to
12:1 correlate with optimal bactericidal activity,” the
AUC/MIC ratio is a better parameter for determining
efficacy of fluorogquinolones for moderately susceptible
bacteria, such as S pneumoniae. In fact, in most fluoro-
quinolone dose fractionation studies, the AUC/MIC
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Fig 11. Pharmacodynamically, in vivo bacterial killing may be described as a function of the duration
of an antimicrobial’s drug concentration over time relative to the MIC of that agent against a partic-
ular pathogen. The product of these pharmacokinetic parameters (drug concentration and time of

drug exposure) over the dosing interval is expressed as AUC.

ratio has a better correlation with efficacy than peak to
MIC ratio. Data obtained from severa sources, includ-
ing animal models of sepsis, in vitro pharmacodynamic
experiments, and clinical outcome studies, indicate that
the magnitude of the AUC/MIC ratio can be used to pre-
dict response. Forrest et al8 demonstrated that an
AUC/MIC ratio of 2125 was associated with the high-
est bacterial eradication rates in the treatment of infec-
tions caused by gram-negative enteric pathogens.
However, for gram-positive bacteria, it appears that
effective AUC/MIC ratios can be appreciably lower. For
instance, against Spneumoniae anin vitro model of infec-
tion demonstrated that for levofloxacin and ciprofloxacin
an AUC/MIC ratio of approximately 30 was associated
with a 4-log reduction in bacteria titers; whereas ratios
less than 30 were associated with significantly reduced
rates of bacteria killing and in some instances bacteria
regrowth.83 Similarly, Lister and Sanders?* reported that
for levofloxacin and ciprofloxacinan AUC to MIC ratio of
32 to 44 was associated with maximal eradication of S
pneumoniae in an in vitro model of infection. These
observations are supported by data from nonneutropenic
animal modds of infection in which survival was associ-
ated with an AUC/MIC ratio of 25 to 30 against the pneu-
mococcus.85

ADEQUACY OF THERAPEUTIC REGIMENS

There are relatively few factors that affect the ade-
quacy of atherapeutic regimen. Two of the most impor-
tant factors are the drug exposure seen in a patient and

how susceptible the offending pathogen is to the anti-
infective agent selected for therapy. Unfortunately, the
major limitation of the type of pharmacodynamic
analysis described above is that variability in pharmaco-
kinetic and microbiologic data are not accounted for.
Both of thesefactorsare highly variable. The variability in
susceptibility is tracked by differences in MIC. Con-
sequently, large collections of target organisms give the
clinician areasonableidea of the distribution of suscepti-
bility to the drug among the pathogen(s) they care about.

Often cliniciansfail to realize that patientstaking the
same dose of a drug (particularly by the oral route, but
by any route of administration) may have very different
drug exposures. For instance, Preston et a 79 studied 272
patients with infections receiving levofloxacin. Although
the median plasma clearance was approximately 9 L/h,
some patients had a clearance as low as 2 L/h, whereas
others were as high as 17 L/h. For a standard 500-mg
dose, some patients would have an AUC as low as 29
mg/hr per liter, whereas others would have an AUC of
250 mg/hr per liter.

