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Treatment guidelines developed by the Sinus andment principles, antimicrobial susceptibility pat-

Allergy Health Partnership for acute bacterial rhi- terns, and therapeutic options.

nosinusitis (ABRS) were originally published in

2000. These guidelines were designed to: (1) ed-Burden of Disease

ucate clinicians and patients (or patients’ families)  An estimated 20 million cases of ABRS occur

about the differences between viral and bacterial annually in the United States. According to Na-

rhinosinusitis; (2) reduce the use of antibiotics for tional Ambulatory Medical Care Survey
nonbacterial nasal/sinus disease; (3) provide rec-(NAMCS) data, sinusitis is the fifth most common
ommendations for the diagnosis and optimal treat- diagnosis for which an antibiotic is prescribed.
ment of ABRS; (4) promote the use of appropriate Sinusitis accounted for 9% and 21% of all pedi-
antibiotic therapy when bacterial infection is like- atric and adult antibiotic prescriptions, respec-
ly; and (5) describe the current understanding of tively, written in 2002. The primary diagnosis of
pharmacokinetic and pharmacodynamics and howsinusitis results in expenditures of approximately
they relate to the effectiveness of antimicrobial $3.5 billion per year in the United States.
therapy. The original guidelines are updated here

to include the most recent information on manage- Definition and Diagnosis of ABRS

ABRS is most often preceded by a viral upper
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Because there may be cases that fall out of the
“norm” of this typical progression, practicing cli-
nicians need to rely on their clinical judgment
when using these guidelines. In general, however,
a diagnosis of ABRS may be made in adults or
children with symptoms of a vira URI that have
not improved after 10 days or worsen after 5to 7
days. There may be some or al of the following
signs and symptoms: nasal drainage, nasal conges-
tion, facial pressure/pain (especially when unilat-
eral and focused in the region of a particular
sinus), postnasal drainage, hyposmia/anosmia, fe-
ver, cough, fatigue, maxillary dental pain, and ear
pressure/fullness.

Physical examination provides limited informa-
tion in the diagnosis of ABRS.

While sometimes helpful, plain film radio-
graphs, computed tomography (CT), and magnetic
resonance imaging scans are not necessary for
cases of ABRS.

Microbiology of ABRS

The most common bacterial species isolated
from the maxillary sinuses of patients with ABRS
are Sreptococcus pneumoniae, Haemophilus in-
fluenzae, and Moraxella catarrhalis, the latter be-
ing more common in children. Other streptococcal
species, anaerobic bacteria and Saphylococcus
aureus cause a small percentage of cases.

Bacterial Resistance in ABRS

The increasing prevalence of penicillin nonsus-
ceptibility and resistance to other drug classes
among S pneumoniae has been a problem in the
United States, with 15% being penicillin-interme-
diate and 25% being penicillin-resistant in recent
studies. Resistance to macrolides and tri-
methoprim/sulfamethoxazole (TMP/SMX) is also
common in S pneumoniae. The prevaence of
B-lactamase—producing isolates of H influenzae is
approximately 30%, while essentially all M ca-
tarrhalis isolates produce B-lactamases. Resis
tance of H influenzae to TMP/SMX is also com-
mon.

Antimicrobial Treatment Guidelines for
ABRS

These guidelines apply to both adults and chil-
dren. When selecting antibiotic therapy for ABRS,
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the clinician should consider the severity of the
disease, the rate of progression of the disease, and
recent antibiotic exposure. The guidelines now
divide patients with ABRS into two general cate-
gories: (1) those with mild symptoms who have
not received antibiotics within the past 4 to 6
weeks, and (2) those with mild disease who have
received antibiotics within the past 4 to 6 weeks or
those with moderate disease regardless of recent
antibiotic exposure. The difference in severity of
disease does not imply infection with a resistant
pathogen. Rather, this terminology indicates the
relative degree of acceptance of possible treatment
failure and the likelihood of spontaneous resolu-
tion of symptoms—patients with more severe
symptoms are less likely to resolve their disease
spontaneously. The primary goa of antibiotic
therapy is to eradicate bacteria from the site of
infection, which, in turn, helps (1) return the si-
nuses back to hedlth; (2) decrease the duration of
symptoms to allow patients to resume daily activ-
ities more quickly; (3) prevent severe complica-
tions such as meningitis and brain abscess; and (4)
decrease the development of chronic disease. Se-
vere or life-threatening infections with or without
complications are rare, and are not addressed in
these guidelines.

Prior antibiotic use is a major risk factor asso-
ciated with the development of infection with an-
timicrobial-resistant strains. Because recent anti-
microbial exposure increases the risk of carriage
of and infection due to resistant organisms, anti-
microbia therapy should be based upon the pa
tient’ s history of recent antibiotic use. The panel’s
guidelines, therefore, stratify patients according to
antibiotic exposure in the previous 4 to 6 weeks.

Lack of response to therapy at =72 hours is an
arbitrary time established to define treatment fail-
ures. Clinicians should monitor the response to
antibiotic therapy, which may include instructing
the patient to call the office or clinic if symptoms
persist or worsen over the next few days.

The predicted bacteriologic and clinical efficacy
of antibiotics in adults and children has been de-
termined according to mathematical modeling of
ABRS developed by Michae Poole, MD, PhD,
based on pathogen distribution, resolution rates
without treatment, and in vitro microbiologic ac-
tivity.
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Antibiotics can be placed into the following
relative rank order of predicted clinical efficacy
for adults: 90% to 92% = respiratory fluoroquino-
lones (gatifloxacin, levofloxacin, moxifloxacin),
ceftriaxone, high-dose amoxicillin/clavulanate (4
0/250 mg/day), and amoxicillin/clavulanate (1.75
0/250 mg/day); 83% to 88% = high-dose amoxi-
cillin (4 g/day), amoxicillin (1.5 g/day), cefpo-
doxime proxetil, cefixime (based on H influenzae
and M catarrhalis coverage), cefuroxime axetil,
cefdinir, and TMP/SMX; 77% to 81% = doxycy-
cline, clindamycin (based on gram-positive cover-
age only), azithromycin, clarithromycin and eryth-
romycin, and telithromycin; 65% to 66% =
cefaclor and loracarbef. The predicted spontane-
ous resolution rate in patients with a clinical di-
agnosis of ABRS is 62%.

Antibiotics can be placed into the following
relative rank order of predicted clinical efficacy in
children with ABRS: 91% to 92% = ceftriaxone,
high-dose amoxicillin/clavulanate (90 mg/6.4 mg
per kg per day) and amoxicillin/clavulanate (45
mg/6.4 mg per kg per day); 82% to 87% = high-
dose amoxicillin (90 mg/kg per day), amoxicillin
(45 mg/kg per day), cefpodoxime proxetil, ce-
fixime (based on H influenzae and M catarrhalis
coverage only), cefuroxime axetil, cefdinir, and
TMP/SMX; and 78% to 80% = clindamycin (based
on gram-positive coverage only), cefprozil, azithro-
mycin, clarithromycin, and erythromycin; 67% to
68% = cefaclor and loracarbef. The predicted
spontaneous resolution rate in untreated children
with a presumed diagnosis of ABRS is 63%.

Recommendations for initial therapy for adult
patients with mild disease (who have not received
antibiotics in the previous 4 to 6 weeks) include
the following choices: amoxicillin/clavulanate
(1.75to 4 g/250 mg per day), amoxicillin (1.5to 4
g/day), cefpodoxime proxetil, cefuroxime axetil,
or cefdinir. While TMP/SMX, doxycycline,
azithromycin, clarithromycin, erythromycin, or te-
lithromycin may be considered for patients with
B-lactam alergies, bacteriologic failure rates of
20% to 25% are possible. Failure to respond to
antimicrobial therapy after 72 hours should
prompt either a switch to aternate antimicrobial
therapy or reevaluation of the patient (see Table
4). When a change in antibiotic therapy is made,
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the clinician should consider the limitations in
coverage of the initial agent.

Recommendations for initial therapy for adults
with mild disease who have received antibioticsin
the previous 4 to 6 weeks or adults with moderate
disease include the following choices: respiratory
fluoroguinolone (eg, gatifloxacin, levofloxacin,
moxifloxacin) or high-dose amoxicillin/clavu-
lanate (4 9/250 mg per day). The widespread use
of respiratory fluoroquinolones for patients with
milder disease may promote resistance of a wide
spectrum of organisms to this class of agents.
Ceftriaxone (parenteral, 1 to 2 g/day for 5 days) or
combination therapy with adequate gram-positive
and negative coverage may also be considered.
Examples of appropriate regimens of combination
therapy include high-dose amoxicillin or clinda-
mycin plus cefixime, or high-dose amoxicillin or
clindamycin plus rifampin. While the clinical ef-
fectiveness of ceftriaxone and these combinations
for ABRS is unproven; the panel considers these
reasonabl e therapeutic options based on the spec-
trum of activity of these agents and on data ex-
trapolated from acute otitis media studies. Ri-
fampin should not be used as monotherapy,
casudly, or for longer than 10 to 14 days, as
resistance quickly develops to this agent. Ri-
fampin is also a well-known inducer of several
cytochrome p450 isoenzymes and therefore has a
high potential for drug interactions. Failure of a
patient to respond to antimicrobial therapy after 72
hours of therapy should prompt either a switch to
aternate antimicrobial therapy or reevauation of
the patient (see Table 4). When a change in anti-
biotic therapy is made, the clinician should con-
sider the limitations in coverage of the initia
agent. Patients who have received effective anti-
biotic therapy and continue to be symptomatic
may need further evaluation. A CT scan, fiberoptic
endoscopy or sinus aspiration and culture may be
necessary.

Recommendations for initial therapy for chil-
dren with mild disease and who have not received
antibioticsin the previous 4 to 6 weeks include the
following: high-dose amoxicillin/clavulanate (90
mg/6.4 mg per kg per day), amoxicillin (90 mg/kg
per day), cefpodoxime proxetil, cefuroxime axetil,
or cefdinir. TMP/SMX, azithromycin, clarithro-
mycin, or erythromycin is recommended if the
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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 failure of 20%
to 25% is possible. The clinician should differen-
tiate an immediate hypersensitivity 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 tol-
erate one specific p-lactam, but not another. Fail-
ure to respond to antimicrobial therapy after 72
hours should prompt either a switch to alternate
antimicrobial therapy or reevauation of the pa-
tient (see Table 5). When a change in antibiotic
therapy is made, the clinician should consider the
limitations in coverage of the initial agent.

The recommended initial therapy for children
with mild disease who have received antibioticsin
the previous 4 to 6 weeks or children with mod-
erate disease is high-dose amoxicillin/clavulanate
(90 mg/6.4 mg per kg per day). Cefpodoxime
proxetil, cefuroxime axetil, or cefdinir may be
used if there is a penicillin alergy (eg, penicillin
rash); in such instances, cefdinir is preferred be-
cause of high patient acceptance. TMP/SMX,
azithromycin, clarithromycin, or erythromycin is
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recommended if the patient is B-lactam allergic,
but these do not provide optimal coverage. Clin-
damycin is appropriate if S pneumoniae is identi-
fied as a pathogen. Ceftriaxone (parenteral, 50
mg/kg per day for 5 days) or combination therapy
with adequate gram-positive and -negative cover-
age may also be considered. Examples of appro-
priate regimens of combination therapy include
high-dose amoxicillin or clindamycin plus ce-
fixime, or high-dose amoxicillin or clindamycin
plus rifampin. The clinical effectiveness of ceftri-
axone and these combinations for ABRS is un-
proven; the panel considers these reasonable ther-
apeutic options based on spectrum of activity and
on data extrapolated from acute otitis media stud-
ies. Rifampin should not be used as monotherapy,
casudly, or for longer than 10 to 14 days as
resistance quickly develops to this agent. Failure
to respond to antimicrobia therapy after 72 hours
of therapy should prompt either a switch to alter-
nate antimicrobial therapy or reevaluation of the
patient (see Table 5). When a change in antibiotic
therapy is made, the clinician should consider the
limitationsin coverage of theinitial agent. Patients
who have received effective antibiotic therapy and
continue to be symptomatic may need further
evaluation. A CT scan, fiberoptic endoscopy or
sinus aspiration and culture may be necessary.
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INTRODUCTION

The Sinus and Allergy Hedth Partnership, a
conjoint group initially sponsored by the Ameri-
can Academy of Otolaryngology Head and Neck
Surgery, the American Academy of Otolaryngic
Allergy and the American Rhinologic Society, in
consultation with representatives of the Centers
for Disease Control and Prevention (CDC), the
Food and Drug Administration (FDA), and indi-
viduals from the fields of infectious disease, pedi-
atric infectious disease, microbiology, and phar-
macy have developed these guidelines as an
educational tool for healthcare providers involved
in managing patients with acute bacterial rhinosi-
nusitis (ABRS). The guidelines, which were pub-
lished in 2000,* were widely accepted; however,
recent data (since the time of publication) and the
approval of new antimicrobial agents/classes may
impact the utility of those recommendations. As a
result, the guidelines are updated here to include
the most recent information on management prin-
ciples, antimicrobial susceptibility patterns, and
therapeutic options. Significant updates from the
previous version of the guidelines include:

 Diagnostic modalities, including serial sinus
aspirate sampling;

o Current antimicrobial susceptibility patterns
in the United States;

o Pharmacodynamic principles reflecting area
under the concentration-time curve (AUC)/
minimal inhibitory concentration (MIC) ratio
as the parameter that correlates with efficacy
for macrolides/azalides;

e Antimicrobial treatment recommendations
that reflect a better understanding of pharma-
codynamic/pharmacokinetic (PK/PD) princi-
ples,

o Consideration of new/other agents (eg, ex-
tended-release [adult] and extra strength
[children] amoxicillin/clavulanate, cefdinir,
telithromycin); and

o Modification of the Poole model to include
predicted bacteriologic outcomes in patients
with bacteriologic disease and predicted clin-
ical outcomes for a patient population with a
clinical only diagnosis of ABRS

While this revised version includes many up-
dates, much of this document is reprinted from the
original recommendations because several key
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concepts have not changed since the time of their
publication.

There are severa issues we attempted to ad-
dress during the process of writing this document:
(1) the diagnosis of bacteria “sinusitis’ is made
too freguently—patients with vira illnesses of
only a few days duration are inappropriately la-
beled 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) increased resistance
among respiratory tract pathogens, particularly
Sreptococcus pneumoniae.

In this document, the reader is taken through a
stepwise approach to this complex disease. The
burden, pathophysiology, and definition of ABRS
are reviewed, along with the attributes and limita-
tions of various diagnostic modalities. Also in-
cluded in these guidelines is a critical review of
antimicrobial treatment options for ABRS. Clini-
cal trials conducted in this era of widespread an-
timicrobial resistance are just beginning to provide
sufficient evidence to use as the basis for recom-
mending treatment options but, in general, they
are not sufficiently powered to be of objective use.
In lieu of evidence, severa factors may be useful
to clinicians in selecting therapy for individual
patients. These factors include pathogen distribu-
tion in ABRS, pharmacokinetic and pharmacody-
namic principles, mechanisms of antimicrobial re-
sistance, and data from in vitro surveillance
studies. Many of these factors have been incorpo-
rated into a mathematical model that can be used
to objectively compare various antimicrobia op-
tions for ABRS.

Our hope is that these guidelines will continue
to be a well-accepted part of national and interna-
tional efforts coordinated by the CDC and the
FDA aimed at educating healthcare providers and
patients about judicious antimicrobial use and
avoidance of the abuse and overuse of these valu-
able agents The misuse of antibiotics should not
be a replacement for spending time talking with
and examining the patient and teaching that pa-
tient and/or family members the differences be-
tween viral and bacterial infections. We cannot
rely on the pharmaceutical industry to continue to
develop new drugs as organisms become resistant;
rather, we must decrease unnecessary antimicro-
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bia use as a means to reduce the spread of resis-
tance.

We believe further research is necessary in or-
der to (1) develop better methods to diagnose
ABRS; (2) further explore the clinical application
of the antibiotic recommendations presented in
this document; (3) monitor antimicrobial resis-
tance patterns among respiratory tract patho-
gens—especially for S pneumoniae and Hae-
mophilus influenzae.

VIRAL Versus Bacterial Rhinosinusitis

Each year in the United States, children and
adults experience an average of 3to 8 and 2to 3
acute viral respiratory illnesses, respectively.?3
Up to 90% of these patients will actualy have
computed tomographic (CT) scan evidence of
paranasal sinus involvement (ie, viral rhinosinus-
itis[VRS]).?>* Secondary bacterial infections, also
referred to as ABRS, complicate a small humber
of viral infections and positive bacterial cultures
can be obtained in roughly 0.5% to 2% of VRS
episodes.®>® Approximately 20 million cases of
ABRS would therefore be expected, based on the
more than 1 billion viral respiratory illnesses that
occur each year. Sinusitis accounted for 9% and
21% of all pediatric and adult antibiotic prescrip-
tions, respectively, writtenin 2002.° In addition to
its public health implications, rhinosinusitis has a
considerable economic impact. The most recent
estimates suggest that expenditures attributable to
ABRS total approximately $3.5 billion each year
in the United States.” In 2002, approximately $400
to $600 million was spent on antibiotic prescrip-
tions for acute sinusitis.®®

Differentiating bacterial from viral rhinosinus-
itis often is a challenge because the clinica fea
tures of the two diseases are similar, and the
common imaging modalities are not sufficiently
sensitive or specific. As a result, clinicians often
overtreat uncomplicated rhinosinusitis by readily
prescribing antibiotics for the majority of patients
with signs and symptoms of VRS (eg, headache,
facial pain, nasal congestion, rhinorrhea, fever).
Recent reports in the medical literature suggest
that primary care physicians prescribe antibiotics
for up to 85% to 98% of patients with clinically
suspected rhinosinusitis.®*° The practice of treat-
ing uncomplicated VRS with antibiotics has two
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fundamental limitations: first, secondary bacterial
infection complicates arelatively small proportion
of cases and second, excessive antibiotic use is
associated with consequences, both to individuals
and to society as a whole.

As the total number of antibiotic prescriptions
increased throughout the 1990s, antimicrobial re-
sistance among respiratory tract pathogens
emerged as a significant public health issue. Ex-
cessive antibiotic use is strongly associated with
the development and spread of bacteria drug re-
sistance.'*1® Recent strategies promoting prudent
and rational antimicrobial use have been imple-
mented over the past several years. In 2000,
there were 25 million fewer antibiotic prescrip-
tions in the ambulatory care setting compared
with 1992 (17% reduction).” The most substan-
tial reductions in antimicrobial prescribing have
occurred for respiratory tract infections among
children (<15 years of age). However, there
was no significant change in the population-
based antibiotic prescribing rate for sinusitis
among children.*®

In rhinosinusitis, two features of antibiotic pre-
scribing are of particular concern. First is the
frequent treatment of uncomplicated VRS with
antimicrobials. Second is the selection of antimi-
crobia agents without documented efficacy or that
are no longer effective due to the development of
resistance. The continued goal of this panel is to
develop guidelines for the judicious use of antibi-
otics in the treatment of ABRS.

Definition and Diagnosis of ABRS

In 1997, the American Academy of Otolaryn-
gology developed working definitions for sinus-
itis to clarify communications among healthcare
providers and researchers.’® Sinusitis is gener-
ally preceded by rhinitis and rarely occurs with-
out concurrent rhinitis; therefore, sinusitis is
best described as rhinosinusitis. The terms
acute, subacute, recurrent acute, and chronic
rhinosinusitis were also reviewed and defined.
This terminology was subsequently adopted by
the Agency for Health Care and Policy Research
in the development of their 1999 document on
the Diagnosis and Treatment of Acute Bacterial
Rhinosinusitis.?°
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Pathophysiology of ABRS

ABRS is most often preceded by a vira upper
respiratory tract infection (URI). Allergy, trauma,
or other environmental factors that lead to inflam-
mation of the nose and paranasal sinuses may also
predispose individuals to developing ABRS. Ap-
proximately 50% of common colds are caused by
the human rhinovirus. Other viruses that cause
rhinosinusitis include coronavirus, influenza A
and B viruses, parainfluenza virus, respiratory
syncytial virus, adenovirus, and enterovirus. Most
of these viral infections occur in the early fall to
early spring, and the incidence of sinusitis follows
a similar pattern.