These differing drug exposures would be therapeuti-
cally adequate for differing MICs and differing organ-
isms. For instance, for pneumococcus, in which the tar-
get AUC/MIC ratio is approximately 30, essentially all
patients would have adequate coverage, with a 500-mg
dose producing the target AUC/MIC for MICs as high
as 1.0 g/mL. For P aeruginosa, in which the pharmaco-
dynamic target is 100 to 125, a substantia fraction of
patients would not hit the target if the MIC was 1.0
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Table 6. Recommended antibiotic therapy for adults with ABRS.
Adult
Prior Percentage non- .
LSehis o Calculated 4 Switch Therapy Options
.._1|antibiotics : susceptible .
Severity 4 Initial Therapy bacteriologic (No improvement or worsening
(past 4-6 efficacy (%)’ | S pneumaniae | H influenzae after 72 hours)®
weeks)
. 7 (Gatifloxacin/LevofloxacinMoxifloxacin
Mild No Amoxicillin/clavulanate 93.3+1.1 6 0.4 Ra-evaluate patienl°
Amoxicillin/clavulanate’
|Amoxicillin’ 88.8+0.6 6 39 Gatifloxacin/Levofloxacin/Moxifloxacin
Cefpodoxime or Cefixime”
Amoxicillin’
(Cefpodoxime 86.7+2.1 ] 0.1 Clindamycin’
Gatifloxacin/Levofloxacin/Moxifloxacin
Cefuroxime 84.4+2.5 35 20 o "
— i Amonxicillin/clavulanate
Beta lactam Allergic: 81,4+2.5 30 25
TMP/SMX Gatifloxacin/Levofloxacin/Moxifloxacin
Doxyeycline 79.9+2.5 22 80 A
| Azithromycin, clarithromycin, Combination
v \ 4 erythromycin 74.842.5 33 99
Pl B Gatifloxacin/Levofloxacin/Moxifloxacin
Mild Yes Amoxicillin/clavulanate 93.3+1.1 6 0.4 Re:cvaluate patient®
OR
Moderate No )
Amoxicillin/clavulanate’
Amoxicillin’ 88.840.6 6 39 Gatifloxacin/Levofloxacin/Moxifloxacin
Cefpodoxime or Cefixime
\Amoxicillin’
Cefpodoxime 86.7+2.1 37 0.1  [Clindamyein’
(Gatifloxacin/Levofloxacin/Moxifloxacin
Amoxicillin/clavulanate”
Cefuroxime 844425 35 20 Gatifloxacin/Levofloxacin/Moxifloxacin
Combination''
Beta lactam ;Mlergic::u
v v Gatifloxacin,Levofloxacin,Moxifloxacin 95.440 3 0 Re-evaluate patient®
Moderate| Yes Gatifloxacin, Levofloxacin,Moxifloxacin 95.140.4 3 0 Re-evaluate patientE'
Amoxicillin/clavulanate’ 94.4+0.6 6 0.4 Gatifloxacin/Levofloxacin/Moxifloxacin
v V¥  [Combination" 6/11 0.1  [Re-evaluate patient®

g/mL or greater. For some patients, this target AUC/
MIC ratio could only be achieved if the organism had an
MIC of 0.25 g/mL or less. For patients with alow plas-
ma clearance, relatively high AUCs would result and
patients would have adequate coverage for a organism
with a higher MIC.

“Monte Carlo” simulation is a way to take the vari-
ability seen in patients and microbiologic data into
account when choosing a dose and schedule of an
antibiotic. In Monte Carlo ssimulation, prior knowledge
is used about the handling of a drug in a population of
patients. This can be done by using the mean values for
the pharmacokinetic parameters and also providing the
covariance matrix for the parameters. The covariance
matrix provides information about the variability of the
pharmacokinetic parameters in the population and how

they covary with one another. A Monte Carlo simulation
program randomly samples from the population of
patients described by the mean parameters and the
covariance matrix. The program can be directed to per-
form the sampling a large number of times (eg, 1000 to
10,000 times). In this way, a population of simulated
patients can be created. By using alarge number of sim-
ulated patients, an accurate estimate can be developed of
how often a patient whose plasma clearance is 2 L/h
(AUC = 250 for a 500-mg dose of levofloxacin) will be
encountered and how often a subject with aplasma clear-
ance of 17 L/h (AUC approximately 30 for a 500-mg
dose) will be encountered. At each value of the MIC, itis
possible to determine how frequently the therapeutic tar-
get for the simulated population of patients is attained.
The FDA advisory committee on anti-infective drug
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Table 6 (continued). Footnotes.

1 The terms mild and moderate are designed to aid the clinician in an antibiotic choice. Differences in severity of disease do not
imply presence or absence of antimicrobial resistance. Rather, this terminology indicates the relative degree of acceptance of pos-
sible failure of therapy. The determination of the severity of disease rests on the clinician’s evaluation of the patient’s history and
clinical presentation. Severe, life-threatening infection, with or without complications, is not addressed in these guidelines.

2 Prior antibiotic therapy within the past 4 to 6 weeksis arisk factor for infection with resistant organisms. Antibiotic choices need
to be based on this risk factor.

3 Bacteria efficacy (microbiologic adequacy) is the mean and range of 3 sets of calculations from the Poole therapeutic outcome
model using 3 susceptibility data bases: the US component of the 1998 Alexander Project, 1998 Sentry surveillance, and the 1998
CDC Active Bacterial Core Surveillance Report. These values do not guarantee clinical success or failure.

4 These values, which reflect the potential for therapeutic failure of initial therapy, are based on the US component of the Alexander
Project 1998 surveillance study. Use of local surveillance data can provide valuable additional information on the prevalence of
resistance applicable to aregion.

5 When a change in antibiotic therapy is made, the clinician needs to take into account the limitations in coverage of the initial
antibiotic. Amoxicillin lacks complete H influenzae coverage; cefuroxime and cefpodoxime do not cover penicillin-resistant S
pneumoniae. Erythromycin, doxycycline, and TMP/SMX have limited coverage for both H influenzae and S pneumoniae.
Amoxicillin/clavulanate, gatifloxacin, levofloxacin, and moxifloxacin currently have the best coverage for both H influenzae and
S pneumoniae.