Human rhinovirus and coronavirus do not cause
major epithelial damage, but influenza virus and
adenovirus cause significant damage the nasal ep-
ithelium.?? Human rhinovirus, for example, en-
ters via the nose or lacrimal duct and attaches to
ICAM-1 receptors on epithelial cells in the poste-
rior nasopharynx.?® There is upregulation of the
production of histamine, bradykinin, and various
cytokines, including interleukin-1, interleukin-6,
interleukin-8, tumor necrosis factor-a,, and leuko-
triene C4. Viruses also have a substantial suppres-
sive effect on neutrophil, macrophage and lym-
phocyte function. Effects on neutrophil function
include diminished adherent, chemotactic, phago-
cytic, oxidative, secretory, and bactericidal func-
tions. Viruses aso suppress macrophage and lym-
phocyte function, resulting in patients with viral
URIs being generally more vulnerable to second-
ary overgrowth and subsequent bacterial infection
by pathogens residing in the nasopharynx, such as
Spneumoniae and H influenzae. An animal model
of nontypeable H influenzae adherence to respira-
tory epithelium was studied in the cotton rat with
respiratory syncytial virus (RSV) infection.?* Col-
onization with nontypeable H influenzae increased
to a maximum within 4 days of RSV infection
compared to RSV negative controls and then de-
clined over the subsequent 10 days. Systemic im-
munity to nontypeable H influenzae as measured
by 1gG-specific antibody to the outer membrane
complex and bactericidal antibody did not influ-
ence colonization. These data suggest that coloni-
zation with nontypeable H influenzae is signifi-
cantly affected by a concurrent infection with
RSV?* however, the site of bacterial attachment is
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not known. The mechanism of attachment in-
volves upregulation of expression of epithelial cell
surface receptors including CEACAM1, ICAM-1,
and PAF-r.?°

Subsequent activation of inflammatory path-
ways and the parasympathetic nervous system
generates the symptoms of rhinosinusitis. Fever,
myalgia, and pharyngitis frequently associated
with a vira URI tend to resolve after 5 days,
whereas nasal congestion and cough may persist
into the second and third week (Figure 1).2° Fever
alone at day 10 is not suggestive of ABRS. The
causes of secondary bacterial invasion of the si-
nuses are unknown, but a combination of factors
such as nose blowing,?” local/systemic immunity,
the virulence of the virus, colonization of the
nasopharynx with potential bacteria pathogens
(eg, S pneumoniae) and various environmental
factors may lead to conditions that are conducive
for bacterial entry and growth in the sinuses.

Because children experience an average of 3 to
8 viral URIs per year, the potentia for inappro-
priate antibiotic use is high in this population.?®
The mean duration of aviral URI ranges between
6.6 days (1- to 2-year-old children in home care)
and 8.9 days (children <1-year-old in day care).
Upper respiratory tract symptoms may, however,
last more than 15 days in approximately 7% (1- to
3-year-old children in home care) to 13% (2- to
3-year-old children in day care) of cases. Children
in day care are more likely to have protracted
respiratory symptoms.*®

Clinical Diagnosis of ABRS

Patients with a common cold usualy report
some combination of the following symptoms:
sneezing, rhinorrhea, nasal congestion, hyposmia/
anosmia, facial pressure, postnasal drip, sore
throat, cough, ear fullness, fever, and myalgia
Contrary to popular belief, achangein the color or
the characteristic of the nasal discharge is not a
specific sign of bacterial infection because after a
few days of a vira infection, mucopurulent nasal
secretions may occur due to an influx of neutro-
phils.33> In a recent study,® the clinical signs
and symptoms significantly associated in a multi-
variate model with the presence of bacteria in-
cluded colored nasal discharge, facia pain, and
radiologicaly determined maxillary sinusitis
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Duration of Symptoms in URIs
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Fig 1. Duration of symptoms in rhinovirus URIs. There are three patterns of symptoms and resolution: (1) fever and myailgia;
(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 two symptoms is entirely consistent with an uncomplicated rhinovirus infection.?¢

(complete opacity, air-fluid level, or mucosa
thickening >10 mm). The model only had a sen-
sitivity of 69% and a specificity of 64% and there-
fore could not be used either as a screening tool or
as a diagnostic criterion for bacterial rhinosinus-
itis. The authors of this study concluded that the
signs and symptoms of acute rhinosinusitis in pa-
tients with mild-to-moderate clinical presentations
are poor predictors of the presence of bacteria.®®

In astudy by Gwaltney et a* (n = 31), 87% of
adults with acute onset of URI symptoms demon-
strated inflammation within the nose and viscous
secretions, sometimes with air bubbles, in the si-
nuses on CT scan. After 2 weeks without antibi-
otic therapy, repeat CT scans in 14 subjects re-
vedled that 79% showed either disappearance or
marked improvement in the previously identified
abnormalities. The point at which a vira URI
becomes superinfected with pathogenic bacteria
may be determined with repeated sinus aspiration
studies. Sinus aspiration studies in adults demon-
strate significant bacterial growth in approxi-
mately 60% of patients with URI symptoms for 10
days or more.®® While duration of symptoms be-
yond 7 days is a moderately sensitive predictor of
ABRS, it is relatively nonspecific because dura
tion of symptoms does not reliably distinguish

prolonged viral infection from ABRS.*’ Individ-
ual cases may fall out of the “norm” of thistypical
progression and have specific findings suggesting
bacterial infection (fever, facial erythema and
swelling, and severe pain); therefore, clinicians
need to rely on clinical judgment when using these
guidelines. In general, a diagnosis of ABRS may
be made in adults or children with aviral URI that
has not resolved after 10 days or worsens after 5 to
7 days and is accompanied by some or al of the
following signs or symptoms: nasal drainage, na-
sa 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 pressure/fullness (Table 1).

Diagnostic Modalities

Physical examination provides limited informa-
tion in the diagnosis of ABRS. Severa studies
have evaluated whether certain signs or symptoms
are specific to bacteria infection; however, these
studies have methodologic limitations in that sinus
aspiration was not used to document the presence
or absence of bacterial infection.®” Unlike acute
otitis media, in which the tympanic membrane and
middle ear space are readily available for direct
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Table 1. Symptoms associated with acute
bacterial rhinosinusitis* ¥

Nasal drainage

Nasal congestion

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

Postnasal drip

Hyposmia/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 5-7 days) and is
accompanied by some or al of these symptoms.

tModified from ref. 19.

examination, the paranasal sinuses are hidden
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 visu-
alization of the middle meatus, and direct culture
of purulence in this region may correlate with
cultures from maxillary sinus aspirates.®>° In a
recent review of the literature, Benninger et al*°
reported that there is 60% to 85% concordance
between culture material obtained from endoscop-
icaly guided middle meatal swabs and maxillary
sinus puncture. These studies, however, are lim-
ited by small sample sizes, and are therefore in-
adequate to make recommendations regarding the
role of endoscopicaly guided middle meata cul-
tures as a formal method of identifying pathogens
in ABRS at this time. A prospective study is
currently underway to better answer this question.
Other diagnostic modalities include transillumina-
tion, ultrasound, and radiological imaging. Trans-
illumination 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 viral in-
fection.** 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 adequately as-
sessed, B-mode ultrasound has limited utility. A
study correlating CT scan and B-mode ultrasound
findings demonstrated a sensitivity of roughly
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73% for the maxillary sinuses, 23% for the frontal
sinuses and 11% for the ethmoids.** Compared
with clinical evaluation, the sensitivity of B-mode
ultrasound was 36% and the specificity was
90%.*® Because ultrasound is technique-sensitive,
there may be marked variationsin the reliability of
the information provided.** Ultrasound cannot
distinguish between viral and bacterial rhinosinu-
sitis.

Plain film radiographs primarily revea patho-
logic findings in the maxillary and frontal sinuses,
whereas the ethmoids are poorly visualized using
this imaging technique. Additionaly, plain radio-
graphs are imprecise at determining the extent of
disease.”® A meta-analysis of six studies demon-
strated that positive plain film radiographs have
moderate sensitivity (76%) and specificity (79%)
compared to maxillary sinus puncture® and a
negative radiograph has more diagnostic value
than either a negative clinical examination or ul-
trasound. CT scans clearly detect abnormalities
within the sinuses; however, as previously noted,
abnormalities are frequently found on CT scans of
patients with viral respiratory disease.* Magnetic
resonance imaging (MRI), without exposing pa-
tients to ionizing radiation, distinctly reveals mu-
cosal thickening and fluid within the paranasa
sinuses. In patients with maxillary sinusitis, serial
MRI scans demonstrate mucosal thickening per-
sisting for up to 8 weeks.*® Significant mucosal
changes seen on CT or MRI may therefore persist
significantly beyond microbiologic resolution of
bacterial or viral disease. CT and MRI scans are
not recommended for the routine management of
ABRS, but they may be helpful in guiding the
management for more complex cases.

Puncture of the maxillary sinus through the
canine fossa or the inferior meatus provides ma-
terial that may be cultured to identify bacterial
isolates. Technical expertise is required to mini-
mize complications, and the procedure is some-
what uncomfortable for the patient. Maxillary si-
nus puncture is not routinely used in cases of
suspected ABRS. It is usualy reserved for the
research setting or for patients with more compli-
cated infections. A novel technique—serial sinus
aspirate sampling—devised by Anon, Ambrose,
Jones et a, involves placing an indwelling catheter
into the maxillary sinus. This technique has pro-
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vided a means to determine actual time to eradi-
cation of various pathogens, compare change in
symptoms as the bacterial population decreases,
and evaluate antibiotic concentrations within the
sinus fluid.*’

SELECTION OF ANTIMICROBIAL
THERAPY FOR ABRS

The primary reason for recommending antibi-
otic therapy for ABRS is because withholding the
benefits of treatment unnecessarily exposes pa-
tients to unreasonable morbidity, particularly for
those with more severe symptoms. However, the
routine use of antimicrobial therapy for patients
who experience mild sinus symptoms for a short
duration (indicative of self-limiting viral rhinosi-
nusitis) is generally not a reasonable option be-
cause of the risks associated with promoting re-
sistance. Unfortunately, not all cases are
straightforward, and the decision of whether—and
when—to initiate antimicrobial therapy for an in-
dividual patient with signs and symptoms consis-
tent with ABRS often requires consideration of
potential risks and benefits of treatment. For ex-
ample, there is a subset of patients who may
experience prolonged, moderate to relatively se-
vere symptoms that are more attributable to host
factors (eg, immune response, anatomic abnormal-
ities) rather than bacteria infection. For these pa-
tients, the benefits of initiating an earlier course of
antimicrobial therapy might be appropriate.

The primary goa of antibiotic therapy for
ABRS isto eradicate the bacterial pathogens from
the site of infection,*® which helps (1) decrease the
duration of symptoms to allow patients to resume
daily activities more quickly; (2) return the sinuses
back to hedth; (3) prevent severe complications
(eg, meningitis and brain abscess); and (4) de-
crease the likelihood of developing chronic dis-
ease. Severe or life-threatening infections with or
without complications are rare, and are not ad-
dressed in these guidelines.

Clinical trials conducted in this era of wide-
spread antimicrobial resistance are just beginning
to provide some evidence to use as the basis for
recommending specific antimicrobial treatment
options but, in genera, they are not sufficiently
powered. In lieu of adequate evidence, severa
factors may be helpful to clinicians in selecting
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therapy for individual patients. These factors in-
clude pathogen distribution in ABRS, pharmaco-
kinetic and pharmacodynamic principles of anti-
microbial activity, mechanisms of antimicrobial
resistance, and data from in vitro surveillance
studies. Other factors, including symptom sever-
ity, the likelihood of infection with a resistant
pathogen, and the likelihood of spontaneous reso-
lution (based on the infecting pathogen) were in-
cluded in the methodology used by the panel to
objectively evaluate various antimicrobial options
for ABRS. Each of these factors will be discussed
in detail below.

MICROBIOLOGY OF ABRS

Bacteria are broadly classified into groups
based on their cell-wall composition, morphologic
characteristics, 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 peptidoglycan layer. The
peptidoglycan layer is composed of oligosaccha
ride 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 elements in their cell walls, the organi-
zation and content of these elements vary between
these two bacterial classes (Figure 2). The cdl
wall of gram-positive bacteria consists almost en-
tirely of a thick peptidoglycan layer fused to the
outside of the cytoplasmic membrane. Gram-neg-
ative bacteria, however, have cell walls composed
of a hydrophobic lipopolysaccharide capsule sur-
rounding a lipoprotein-phospholipid membrane
that contains small channels called porins. A thin
peptidoglycan layer lies between the outer mem-
brane and the inner cytoplasmic membrane. These
two biological layers are separated by the periplas-
mic space. This space is an important site for
degradation of antibiotics by drug-inactivating en-
zymes, such as B-lactamases, in gram-negative
bacteria. Penicillin-binding proteins (PBPs), en-
zymes essential for cell-wall synthesis, are located
in the cytoplasmic membrane. PBPs are found in
gram-negative and -positive organisms. Altered
PBPs, which have decreased affinity for B-lac-
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Fig 2. Gram-positive and gram-negative bacteria have different configurations of their cell walls, as noted in this
illustration. Penicillin binding proteins (PBPs) play an important role in cell wall synthesis.

tams, have been identified in a variety of organ-
isms.

The most common bacteria isolates recovered
from the maxillary sinuses of patients with ABRS
are S pneumoniae, H influenzae, other streptococ-
cal species, and Moraxella catarrhalis. A review
of sinus aspiration studies performed in adults
with ABRS suggests that Spneumoniaeisisolated
in approximately 20% to 43%, H influenzae in
22% to 35%, and M catarrhalis in 2% to 10% of
aspirates (Figure 3).23%4952 |n children with
ABRS, Spneumoniae isisolated in approximately
35% to 42%, while H influenzae and M catarrhalis
each are recovered from about 21% to 28% of
aspirates. Streptococcus pyogenes and anaerobes
account for 3% to 7% (Figure 4).36:49505354
Other bacterial isolates found in patients with
ABRS include Staphylococcus aureus and anaer-
obes36’49'5°

Nasopharyngeal Flora

Starting soon after birth, the nasopharynx is
colonized with flora such as viridans streptococci,
Corynebacterium species, Neisseria species and
anaerobes. Colonization with “respiratory patho-
gens’ occurs intermittently as discussed above,
and by 12 months of age 70% of children are
colonized by at least one of the three major respi-
ratory pathogens. S pneumoniae, H influenzae, or
M catarrhalis. Each pneumococcal strain persists
in the nasopharynx for between 1 and 12 months,
and point prevalence surveys have demonstrated

that as many as two thirds of children have naso-
pharyngeal carriage of pneumococci.>® More than
90% of children are colonized with S pneumoniae
by 3 years of age; the frequent serotypes/sero-
groups colonizing infants are 6, 9, 14, 19, and
23.%® Pneumococci aso have a high frequency of
genetic recombination, and strains carried in the
nasopharynx may change serotype.>” Strains of
nontypeable H influenzae also sequentially colo-
nize the nasopharynx; this process starts in in-
fancy. By 2 years of age, 44% of children have
been colonized, with each strain being carried for
1 to 7 months (mean 2.2 months).® Production of
H influenzae-specific IgA results in eradication of
carriage of a strain, which is followed by acquisi-
tion of anew strain with different surface proteins.
As is the case with S pneumoniae and H influ-
enzae, M catarrhalis colonizes the nasopharynx,
in early childhood; 78% of children are colonized
by 2 years of age.>® Each child is sequentialy
colonized with different strains of M catarrhalis.
Otitis-prone children are more frequently colo-
nized than otherwise healthy children.
Colonization with “respiratory pathogens’ in-
creases considerably during winter and during peri-
ods of viral URI, which often results in these organ-
isms causing bacterid otitis media and sinusitis.>®
Pdton et a® have recently reported that S pneu-
moniae was recovered from approximately 21% of
nasopharyngeal cultures performed on healthy chil-
dren versus 32% of cultures on the same children
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Microbiology of Acute Bacterial Rhinosinusitis (Adults)

[18S. pneum (20-43%)

B H. influenzae (22-35%)
M Strep spp. (3-9%)

H Anaerobes (0-9%)

O M. catarrhalis (2-10%)
0 8. aureus (0-8%)

W Other (4%)

Fig 3. Prevalence of predominant pathogens associated with acute bacterial rhinosinusitis in adults, 2364952

Microbiology of Acute Bacterial Rhinosinusitis (Children)

O S. pneum (25-30%)

B H. influenzae (15-20%)
O M. catarrhalis (15-20%)
[ S. pyogenes (2-5%)

B Anaerobes (2-5%)

W Sterile (20-35%)

Fig 4. Prevalence of predominant pathogens associated with acute bacterial rhinosinusitis in children,3¢:49:50.53.54

when presenting with acute otitis media (AOM).
Further, a study Bernstein et d®* suggests there is a
“to-and-fro” exchange of these organisms between
the nasopharynx and the lateral nasal wall. Bacterid
pathogens were isolated from 79% of adenoids and
46% of latera walls of the nose in children under-
going adenoidectomy. Molecular typing of pairs of
nontypesble H influenzae, S pneumoniae, and M

catarrhalis reveded that in 16 of 18 pairs (89%) the
identical strain was present in both sites smulta-
neoudly. In addition, administration of antimicrobials
increases carriage of antimicrobial-resstant strains
of these bacteria pathogens.®® Adults also have col-
onization of the nasopharynx, but duration of car-
riage is shorter than in children.%® A recent study®*
demondtrated that one of the primary respiratory
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pathogens was recovered from the nasopharynx of
approximately 75% of adults.

S pneumoniae

Pneumococci are gram-positive, catalase-nega
tive, facultatively anaerobic spherical bacteria that
are typically seen in pairs or chains. They are
nutritionally fastidious, 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-he-
molytic group of streptococci, and is distinguished
from the viridans group by occurring in pairs, by
the requirement for carbon dioxide for primary
isolation, and for autolyzing in the presence of bile
salts (bile solubility) and optochin (inhibition by
optochin-containing disks). Pneumococci are usu-
aly encapsulated and the capsular polysaccharides
are used for serological classification. Thereare 90
antigenically distinct capsular serotypesin 42 dis-
tinct serogroups. Some of the serotypes have com-
mon antigens and are grouped together in sero-
groups accounting for the designations of “6A”"
and “6B,” for example, in serogroup 6.

The incidence of invasive pneumococcal dis-
ease varies with serotype, and the likelihood of
infection with any given serotype is largely de-
pendent on the virulence factors expressed by
the bacteria. Pneumolysin and the polysaccha-
ride capsule are two of the most widely known
virulence factors for S pneumoniae. Infection
caused by serotype 14 and serogroups 6, 9, 18,
19, and 23 is highest in children, while 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 all age
groups. Further, it has been found that 12 sero-
groups account for about 80% of infections.®®
Seven serotypes, 14, 6B, 19F, 18C, 23F, 4, and
9V (in order of decreasing frequency), ac-
counted for 78% of isolates from blood, cere-
brospinal fluid and middle ear sources of chil-
dren in the United States.®® These are present in
the 7-valent conjugated pneumococcal vaccine
currently available in the United States.