¢ Reevaluation is necessary because the antibiotics recommended at day O (initia therapy) are effective against S pneumoniae and H
influenzae. Additiona history, physical examination, cultures, and/or CT scan may be indicated and the possibility of other less com-
mon pathogens considered.

7 The total daily dose of amoxicillin and the amoxicillin component of amoxicillin/clavulanate can vary from 1.5 to 3.5 g/day.
Lower daily doses (1.5 to 2 g/day) are more appropriate in mild disease in patients with no prior antibiotic use. Higher daily doses
(3to 3.5 g/day) may be advantageous in areas with a high prevalence of DRSP and in patients with moderate disease or who have
had recent prior antibiotic use. There is a greater potential for treatment failure or resistant pathogens in these patient groups.
These higher doses are currently not approved by the FDA in the United States and formal safety studies have not been published.

8 Although cefpodoxime and cefixime have excellent activity against H influenzae, they are not active against penicillin-resistant
S pneumoniae.

9 Clindamycin provides excellent coverage for S pneumoniae but has no activity against H influenzae.

10 These antibiotics are not recommended unless the patient is allergic to B-lactam. Their effectiveness against the major
pathogens of ABRS is limited, and bacterial failure of 20% to 25% is possible. Life-threatening toxic epidermal necrolysis has
been associated with the use of TMP/SMX.

11 Based on in vitro spectrum of activity, combination therapy with amoxicillin (3.5 g/day) or clindamycin for gram-positive cov-
erage plus cefixime for gram-negative coverage is suggested/recommended. There is no clinical evidence at this time, however,
of the safety or efficacy of these combinations.

12 B3-Lactams should be considered initially. A fluoroquinolone is recommended for patients who have allergies or intolerance to
[-lactams or who have recently not responded to other regimens of therapy.

products found this method, as presented by Drusano, to
be a reasonable approach in October 1998.

A pharmacodynamic analysis conducted by some
members of this panel86 on H influenzae isolates, used
the Monte Carlo method described by Ambrose and
Grasela.86 Data used for this analysis included human
pharmacokinetic data obtained from FDA licensing tri-
als and susceptibility datafrom 901 isolates collected in
the United States during 1999. From this analysis and
that of Jacobs et al,>> oral [3-lactams may be indexed as
follows: cefixime = cefpodoxime proxetil = amoxi-
cillin/clavulanate (high dose) > cefuroxime axetil >
amoxicillin > cefprozil = loracarbef > cefaclor.

DEFINING ANTIMICROBIAL SUSCEPTIBILITY
BREAKPOINTS

As previously discussed, pharmacokinetic/pharma-

codynamic (PK/PD) parameters can define susceptibil-
ity breakpoints for oral antibiotics for the 3-lactams and
macrolides; serum concentrations that are maintained
for at least 40% to 50% of the dosing interval can be
determined and used as PK/PD breakpoints. For the flu-
oroquinolones and azithromycin, the PK/PD break-
points can be based on the AUC/MIC ratio exceeding 25
to 30. Table 5 compares the susceptibility of isolates of
S pneumoniae, H influenzae, and M catarrhalis to vari-
ous antibiotics according to their PK/PD breakpoints.56
The panel used PK/PD breakpoints in preference to the
National Committee for Clinical Laboratory Standards3”
or FDA breakpoints to allow unbiased comparisons of
sinusitis pathogens using one breakpoint for each agent.
Current NCCLS breakpoints for the same agents vary
considerably by pathogen. For example, the susceptible
cefprozil breakpoint is <8 pg/ml for Haemophilusbut is
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Table 7. Recommended antibiotic therapy for children with ABRS.

Pediatrics
tPI:I 0:_]: 1 Calculated Pertenlugil;ln t‘m- Switch Therapy Options
Severity' kil 4 25 Initial Therapy bacteriologic SRacept e (No improvement or worsening
(I\:Tn:ks-} efficacy (%)'| sr  [HI MC after 72 hours)°
Mild No .
g 5 )
Amoxicillin/clavulanate 93.5+1.1 [ 0.4 0 b pmcmﬁ
Amoxicillin/clavulanate™
|Amoxicillin™ 91.240.6 6 39 66 |Cefpodoxime proxetil®
Cefixime®
Amoxicillin/clavulanate™
Cefpodoxime proxetil 86.7+2.1 37 0.1 36 [Clindamyein’
Combination'”
.ArnoxiciIIiW'E[a\-'ulunule-"h
Cefuroxime axetil 83.7+2.5 35 20 63 |Clindamycin
Combination'”
Beta Lactam Allergic'':
Azithromycin, clarithromycin, 80.842.5 33 99 0 |Re-cvaluate patient®
j v ferythromycin Combination'®
ITMP/SMX 79.942.5 30 25 90
Mild Yes
Or |Amoxicillin/clavulanate™ 93.5+1.1 6 0.4 0 [Re-evaluate patient®