Antimicrobial resistance is observed primarily
in serotypes 6A, 6B, 9, 14, 19F, and 23F, which
are the serotypes most frequently colonizing chil-
dren. Because these are exposed to antimicrobial
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agents more commonly, they are the most likely to
develop resistance.®” Serotypes 1, 3, 4, 5, 7, 11,
15, and 18 rarely acquire antibiotic-resistant
genes.

The incidence of invasive pneumococcal infec-
tions is dependent on the time of year.®® Further-
more, the incidence of infection caused by resis-
tant strains also may increase during winter
months.®®

Mechanisms of Resistance Among S pneu-
moniae. Resistance to B-lactams results follow-
ing a stepwise alteration in PBPs, which leadsto a
decrease in the binding affinities of B-lactams.”
Varying degrees of resistance to penicillin and
other B-lactams develop because changes can oc-
cur in multiple PBPs to alter the affinity for B-lac-
tams.”* There are six known PBPs in S pneu-
moniae—1a, 1b, 2b, 2x, 2z, 3—and alterations in
la, 2b, and 2x are most often associated with
resistance to penicillin (penicillin minimum inhib-
itory concentrations [MICs] range from 0.25
pg/mL to >8 pg/mL compared to =0.06 pg/mL
for susceptible strains).”

Macrolide resistance results primarily from al-
terations in ribosomal binding sites (due to a ribo-
somal methylase) or expression of an efflux mech-
anism.”>* There are two important genes
responsible for macrolide-resistant strains that are
most commonly encountered in the clinical set-
ting: erm genes, which code for aribosomal meth-
ylase and mef genes, which code for a macrolide-
specific cell membrane-based efflux mechanism.
The efflux mechanism confers a relatively moder-
ate degree of resistance, compared to the high
level of resistance seen in strains with altered
ribosomal binding sites. The efflux mechanism is
generally more common in the United States and
is relatively uncommon in most other parts of the
world. Recently, mechanisms of macrolide resis-
tance were identified that could not be explained
by any of the known resistance determinants.”
These novel mechanisms of macrolide resistance
involve mutations in genes encoding ribosomal
proteins (L4 or L22) or ribosomal RNA (23S
rRNA). Mutationsin genesfor L22 and 23S rRNA
result in increased macrolide MICs; however, the
effect is variable (MIC range 0.25 p.g/mL to >64
wg/mL). Mutations in genes for L4 generally con-
fer high-level resistance (MICs >64 pwg/mL).”>7®
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Isolates of S pneumoniae expressing these mutant
genes are rare but have been identified in several
surveillance studies,”®’® and there have been sev-
eral recent reports of macrolide treatment failures
resulting from development of these mutations
during therapy with macrolides.2>®* Ribosomal
methylase also confers cross-resistance to clinda-
mycin. Macrolide usage, particularly azithromy-
cin, has been associated with the recent increasein
S pneumoniae resistance to macrolides in the
United States.™®

Fluoroguinolone resistance results following
mutations in targets binding sites of these agents,
DNA gyrase and topoisomerase |V, rather than
requiring the acquisition of foreign genes. Muta
tions in the parC gene that encodes for topoisom-
erase |V or in the gyrA gene encoding for the Gyr
A subunit of DNA gyrase results in low-level
quinolone resistance. Mutations in both genes re-
sults in the expression of high-level quinolone
resistance. Although cross-resistance commonly
occurs among the fluoroguinolones, the newest
agents often remain active against some strains
that have become resistant to older agents. A flu-
oroquinolone efflux mechanism (pnrA) also has
been described for S pneumoniae.®®

Resistance to trimethoprim and sulfonamides
are also primarily a result of mutations in the
target binding sites of these agents, dihydrop-
teroate synthase and dihydrofolate reductase.

H influenzae

This organism belongs to the genus Hae-
mophilus, which consists of small, pleomorphic,
and facultatively anaerobic gram-negative ba-
cilli. Most species have complex nutritional re-
quirements, and growth is enhanced by a carbon
dioxide-enriched atmosphere. H influenzae is
characterized by its requirement for both hemin
(X factor) and NAD (V factor). Strains of H
influenzae may be either encapsulated or unen-
capsulated; encapsulated strains include six se-
rotypes (serotypes a to f). However, nontype-
able strains typically cause URIs such as otitis
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.

Mechanisms of resistance among H infiu-
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enzae. The primary mechanism of resistance to
B-lactams is through the production of B-lactama-
ses,® which hydrolyze the amide bond of the
B-lactam ring, thus inactivating the antibiotic.

To overcome the effects of B-lactamase—medi-
ated resistance, B-lactams that are less susceptible
to hydrolysis, and specific B-lactamase inhibitors
have been developed. Third-generation cephalo-
sporins (eg, ceftriaxone and cefixime) are stable in
the presence of -lactamases, whereas clavulanic
acid is a broad-spectrum irreversible inhibitor of
B-lactamases. Because clavulanic acid is de-
stroyed in the process of B-lactamase inhibition, it
is often described as a “suicide inhibitor.” Com-
binations of B-lactams and B-lactamase inhibitors
(eg, amoxicillin/clavulanic acid) often are useful
for the treatment of many B-lactamase—producing
bacteria including, H influenzae and M catarrha-
lis. Other B-lactamase inhibitors include tazobac-
tam and sulbactam. It is important to note that
B-lactamase inhibitors only serve to increase the
amount of active B-lactam compound at the target
Site to exert its activity against otherwise suscep-
tible bacteria Therefore, if the bacteria are not
inherently susceptible to B-lactam in the absence
of B-lactamases, addition of a -lactamase inhib-
itor will not make the organism susceptible. Al-
terations in PBPs also have been reported occa
sionally among strains of H influenzae, and these
strains are referred to as B-lactamase—negative
ampicillin-resistant (BLNAR). Resistance among
BLNAR strains is attributable to alterations in
PBPs 3a and 3b.%’

Most gram-negative organisms have multiple
efflux pumps to remove waste and foreign mate-
rial; one efflux pump for H influenzae is chromo-
somally mediated via acrAB genes. Macrolides
and azalides are substrates for these pumps and, as
aresult, these agents have intrinsically poor activ-
ity against H influenzae.®®

M catarrhalis

This species consists of aerobic, oxidase-posi-
tive, gram-negative diplococci. It has much less
fastidious growth requirements than either pneu-
mococci or Haemophilus species, and will grow
on simple media without blood or serum. The
primary mechanism of B-lactam resistance ex-
pressed by M catarrhalis is B-lactamase produc-
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Fig 5. The prevalence of nonsusceptible (infermediate + resistant) S pneumoniae over the past several years in the United

States.?®

tion; however, the B-lactamases produced by M
catarrhalis are different from those produced by H
influenzae. As a result, some agents (eg, cefpo-
doxime proxetil, cefuroxime axetil) are less active
against M catarrhalis than H influenzae (see Table
3). M catarrhalis is aso intrinsically resistant to
trimethoprim.#6-8°

Prevalence of Antimicrobial
Resistance Among Isolates of
S pneumoniae

Isolates of S pneumoniae with penicillin MICs
=0.06 wg/mL are defined as penicillin-suscepti-
ble, whereas penicillin-intermediate strains have
penicillin MICs of 0.12 to 1.0 pg/mL, and peni-
cillin-resistant isolates of S pneumoniae have a
penicillin MIC of =2 pg/mL. The latter two
groups are often referred to as “penicillin-nonsus-
ceptible,” and the clinical significance of these
varies with different B-lactams as will be dis-
cussed. Drug-resistant S pneumoniae (DRSP) con-
notes strains with penicillin MICs of =0.12
pg/mL and/or resistance to other classes of anti-
biotics. Multidrug-resistant S pneumoniae are de-
fined as organisms resistant to three or more
classes of antibiotics.

The increasing prevaence of isolates of S pneu-
moniae that are penicillin nonsusceptible has been

aconcern in the United States (Figure 5).%° In the
late 1980s and early 1990s penicillin-nonsuscep-
tible S pneumoniae became a major concern in the
United States.®>%? The Alexander Project is a
worldwide surveillance study that collects respira-
tory tract isolates from community-based physi-
cians and utilizes PK/PD susceptibility break-
points to evaluate the in vitro activity of various
antimicrobial agents.®® Recent data from the US
component of the Alexander project demonstrated
that 12% of isolates were penicillin-intermediate
and 25% were penicillin-resistant.

The prevalence of penicillin-nonsusceptibility
appears to have peaked in 2001 at 36%, and has
decreased to 31% in 2002.%? Resistance to other
antimicrobial classes has also decreased. This
trend may be attributable to severa factors, in-
cluding widespread use of the pneumococcal con-
jugate vaccine in children since 2000 as well as
less overall antimicrobia use.

The overall US prevalence of resistance to tri-
methoprim/sulfamethoxazole (TMP/SMX), mac-
rolides, doxycycline, and clindamycin was 37%,
29%, 21%, and 10%, respectively.®® Typicaly,
resistance to these classes of antimicrobials is
higher among penicillin-nonsusceptible isolates
(Figure 6).2° The respiratory fluoroquinolones (ie,
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Fig 7. The prevalence of B-lactamase production by H influenzae over the past several years in the United States.®!

gatifloxacin, levofloxacin, moxifloxacin) remain
active against S pneumoniae, with fewer than
2% of all isolates being resistant.®® Data from
the US component of the Alexander Project
1998-2000 demonstrate that 26% of S pneu-
moniae isolates were resistant to penicillin and
two other classes of agents, and approximately
16% of isolates were resistant to any four
classes of agents.®®

Prevalence of Antimicrobial
Resistance Among Isolates of H
influenzae and M catarrhalis

The prevalence of B-lactamase—producing iso-
lates of H influenzae varies dlightly according to
the particular study, ranging from 30% to 40%
(Figure 7).8%°1 However, essentialy al H influ-
enzae isolates were susceptible to high-dose
amoxicillin/clavulanate and cefixime.®® While
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BLNAR strains of H influenzae are rare in the
United States,®® they are more prevaent in other
countries (eg, Japan).>®

Based on PK/PD susceptibility breakpoints,
<1%, <1%, and approximately 3% of H influen-
zae isolates were susceptible to erythromycin, cla-
rithromycin, and azithromycin, respectively.®®
Approximately 22% of recent US H influenzae
isolates were resistant to TMP/SMX. Data from
the US component of the Alexander Project dem-
onstrated that 92% of M catarrhalis isolates pro-
duced B-lactamases.®®

Antimicrobial Use and Bacterial
Resistance

The extensive use of antibiotics may be associ-
ated with the development and spread of resistant
microorganisms.*1® Nasopharyngeal carriage of
resistant isolates of S pneumoniae is related to
recent antimicrobial use as well as to living in a
geographic region with a high volume of antibiotic
use in children,**°* and exposure to young chil-
dren.®® The prevalence of B-lactamase—producing
isolates of M catarrhalis was found to increase in
proportion with cephalosporin use.** In Finland,
consumption of erythromycin was related to an
increase in the prevalence of erythromycin-resis-
tant group A streptococci.*® Furthermore, a steady
and statistically significant decline in macrolide-
resistant group A streptococci occurred after re-
ducing the use of macrolide antibioticsfor 2 years,
which reinforces the rationale for judicious use of
antibiotics.*

ASSESSMENT OF ANTIMICROBIAL
ACTIVITY

Numerous methods may be utilized to assess
the in vitro activity of an antibiotic. Tests such as
the minimal inhibitory concentration (MI1C), min-
imal bactericidal concentration (MBC), and time-
kill testing are valid methods for the assessment 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 8).
Therefore, if an MIC is reported as 2 pg/mL, the
true inhibitory concentration is somewhere be-
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tween 1 pg/mL and 2 pg/mL. Two other terms
used are: MICg,, the lowest concentration that
inhibits 50% of the isolates tested and MICgy, the
lowest concentration that inhibits 90% of the iso-
lates tested. It is extremely important to remember
that the MIC is an in vitro characteristic of the
antimicrobial and is determined under strictly ad-
hered to conditions. Because 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 considered. Therefore, even if
an organism appears susceptible in vitro, clinica
failure may occur if in vivo conditions detract
from the activity of the drug. Similarly, some host
factors may actually improve the in vivo activity
of an antimicrobial. Macrophages, opsonic factors,
and complement may all act synergistically with
an antibiotic and thus provide enhanced antibac-
terial activity over that which would be predicted
in vitro. Additionally, many bacterial infections
resolve spontaneously without the use of antimi-
crobia agents.

While the MIC defines the amount of an anti-
microbial necessary to inhibit the growth of a
microbe, the MBC provides information regarding
the concentration of drug required to kill the or-
ganism. The MBC, like the MIC, isan in vitro test
that is subject to similar limitations in relation to
clinical effectiveness. The MBC is calculated by
determining concentrations of bacteria incubated
in the presence of varying drug concentrations at
time O and after 24 hours and is defined as the
lowest concentration that resultsin a 99.9% reduc-
tion in viable count a 24 hours compared to the
initial inoculum. The MBC values generally range
from 0 to 2, doubling dilutions higher than MIC
values. Because MICs are better standardized, less
costly, and less|abor intensive, they are used more
often than are MBCs. However, if the MBC is
much higher than the MIC (unless the drug is
known to be bacteriostatic), the organismis said to
display tolerance to the antimicrobial.

Pharmacokinetic/Pharmacodynamic
Principles

While MICs and MBCs are commonly utilized
to describe the in vitro potency of antimicrobial
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MIC — the lowest concentration of
antibiotic that inhibits bacterial growth

Broth

+ inoculum

+ antibiotic

Antibiotic
concentration 64 32 16
(pg/ml)

4 2 1 0.5 0.25 Control

(no antibiotic)
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(ug/ml)

Fig 8. The 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 into media containing a range of doubling
concentrations of the antimicrobial (ie, 0.5 pg/mL, 1 ng/mL, 2 pg/mL, 4 png/mL, etc.). The MIC in this figure is 4 pg/mL.

agents, these measurements do not account for the
pharmacokinetic properties of antimicrobial
agents; therefore, their ability to predict therapeu-
tic efficacy is limited.

The pharmacokinetics (ie, absorption, distribu-
tion, metabolism, and excretion) of many antimi-
crobials have been well established; however, the
discipline of pharmacodynamics has only recently
emerged. Pharmacodynamics describes the rela
tionship between drug concentration and pharma-
cologic effect. For an antibiotic, it describes the
relationship that exists between the drug concen-
tration to which the bacteria is exposed at various
sites of infection and bacterial killing. Pharmaco-
dynamics attempts to integrate both microbiologic
and pharmacokinetic data into more clinically rel-
evant relationships. The evolution of this science
has augmented the body of knowledge about how
antimicrobials best treat infections. In addition,
pharmacodynamics can be utilized to determine
the impact of antimicrobia resistance. Consider-
ation of pharmacodynamics can help define the

MIC limit at which the pharmacokinetics of a
specific antimicrobial drug would not be expected
to result in treatment success. Pharmacodynamics
has also established rational scientific principles
that provide the basis for developing dosing strat-
egies that optimize clinical outcomes.
Pharmacodynamically, in vivo bacteria killing
may be described as a function of the duration of
antimicrobial drug concentration over time rela
tive to the MIC of that agent against a particular
pathogen. The product of these pharmacokinetic
parameters (drug concentration and time of drug
exposure) in the bloodstream over the dosing in-
terval is expressed as the AUC (Figure 9). Out-
come of infection in animal models and human
studies usually correlates with one of three phar-
macodynamic parameters:. (1) time of exposure of
a bacteria to concentrations of the antibiotic ex-
ceeding the MIC of the agent against the pathogen
(time abovethe MIC [T > MIC]); (2) ratio of peak
serum concentration of the antimicrobia agent to
the MIC of the agent against the pathogen (peak:
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Fig 9. 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 particular pathogen. The product of these
pharmacokinetic parameters (drug concentration and time of drug exposure) over the dosing interval is expressed as

the area under the concentration-time curve (AUC).

MIC ratio), and (3) ratio of the AUC to the MIC of
the agent against the pathogen (AUC:MIC ratio).
Antimicrobial agents can thus be classified based
on the pharmacodynamic parameter that best de-
scribes their in vivo pattern of bactericidal activity
(Table 2).

Antimicrobials exhibiting time-depen-
dent killing. B-Lactams are agents commonly
used for respiratory tract infections that exhibit
time-dependent killing. These agents do not kill
more efficiently when the concentration exceeds a
critical value. While a concentration that is two- to
fourfold higher than the MIC is generally regarded
as being optimal (ie, greatest likelihood of clinical
success), further increasing the drug concentration
beyond this magnitude does not improve the rate
or extent of bacterial killing. These antibiotics
exhibit time-dependent killing, and the best pre-
dictor of clinical outcome is the duration of time
the concentration at the site of infection remains
above the MIC (T > MIC) for the bacteria In
simplistic terms, the antibiotic needs to be at a
high-enough concentration for a long-enough pe-
riod of time at the site of infection. For 3-lactams
and extracellular pathogens, the free-drug concen-
tration in serum is generally proportional to that in
the interstitial fluid bathing the organism (protein-

bound drug lacks antimicrobial activity). There-
fore, the proportion of the dosing interval that the
free-drug concentration in serum exceeds the an-
timicrobials MIC against a pathogen also reflects
this parameter at most sites of infection. The
amount of time that the free-drug concentration of
a time-dependent antibiotic remains above the
MIC (T > MIC) generally does not vary with the
pathogen or the immunocompetence of the host.
Data from in vitro pharmacokinetic simulations,
anima models, and human clinical studies suggest
that the T > MIC needed to achieve bacterial
eradication should generaly be >40% to 50% of
the dosing interval for time-dependent antibiot-
ics.®9 The optimal PK/PD parameter varies
somewhat for B-lactams because of variability in
the bacterial killing rate. For example, the T >
MIC that correlates with optimal outcomes with
carbapenems (15% to 25%) is slightly lower than
with penicillins (30% to 40%) and cephal osporins
(40% to 50%) because carbapenems have a more
rapid bacterial killing effect.%®

The relationship between the T > MIC and
efficacy has been evaluated in patients with acute
otitis media caused by S pneumoniae and H influ-
enzae. Bacteriologic cure rates of 80% to 85%
were observed when the T > MIC for various
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Table 2. Antimicrobial agents classified by pattern of bactericidal activity

Therapeutic goal (for S

Drug class Pharmacodynamic class pneumoniae)
B-Lactams Time-dependent Time above MIC >40%-
Penicillins 50% of the dosing interval
Cephalosporins
Macrolides Time-dependent (with moderate to pro- AUC-to-MIC ratio of 25-35
Erythromycin longed persistent effect)

Clarithromycin
Azithromycin

Ketolides

Telithromycin Concentration-dependent

Unknown*

Fluoroquinolones
Gatifloxacin
Levofloxacin
Moxifloxacin

persistent effect)

Concentration-dependent (with prolonged

AUC-to-MIC ratio of 25-35

*Further research is needed.

B-lactams were >40% to 50% of the dosing in-
terval.*1% Moreover, in hospitaized patients
with community-acquired pneumonia, no differ-
ences in clinical outcome were observed between
patients receiving cefuroxime sodium as a 1500
mg per day continuous infusion (T > MIC =
100%) compared to 750 mg intermittently three
times daily (estimated T > MIC = 50% to
60%).2°* Thus, a serum concentration which is
present for 40% to 50% of the dosing interval may
be used to determine the susceptibility limit or
“breakpoint” of an organism for a given dosing
regimen. Additionaly, the proportion of bacteria
that are therefore susceptible can be based on the
proportion of isolates with MICs at or below these
susceptibility limits or breakpoints.