Moderate  No

|Amoxicillin™

Amoxicillin/clavulanate

91.2+0.6 6 39 | 66 |Cefpodoxime proxetil ®

Cefixime®

ICefpodoxime proxetil

Amoxicillin/clavulanate™

86.7+2.1 37 0.1 36 [Clindamycin®

Combination'’

Cefuroxime axetil

lAmoxicillin/clavulanate ™

83.742.5 35 20 63  |Clindamycin’

\Combination'”

Beta Lactam Allergic'":
Azithromycin, clarithromycin,

<2 pug/mL for S pneumoniae. Other examples include
azithromycin and clarithromycin, which have break-
points of <4 and <8 ug/mL, respectively, for Haemo-
philus, whereas breakpointsfor S pneumoniae are <0.25
and <0.5 mg/mL, respectively. Additionally, there are
no breakpoints for M catarrhalis.

The antimicrobials with the highest activity against
isolates of S pneumoniae include amoxicillin, amoxi-
cillin-clavulanate, clindamycin, gatifloxacin, levofloxa-
cin, and moxifloxacin. Amoxicillin/clavulanate, cefixime,
cefpodoxime proxetil, gatifloxacin, levofloxacin, and
moxifloxacin have the highest activity against isolates
of H influenzae. Amoxicillin/clavulanate, cefixime, ery-

erythromycin
80.8+2.5 33 99 0 |Re-evaluate I}S“C“‘ﬁ
TMP/SMX 79.9+2.5 30 25 90 |Combination
=¥ —
Clindamycin’ 81.8+1.0 11 100 | 100
Maoderate| Yes Ameoxicillin/clavulanate™ 93.5+1.1 6 04 0
ICombination' 6/11 0.1 0 |Re-evaluate pntient"
Beta Lactam Allergic” 79.9+2.5 30 25 90
B \ 4 [TMP/SMX + Clindamycin’ 11 25 90

thromycin, clarithromycin, azithromycin, doxycycline,
gatifloxacin, levofloxacin, and moxifloxacin all have
superb activity against M catarrhalis.>6

ANTIMICROBIAL TREATMENT GUIDELINES

These recommendations are based on the Poole
Therapeutic Outcome Model described below. Tables 6
and 7 summarize the panel’s antimicrobial treatment
guidelines for adults and children, respectively.
Multiple factors played arolein the antimicrobial selec-
tion process. Because serious intracranial and extrasi-
nus complications associated with ABRS usually arise
as aresult of Spneumoniae infection, it isimportant for
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Table 7 (continued). Footnotes.

1 The terms mild and moderate are designed to aid the clinician in an antibiotic choice. Differences in severity of disease do not
imply presence or absence of antimicrobial resistance. Rather, this terminology indicates the relative degree of acceptance of pos-
sible failure of therapy. The determination of the severity of disease rests on the clinician’s evaluation of the patient’s history and
clinical presentation. Severe, life-threatening infection, with or without complications, is not addressed in these guidelines.

2Prior antibiotic therapy within the past 4 to 6 weeksis arisk factor for infection with resistant organisms. Antibiotic choices need
to be based on this risk factor.

3 Bacterial efficacy (microbiologic adequacy) is the mean and range of 3 sets of cal culations from the Poole therapeutic outcome
model (seetext), using 3 susceptibility databases: the US component of the 1998 Alexander Project, 1998 Sentry surveillance, and
the 1998 CDC Active Bacterial Core Surveillance Report. These values do not guarantee clinical success or failure.

4 These values reflect the potential for therapeutic failure of initial therapy are based on the US component of the Alexander
Project 1998 surveillance study. Use of local surveillance data can provide valuable additional information on the prevalence of
resistance applicable to a region.

5When a change in antibiotic therapy is made, the clinician needs to take into account the limitations in coverage of the initial
antibiotic. Amoxicillin lacks complete H influenzae and M catarrhalis coverage; cefuroxime and cefpodoxime do not cover peni-
cillin-resistant S pneumoniae. Erythromycin and TMP/SMX have limited coverage for both H influenzae and S pneumoniae.
Amoxicillin/clavulanate currently has the best coverage for S pneumoniae, H influenzae, and M catarrhalis.

6 Reevaluation is necessary because the antibiotics recommended at day O are effective against S pneumoniae, H influenzae, and
M catarrhalis. Additional history, physical examination, cultures, and/or CT scan may be indicated and the possibility of other
less common pathogens considered.

7aThe dose of amoxicillin can range from 45 mg to 90 mg/kg per day. If lower doses of amoxicillin are used initially, treatment
failure may be due to DRSP or -lactamase—positive H influenzae or M catarrhalis. The higher dose schedule gives better DRSP
coverage.

7b The amoxicillin component of amoxicillin/clavulanate also ranges from 45 mg to 90 mg/kg per day. The higher daily dose (80
to 90 mg/kg per day) may be advantageous in areas with a high prevalence of DRSP and for patients with moderate disease or
who have had recent prior antibiotic use. There is a greater potential for treatment failure or resistant pathogens in these patient
groups. These higher doses are currently not approved by the FDA in the United States.

8 Although cefpodoxime proxetil, cefuroxime axetil, and cefixime have higher activity against H influenzae and M catarrhalis
than amoxicillin, they are not active against penicillin-resistant S pneumoniae.

9 Excluding B-lactams, clindamycin is the most active oral agent currently available with activity against 89% to 95% of S pneu-
moniae. It has no activity, however, against H influenzae or M catarrhalis.

10 Based on in vitro spectrum of activity, combination therapy (amoxicillin [80 to 90 mg/kg per day] or clindamycin) for gram-
positive coverage plus cefixime, cefpodoxime proxetil, or TMP/SMX for gram-negative coverage is suggested/recommended.
Thereis no clinical evidence at this time, however, of the safety or efficacy of these combinations.

11 These antibiotics are not recommended unless the patient is 3-lactam allergic. Their effectiveness against the major pathogens of

ABRSislimited, and bacterial failure of 20% to 25% is possible. In addition, TMP/SMX is associated with increases in the risk of

life threatening toxic epidermal necrolysis. The clinician should differentiate an immediate hypersensitivity reaction from other less

dangerous side effects. Children with immediate hypersensitivity reactions to -lactams may need desensitization, sinus cultures,

gr other ancirlllary procedures and studies. Children with other types of reactions and side effects may tolerate one specific -lactam
ut not another.

initial therapy to adequately cover S pneumoniae.
Gram-negative coverage for H influenzae (and M
catarrhalis in children) cannot be ignored, however. A
rational approach to the treatment of ABRS should con-
sider the aforementioned concerns along with the logi-
cal application of microbiology and PK/PD principles.

In the selection of an antibiotic for ABRS, the clini-
cian should consider the severity of the disease, the rate
of progression of the disease, recent antibiotic therapies,
and varying rates of resistance within the United States
and other countries that may use these guidelines.

The panel’s guidelines for adults and children with
ABRS characterize severa different groups of patients.
These patient types include (1) those with mild or mod-
erate disease, (2) those with and without antibiotic ther-
apy during the previous month, and (3) those without a
clinical response at =72 hours of initiation of therapy.

The terms mild and moderate disease reflect the
degree of discomfort of the patient as evidenced by the
symptom complex and the time course of the disease.
The healthy patient with 10 days of persistent anterior
and posterior rhinorrhea, and fatigue (mild disease) isdif-
ferent from the patient with 10 days of nasal congestion
who over the past 3 days has developed alow-grade ele-
vation of temperature and increasing unilateral maxillary
or frontal tenderness that worsens with bending over
(moderate disease). Patients, however, may not aways be
neatly categorized into degrees of disease. An evaluation
of the severity of the disease requires clinical judgment
gained only by the clinician familiar with the patient. The
differences in severity of disease do not imply the pres-
ence or absence of antimicrobial resistance. Rather, this
terminology indicates the relative degree of acceptance of
possible failure of therapy. Severe, life-threatening infec-
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Fig 12. “Marchant” plot for antibiotics used to treat adult ABRS.

tion with or without complications is not addressed in
these guidelines.

Prior antibiotic use is a major risk factor associated
with the development of infection from antimicrobial-
resistant strains. Other risk factors include age less than
5 years and attendance in day care centers. Risk factors
for invasive infection include prior B-lactam use, resi-
dence in nursing homes or recent hospitalization, hema-
tologic malignancy or serious comorbid illness, and
immunosuppressive underlying disease. Prior use of
TMP/SMX has aso been identified as a risk factor for
carriage of penicillin-nonsusceptible S pneumoniae.88-93
Because recent antimicrobial exposure increases the risk
of carriage and infection from resistant organisms,
antimicrobial therapy should be based on the patient’'s
history of recent antibiotic use. The panel’s guidelines,
therefore, stratify patients according to antibiotic expo-
surein the previous 4 to 6 weeks.