Antimicrobials exhibiting tfime-depen-
dent killing with moderate to prolonged
persistent effects. Macrolides/azalides. Macro-
lides (eg, erythromycin and clarithromycin) and
azalides (eg, azithromycin) exhibit time-depen-
dent killing; however, because of the prolonged
postantibiotic effect against gram-positive cocci
and H influenzae“?, the pharmacodynamic param-
eter for these agents that correlates with efficacy is
the AUC to MIC ratio rather than T > MIC. The
AUC to MIC ratio that yields maximal efficacy
with drugs from the macrolide and azalide classin
animal models is approximately 25.1%3

Concern has been raised regarding the propen-

sity of azithromycin to select for bacteria that are
macrolide-resistant.*®* The impact of community-
based azithromycin use on the carriage and resis-
tance 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. Car-
riage rates of azithromycin-resistant Spneumoniae
immediately before treatment and 2 to 3 weeks, 2
months, and 6 months after treatment were 2%,
55%, 35%, and 6%, respectively. The selective
pressure of azithromycin may have alowed the
growth and transmission of preexisting azithromy-
cin-resistant strains.

One possible explanation for this observation
relates to the long serum half-life of azithromycin
and the long duration of subinhibitory concentra-
tions of the drug.*®® If the serum AUC 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 can be plotted (Fig-
ure 10). For the antimicrobial with a short half-
life, the duration of time between the drug con-
centration falling below the MIC and its total
elimination from the body is relatively short com-
pared to that of the antimicrobial with the longer
half-life. For an antimicrobial with a 68-hour half-
life (eg, azithromycin), total elimination from the
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Fig 10. If the serum concentration-time curves (AUC) for two antimicrobials, one with a short and the other with a long
serum halflife, are compared with MIC values superimposed, a period or “window” for potential Darwinian selection

develops as illustrated in this plot.

body does not occur for 5 to 7 half-lives or 14 to
20 days. This period of subinhibitory concentra-
tions of drug may be the pharmacodynamic expla-
nation for the aforementioned observations. This
concept is controversial and requires validation in
future studies, but similar findings have recently
been reported in a study from Israel.*
Antimicrobials exhibiting concentration-
dependent killing and prolonged persistent
effects. Fluoroquinolones and ketolides exhibit a
concentration-dependent mechanism of bacterial
killing, in which they kill most efficiently when
their concentrations are appreciably above the
MIC of the pathogen.®”1°71%8 The goal of dosing
regimen is to maximize drug concentration at the
site of infection. The AUC:MIC ratio and the
peak:MIC ratio are the mgjor parameters correlat-
ing with efficacy. Fluoroquinolones eradicate or-
ganisms best at levels 10- to 12-fold higher than
the MIC for the pathogen. Increases between 1 and
10 times the MIC of the S pneumoniae organism,
the rate and extent of killing is increased, but the
rate and extent of killing do not improve if the
organism is initialy susceptible to quinolones. If
the organism has a range of susceptibilities, how-
ever, the rate and extent of killing favors the more
potent in vitro agents.*®”*'° If the optimal peak-

to-MIC ratio is obtained, most bacteria die rapidly
and consequently, the period of time over which
the bacteria is exposed to the drug exposure is
minimal.

Although peak-to-MIC ratios of >10:1 to 12:1
correlate with optimal bactericidal activity,™** the
AUC to MIC ratio is a better parameter for deter-
mining efficacy of fluoroguinolones for moder-
ately susceptible bacteria, such as S pneu-
moniae.** In fact, in most fluoroquinolone dose-
fractionation studies, the AUC to MIC ratio has a
better correlation with efficacy than peak to MIC
ratio. Data obtained from several sources includ-
ing animal models of sepsis, in vitro pharmacody-
namic experiments, and clinical outcome studies
indicate that the magnitude of the AUC to MIC
ratio can be utilized to predict outcomes. Forrest et
a™? demonstrated that an AUC to MIC ratio of
=125 was associated with the highest bacterial
eradication rates in the treatment of infections
caused by gram-negative enteric pathogens. How-
ever, for gram-positive bacteria, it appears that
effective AUC to MIC ratios can be appreciably
lower. For instance, against S pneumoniae, an in
vitro model of infection demonstrated that for
levofloxacin and ciprofloxacin an AUC to MIC
ratio of approximately 30 was associated with a
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4-log reduction in bacteria titers, while ratios
<30 were associated with significantly reduced
rates of bacterial killing and in some instances
bacterial regrowth.*® Similarly, Lister and Sand-
ers™* reported that for levofloxacin and cipro-
floxacin an AUC-to-MIC ratio of 32 to 44 was
associated with maximal eradication of S pneu-
moniae in an in vitro model of infection. These
observations are supported by data from non-neu-
tropenic animal models of infection, in which sur-
vival was associated with an AUC-to-MIC ratio of
25 to 30 against the pneumococcus.™*®

Moreover, these observations from in vitro
models of infection are further supported by clin-
ical data. The relationship between microbiologic
response and the AUC-to-MIC ratio for gatifloxa
cin and levofloxacin was recently evaluated in
patients with pneumococcal respiratory tract in-
fections.™® This analysis demonstrated that for
gatifloxacin and levofloxacin, AUC-to-MIC ratios
of at least 33.7 correlated with the eradication of S
pneumoniae. AUC-to-MIC ratios >33.7 were as-
sociated with 100% of patients having a positive
microbiologic response to therapy, while those
patients with AUC-to-MIC ratios <33.7 had only
a 64% response to therapy. The probability of
attaining an AUC-to-MIC ratio exceeding 30 with
currently approved doses varies among fluoro-
quinolones (moxifloxacin = gatifloxacin =
levofloxacin).

Ketolides have not yet been approved for usein
the United States, and their optimal PK/PD param-
eters have not yet been clearly established. Certain
animal models of infection (eg, mouse thigh in-
fection) suggest that the AUC-to-MIC ratio that
correlates with efficacy against S pneumoniae for
most ketolides is 25 to 50, whereas higher
ratios (up to 100) improve survival.**” For one of
the ketolides, telithromycin, the AUC-to-MIC ratio
that correlates with efficacy for S pneumoniae may
be much higher (between 50 and >200).*&12°
Based on this uncertainty, we have considered
telithromycin to be considered equivalent to cur-
rently available macrolides/azalides until subse-
guent data proves otherwise. Bacteriologic eradi-
cation rates in clinical trials to date with
telithromycin suggest this agent may be valuable
for the management of community-acquired respi-
ratory tract infections, although the value of such
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studies is limited, as most bacteriologic outcomes
are presumed outcomes based on clinica
outcome.**

The PK/PD goals identified using anima mod-
els generaly correlate with those in humans, and
despite PK differences between animals and hu-
mans, the PD target is similar. This should not be
surprising because the antimicrobial target is
within the bacterial pathogen and not the mamma-
lian host. However, the animal models often ex-
clude host defenses (ie, neutrophils) to more
clearly delineate the effects of antimicrobial ther-
apy, and there are data to suggest that the PK/PD
goal may be lower for certain agents (eg, ketol-
ides) in the presence of adequate host defens-
es.1?2123 Fyrthermore, the PK/PD goals from an-
imal models are calculated based on the
assumption that serum concentrations approxi-
mate concentrations at the site of infection. How-
ever, certain agents (eg, macrolides) tend to accu-
mulate at various sites of infection (eg, epithelia
lining fluid), which may affect the PK/PD goal for
these agents.***

Pharmacokinetic and pharmacodynamic princi-
ples play an important role in the evaluation and
selection of antimicrobia therapy for ABRS and
bacterial infections, in general. Once the PK/PD
parameter that best predicts antimicrobial activity
in vivo (ie, T > MIC, AUC:MIC ratio) is identi-
fied and the magnitude of the PK/PD parameter
required for efficacy is determined (ie, PK/PD
goal), resistance can be defined for situations in
which the PK/PD goal cannot be achieved. The
PK/PD goal generally does not change based on
the site of infection, it is not affected by the dosing
regimen or the infecting pathogen (including re-
sistant strains), or the use of other agents in the
same drug class (as long as free-drug concentra-
tions are used).

Current NCCLS breakpoints*®> for the same
agent vary considerably, depending on the patho-
gen, whereas PK/PD breakpoints are the same for
al pathogens. For S pneumoniae, PK/PD break-
points are generaly the same as, or within one-
doubling—dilution of, NCCLS susceptibility
breakpoints. As aresult, both NCCLS and PK/PD
breakpoints are similar at characterizing the activ-
ity of various agents against S pneumoniae.

However, there are significant differences be-
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Fig 11. Determining PK/PD breakpoints: Time above the MIC. Schematic illusiration of the serum pharmacokinetic profile
of two time-dependent oral drug regimens over an 8-hour dosing interval. Drug A is present at 2 ng/mL for >50% of the
dosing interval. Drug B is present at 2 png/mL for approximately 35% of the dosing interval, but at 1 ug/mL for >50% of the
dosing interval. Therefore, infections caused by a pathogens for which the MICs of both drugs are 2 ug/mL are more likely
to be cured by Drug A rather than Drug B. Drug B would, however, be effective against strains where the MIC is =1 ng/mlL,
as Drug B is present at 1 pg/mL for >50% of the dosing interval. Drugs A and B can be two different ime-dependent drugs,
or two different dosing regimens of the same agent. A similar process can be done to determine the PK/PD breakpoint
for concentration-dependent agents, in which the AUC (for the unbound serum fraction) is divided by 25 or 30.

tween NCCLS and PK/PD susceptibility break-
points for several antimicrobial agents against H
influenzae, and the breakpoints used (NCCLS vs.
PK/PD) can affect the interpretation of findings
from surveillance studies.?>?° As PK/PD break-
points are based on the PK/PD relationships of the
agents that result in successful clinical outcomes,
rather than on MIC distributions of various spe-
cies, the use of PK/PD breakpoints overcomes
most of the limitations associated with use of
NCCLS breakpoints.

Defining Aantimicrobial Susceptibility
Breakpoints

As previously discussed, pharmacokinetic/phar-
macodynamic PK/PD parameters can be used to
define susceptibility breakpoints for antibiotics.
Defining susceptibility breakpoints for antimicro-
bia agents does not require special data sets or
extensive in vitro or clinical studies. In fact, in
most cases, PK/PD breakpoints can be determined
from previously published data (ie, plasma con-
centration vs. time curves). For time-dependent
agents (eg, B-lactams), the PK/PD breakpoint can

be determined by identifying the timeframe (X-
axis) that corresponds with 40% to 50% of the
dosing interval and extrapolating that to the con-
centration (Y-axis) (Figure 11). A similar process
can be used to determine the PK/PD breakpoint
for concentration-dependent agents, in which the
AUC (for the unbound serum fraction) is divided
by 25 or 30.