Lack of response to therapy at =72 hours is an arbi-
trary time established to define treatment failures.
Clinicians should monitor the patient’s response to
antibiotic therapy. This may include instructing the
patient to call the office or clinic if thereis persistence or
worsening of the symptoms.

The current recommendations for the duration of
antimicrobial treatment for ABRS is 10 to 14 days. This
is based on the results of published studies of clinical tri-
as in which pretreatment and posttreatment sinus aspi-
rates were performed.2” The use of longer or shorter
courses of antimicrobial treatment should be based on the
results of sinus aspiration studies.

Allergies to antibiotics (ie, B-lactams) or age limita
tions for certain antimicrobials (eg, fluoroquinolones)
may force the use of less than optimal antimicrobials.
The clinician must be aware of the potential for treatment
failure in these situations.

The panel used the Poole Therapeutic Outcome Model
as one tool in developing its antimicrobial guidelines.
Although the most recent and best data were used for this
model, the pandl redlizes that resistance rates may change
over time and may vary from community to community.
The pand will therefore revise the guiddines as resistance
rates change and new antibiotics are introduced. In addi-
tion, the Poole Thergpeutic Outcome Model developed by
Michael Poole, University of Texas Medical School at
Houston, is available at the Sinus and Allergy web site
(http://www.alergysinus.org). Clinicians may input their
own local resistance rates and obtain their own optimal
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Fig 13. “Marchant” plot for antibiotics used to treat pediatric ABRS.

treatment recommendations. Locd resistance data should
be based on PK/PD breakpoints, not NCCL S breakpoints,
as discussed in this supplement.

The Poole Therapeutic Outcome Model: A Data-
Driven Model for Prediction of Therapeutic
Outcome

In 1992, Marchant et al® correlated the in vivo
potency of various antimicrobial agents with clinical
outcomes based on double tap otitis media studies. In
addition, PK/PD susceptibility breakpoints for given
dosing regimens have been shown to correlate with bac-
teriologic cure rates.69.70 With the appropriate data,
Marchant et al9 predicted the clinical response rateto a
given dosing regimen of an antimicrobial agent. The
parameters used to adapt this model to ABRS included
(2) the proportion of patientswith aclinical diagnosis of
ABRS who have a positive sinus aspirate (typically
60% of patients in primary care practices); (2) the clin-
ical resolution of disease in the culture-negative patient
group (typically 40% of patients, with complete resolu-
tion of disease occurring in 88% of this group [or 35%

of the total patient group]) and disease failing to resolve
occurring in the remaining 5% of the total patient
group; (3) the distribution of pathogens found in the
culture-positive group; (4) the spontaneous resolution
rate of each pathogen; and (5) the in vitro susceptibility
of the major sinusitis pathogens to antimicrobia agents
at PK/PD breakpoints.

Based on published studies of maxillary sinus punc-
tures performed in patients with ABRS, the pathogen
distribution used in adults was 42% for S pneumoniae,
35% for H influenzae, 5% for M catarrhalis, and 18%
for other pathogens. The pathogen distribution in chil-
dren used was 42% for S pneumoniae, 20% for H
influenzae, and 20% for M catarrhalis. Because S pneu-
moniae is the more pathogenic bacterial organism, the
model incorporates a higher prevalence of S pneumoni-
ae in children to ensure appropriate antimicrobial cov-
erage. For each of the major pathogens, the spontaneous
resolution rate was estimated from published data in
which placebo was used in otitis media. The values used
in this model were 30% for S pneumoniae, 60% for H
influenzae, 80% for M catarrhalis, and 50% for other
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pathogens. Based on these values, spontaneous resolu-
tionis predicted to occur in 46.6% of adultswith ABRS
(28% of the total patient group). Therefore spontaneous
resolution will occur in 63% of the untreated adult
group (28% with infection plus 35% without infection).
Of the 37% adult patients whose symptoms do not
resolve if untreated, 5% are uninfected and will not
respond because of non-microbiologically related fac-
tors, whereas 32% will not respond because of untreated
bacterial infection. However, if adrug with 100% bacte-
riologic efficacy were to be used, the disease will theo-
retically resolvein al of the adult patientsin the infected
group and in 95% of al adult patients. Thus the theoreti-
cal disease resolution rates in the adults in this mode,
depending on efficacy of treatment, can vary from 46.6%
(the rate from spontaneous resolution) to 100% (for
patients treated with an antimicrobia with 100% bacter-
ia efficacy). For the total adult group, these limits vary
from 63% (untreated) to 95% (using agent with 100%
efficacy). On the other hand, spontaneous resolution will
occur in 49.6% of untreated children in the bacteridly
infected group and 64.8% of the untreated total pediatric
patient group. Importantly, the individua values of the
various parameters are estimates. Interested investigators
could change any value and use the modél to calculate the
resulting effect on bacteriologic and clinical outcome.
The next step was to calculate the resolution of dis-
ease based on current susceptibility data for each
organism at PK/PD breakpoints. Agents with poor
activity against all pathogens will result in resolution
rates similar to the spontaneous resolution seen in the
untreated group, whereas agents active against all
pathogens will result in higher resolution rates.
Resolution rates for the bacterially infected group and
the total patient group (using the mean susceptibility
data from the US component of the 1998 Alexander
Project, the 1998 SENTRY Surveillance Report, and
the 1998 CDC Active Bacterial Core Surveillance
Report) are shown in Marchant plots (Figures 12 and
13).56:58,95 These datasets were used because complete
MIC distributions were available and the proportion of
isolates inhibited at PK/PD breakpoints could be deter-
mined. The outcomes of these calculations are shown as
Marchant plots showing predicted bacteriologic out-
comes in the bacterial infection group and the total
patient group. The Marchant plot isonly arelative rank
order for the data used. Other surveillance data may
therefore alter this relative rank order. These resolution
rates are based on in vitro microbiologic efficacy and
do not guarantee clinical outcome. However, in the
absence of microbiologic outcome data from clinical
studies for most agents, this model was used as the best
method available for predicting clinical outcome.
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Antimicrobial Choices

According to the Marchant plot, antibiotics were
placed into the following relative rank order of predict-
ed efficacy in adult patients with ABRS: >90% (gati-
floxacin, levofloxacin, moxifloxacin, and amoxicillin/
clavulanate), 80% to 90% (high-dose amoxicillin, cefpo-
doxime proxetil, cefixime [based on H influenzae and M
catarrhalis coverage only], cefuroxime axetil, TMPISM X,
and doxycycline), 70% to 80% (clindamycin [based on
gram-positive coverage only], cefprozil, azithromycin,
clarithromycin, and erythromycin], and 50% to 60% (cefa
clor and loracarbef). The predicted spontaneous resolution
rate in untreated adults with ABRS is 46.6%.

According to the Marchant plat, antibiotics were placed
into the following relative rank order of predicted efficacy in
children with bacteria infection: >90% (amoxicillin/dlavu-
lanate and high-dose amoxicillin); 80% to 90% (cefpo-
doxime proxetil, cefixime [based on H influenzae and M
catarrhalis coverage only], cefuroxime axetil, clindamycin
[based on gram-positive coverage only], azithromycin, clar-
ithromycin, erythromycin, and TMP/SMX), 70% to 80%
(cefprozil), and 60% to 70% (cefaclor and loracarbef). The
predicted spontaneous resolution rate in untrested children
with ABRS is 49.6%.

The recommendations made in the treatment guide-
lines take into account 3 mgjor factors: (1) severity of
disease, (2) use of antibiotics in the preceding 4 to 6
weeks, and (3) the relative rank order of each agent on
the Marchant plots. In addition, recommendations for
patients who are not improving or are worsening at =72
hours of treatment are provided based on spectrum of
activity of initial therapy against the magjor sinusitis
pathogens. The estimated likelihood of a particular
pathogen being encountered in treatment failures with
each type of initia therapy was used in lieu of obtaining
aculture to guide “switch” therapy at 72 hours. Because
the data used to predict percentage of organismslikely to
produce failure is from the US component of the 1998
Alexander Project, which reflects mostly patients that
have not responded to empiric initial antibiotic therapy,
our model is a better guide of “switch” therapy.

Recommendations for adult patients. Recom-
mendations for initial therapy for adult patients with
mild disease and who have not received antibioticsin
the previous 4 to 6 weeks include the following
choices (Table 4): amoxicillin/clavulanate, amoxi-
cillin (1.5 to 3.5 g/day), cefpodoxime proxetil, or
cefuroxime axetil. Cefprozil may have up to a 25%
bacterial failure rate. Although TMP/SMX, doxycy-
cline, azithromycin, clarithromycin, or erythromycin
may be considered for patients with B-lactam aller-
gies, bacteriologic failure rates of 20% to 25% are
possible. Also, potentially fatal toxic epidermal
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necrolysis has been associated with the use of
TMP/SMX.

Recommendations for initial therapy for adults with
mild disease who have received antibiotics in the previ-
ous 4 to 6 weeks or adults with moderate disease who
have not received antibioticsin the previous 4 to 6 weeks
include the following choices. amoxicillin/clavulanate,
amoxicillin (3 to 3.5 g/day), cefpodoxime proxetil, or
cefuroxime axetil. Gatifloxacin, levofloxacin, and moxi-
floxacin are indicated for patients who are allergic or
intolerant to B-lactam.

Recommendations for initial therapy for adults with
moderate disease who have received antibiotics in the
previous 4 to 6 weeks include gatifloxacin, levofloxacin,
moxifloxacin, amoxicillin/clavulanate, or combination
therapy (amoxicillin or clindamycin for gram-positive
coverage, cefpodoxime proxetil or cefixime for gram-
negative coverage).

Recommendations for “switch” therapy for patients
without improvement or worsening at =72 hours varies
depending on the likely organism to be producing clini-
cal failure. Patients who have received effective antibiot-
ic therapy and continue to be symptomatic need further
evaluation. A CT scan, fiberoptic endoscopy, or sinus
aspiration for culture may be necessary.

When amoxicillin/clavulanate is prescribed in areas
with a high incidence of DRSP or as “switch” therapy, a
total of 3 to 3.5 g/day of the amoxicillin component
should be considered (although this is currently not
approved in the United States).

Recommendadaitions for pediatric patients. Recommen-
dations for initia therapy for children with mild disease
who have not recelved antibiotics in the previous 4 to 6
weeks include the following (Table 5): amoxicillin/clavu-
lanate, amoxicillin (45 to 90 mg/kg per day), cefpodoxime
proxetil, or cefuroxime axetil. Azithromycin, clar-
ithromycin, erythromycin, or TMP/SMX are recommend-
ed if the patient has a history of immediate type | hyper-
sensitivity reaction to B-lactams. These antibiotics have
limited effectiveness against the major pathogens of
ABRS, and bacterial falure of 20% to 25% is possible.
The use of TMP/SMX is associated with a large increase
intherisk of life-threatening toxic epidermal necrolysis.%
The clinician should differentiate an immediate hypersen-
sitivity reaction from other less dangerous side effects.
Children with immediate hypersensitivity reactions to [3-
lactams may need desensitization, sinus cultures, or other
ancillary procedures and studies. Children with other types
of reactions and side effects may tolerate one specific 3-
lactam but not another.

Recommendations for children with mild disease who
have received antibioticsin the previous 4 to 6 weeksor chil-
dren with moderate disease who have not received antibi-
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otics in the previous 4 to 6 weeks: amoxicillin/clavulanate,
amoxicillin (80-90 mg/kg per day), cefpodoxime proxetil, or
cefuroxime axetil. Azithromycin, clarithromycin, ery-
thromycin, or TMP/SMX are recommended if the patient is
dlergic to B-lactam. Clindamycin is appropriate if S pneu-
moniae is identified as a pathogen.

Moderate disease, on the other hand, in children
receiving antibiotics in the previous 4 to 6 weeks should
be treated with the following alternatives. amoxicillin/
clavulanate or combination therapy (amoxicillin or clin-
damycin for gram-positive coverage plus cefpodoxime
proxetil or cefixime for gram-negative coverage).

“Switch” therapy for patients without improvement or
worsening at =72 hours varies depending on the likely
organism to be producing clinica failure. Patients who
have received effective antibiotic therapy and continue to
be symptomatic need further evaluation. A CT scan,
fiberoptic endoscopy, or sinus aspiration with culture
may be necessary.

When amoxicillin/clavulanate is prescribed in areas
with a high incidence of DRSP or as “switch” therapy, a
total of 80 to 90 mg/kg per day of the amoxicillin com-
ponent should be considered (although this is currently
not approved in the United States).

CONCLUSIONS

These guidelines have been developed to provide
evidence-based recommendations for the diagnosis and
optimal treatment of ABRS based on the limited infor-
mation available for this disease. This approach is based
on amathematic model using pathogen distribution and
spontaneous resolution data and pharmacodynamically
derived susceptibility values of the major ABRS patho-
gens, from which bacteriol ogic outcome can be predict-
ed. The panel hopes that these guidelines will provide a
rational approach to the need for antimicrobial therapy
in bacterial rhinosinusitis, reduction in the use of antibi-
oticsfor nonbacterial infections, and the appropriate use
of antibiotics when bacterial diseaseis likely.
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