Table 3 compares the susceptibility of isolates
of Spneumoniae, H influenzae, and M catarrhalis
to various antibiotics according to their PK/PD
breakpoints.®® The panel used PK/PD breakpoints
in preference to NCCLS™ or FDA breakpoints to
allow unbiased comparisons of sinusitis pathogens
using one breakpoint for each agent.

Monte Carlo Simulations

As discussed in the previous section, two of the
most important factors that influence the effective-
ness of a particular antibiotic regimen are the drug
exposure in the individual, which is reflected by
the pharmacokinetics and pharmacodynamics of
the drug, and the susceptibility of the infecting
pathogen to the anti-infective agent selected for
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Table 3. Susceptibility of respiratory tract isolates (1998 to 2000) to antimicrobial agents at PK/PD

breakpointsé? 9o

Percentage of isolates susceptible at PK/PD breakpoint

Susceptibil- Penicillin- Penicillin-

ity break- S pneu- susceptible intermediate Penicillin- H influ-

point (ng/ moniae S pneu- S pneu- resistant enzae M catar-

mL) (all) moniae moniae S pneumoniae (n = rhalis
Agent (PK/PD) (n =2901) (n = 1845) (n = 382) (n = 674) 1919) (n = 204)
Amoxicillin =2 91.6 100 100 63.6 70.2 7.3
Amoxicillin HD* =4 95.2 100 100 79.4 70.2 7.3
Amox/Clavt =2 92.1 100 99.7 66.3 98.3 100
Amox/Clav HD/ =4 95.2 100 100 79.4 99.8 100
extended
release* t

Cefaclor =05 19.7 30.3 29 0.1 3.7 8.7
Cefuroxime axetil =1 72.6 99.9 68.8 0.0 82.8 50.5
Cefixime =1 66.3 96.7 35.3 04 >090.9 100
Ceftriaxone =1 96.3 100 99.5 84.6 >09.9 93.6
Cefprozil =1 718 99.7 63.1 04 23.2 9.2
Cefpodoximef =05 75.4 99.7 67.4 0.7 100 85.0
Cefdinir =0.25 68.8 98.4 49.2 0.5 78.2 77.6
Loracarbef =05 7.6 10.3 6.5 0 9.6
Erythromycin =0.25 72.0 92.6 49.7 28.0 0.0 100
Clarithromycin =0.25 72.3 92.8 51.0 28.2 0.0 100
Azithromycin =0.12 710 91.8 48.4 27.2 2.3 100
Clindamycin =0.25 90.6 97.9 814 75.8 0 0
Ciprofloxacin =1 § 8§ 8 8§ 100 100
Levofloxacin =2 99.1 99.0 99.7 99.1 100 100
Gatifloxacin =1 99.1 99.0 99.7 99.1 100 100
Moxifloxacin =1 99.2 99.0 100 99.3 100 100
Doxycycline =0.25 80.4 95.2 65.2 48.7 25.1 96.3
TMPISMXT =05 63.7 86.4 46.1 11.3 78.1 19.3

The activity of telithromycin against S pneumoniae, H influenzae, and M catarrhalis depends on its PK/PD breakpoint, which is uncertain at this
time. The activity of telithromycin is assumed to be similar to that of macrolides/azalides until further information becomes available.
Amox/clav, amoxicillin/clavulanate; NA, not applicable; PD, pharmacodynamic; PK, pharmacokinetic; TMP/SMX, trimethoprim/sulfamethox-
azole. All values are based on PK/PD breakpoints, except for S pneumoniae, in which values are shown as PK/PD and new (Jan 2000) NCCLS
breakpoints and for clindamycin and TMP/SMX, in which NCCLS breakpoints are used. Data are adapted from reference 88.

*High-dose amoxicillin or amoxicillin-clavulanate as defined in text.
tShown as amoxicillin component.

FSusceptibility data for cefpodoxime were obtained from the SENTRY database.®
§The MICs of ciprofloxacin against some isolates of S pneumoniae are above the PK/PD breakpoint; therefore, ciprofloxacin does not reliably

cover this organism.
fIShown as TMP component.

therapy, which isreflected by the MIC of the agent
against the pathogen.

However, because of natural differences in bi-
ological systems, both MICs and human pharma
cokinetic curves in serum distribute across a range
of values.*”*?® Consequently, some bacterial
strains are less susceptible to an antimicrobial
agent than others and some are more susceptible
than others. Similarly, some people absorb, me-
tabolize, distribute, and excrete a drug more rap-
idly than others, and some more slowly, leading to

considerable variations in pharmacokinetic param-
eters.*?® As aresult of these variations, antimicro-
bial-agent efficacy in vivo may differ from the in
vitro prediction of drug susceptibility in some
patients. To determine the true efficacy of an agent
in every patient, the MIC of the causative organ-
ism against the agent used and the serum pharma-
cokinetics of the agent would need to be deter-
mined in each patient. This is, of course,
physicaly impossible, and has only been per-
formed on a small scale for both practical and
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ethical reasons.™* Pharmacokinetic/pharmacody-
namic breakpoints are, therefore, currently deter-
mined from mean serum pharmacokinetic values,
which do not reflect variations in pharmacokinet-
ics from patient to patient, so that some patients
will not achieve the target needed, while others
will exceed the target.**° An example of this using
susceptibility of gatifloxacin and levofloxacin
against S pneumoniae is shown in Figure 12,13
The susceptibility breakpoints for standard dosing
regimens of these agents, based on unbound serum
AUC divided by 30, is 1 pg/mL for gatifloxacin
and 2 wg/mL for levofloxacin, and virtually all
isolates are “susceptible” at these breakpoints
(Figure 12, panels A and B). However, the modal
MIC of gatifloxacin is 0.25 wg/mL, or one quarter
of the breakpoint, whereas that of levofloxacinis 1
pg/mL or one half of the breakpoint.**? Variations
in pharmacokinetics between patients are there-
fore more likely to result in levofloxacin not
achieving its target more often than gatifloxacin,
as gatifloxacin has a wider “safety margin” than
does levofloxacin between MIC values and break-
points. The variability in pharmacokinetics of
these agents in patients enrolled in clinical trias,
using dosing regimens of 400 mg once daily for
gatifloxacin and 500 mg once daily for levofloxa-
cin, isillustrated in panels C and D of Figure 12.
AUC values for gatifloxacin varied from 8 to 500
(mean 64), while values for levofloxacin varied
from 17 to 389 (mean 70). The “average” AUC
and modal MIC values for these two agents would
therefore result in “average” AUC:MIC ratios of
256 for gatifloxacin and 70 for levofloxacin. How-
ever, the variations in AUCs between patients and
in MICs between isolates could result in AUC:
MIC ratios varying from 1.5 to 6667 for gatifloxa-
cin and from 3 to 2783 for levofloxacin.*3
Monte Carlo simulation is a statistical method
for estimating the probability of obtaining a de-
sired target, which, in this case, is the pharmaco-
Kinetic/pharmacodynamic parameter needed to
eradicate an infection, such as an AUC:MIC ratio
of 30. Monte Carlo methods randomly select val-
ues from within a fixed range and selected to fit a
probability distribution (eg, bell curve). Monte
Carlo simulation can use individual values in two
data sets, in this case MICs and AUCs, to generate
random AUC:MIC ratios from randomly chosen

SINUS AND ALLERGY HEALTH PARTNERSHIP 25

MIC and AUC values. This can be done thousands
of times, and the distribution of these results can
be plotted.

The results of this simulation performed 5000
times on the data from panels A to D are shown in
panels E and F of Figure 12. Based on these
analyses, the AUC:MIC target value of =30 was
achieved with 99% certainty for gatifloxacin and
82% for levofloxacin.*3* Although the clinical im-
plications of these findings have yet to be fully
explored, such analyses provide further insight
into optimal patient management. The FDA advi-
sory committee on anti-infective drug products
found Monte Carlo simulation, as presented by
Drusano in October 1998, to be a reasonable ap-
proach to addressing these issues. Further study of
these problems is needed, particularly to address
variations in pharmacokinetics between each dose
of an agent during a course of therapy in an
individual patient as most data collected to date
only reflected pharmacokinetics determined over
one dosing interval in each patient.

Antimicrobial Activity According to
Pharmacokinetic/Pharmacodynamic
Breakpoints

Of ora agents, the respiratory fluoroquinolones
have the greatest in vitro activity against the pre-
dominant pathogens. However, parenterally ad-
ministered ceftriaxone may assure adequate con-
centration and provide better bacteriologic
outcomes compared with oral antimicrobia ther-
apy.

The rlative antimicrobial activity against isolates
of Spneumoniae based on PK/PD breskpoints® can
be liged as: gatifloxacin / levofloxacin / moxifloxacin
(>9%); ceftriaxone / high-dose amoxicillin (= davu-
lanate [extended-rdease or extra grength]) (95% to
97%); amoxicillin (= davulanate) / clindamycin (90%
to 92%) ; cefpodoxime proxetil /cefuroxime axetil /
cefdinir /ferythromycin /darithromycin / azithromycin /
telithromycin / cefprozil / TMP/SMX / cefixime (63%
to 75%); loracarbef / cefaclor (<<20%).

The relative antimicrobia activity againgt H influ-
enzae based on PK/PD breskpointsis: gatifloxacin /
moxifloxacin / ceftriaxone / cefixime / cefpodoxime
proxetil / extended-rel ease and extra strength amoxi-
cillin/clavulanate / amoxicillin/clavulanate (95% to
100%); cefuroxime axetil / cefdinir / TMP/ISMX /
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amoxicillin (70% to 85%); cefprozil / cefaclor /
loracarbef / doxycycline / erythromycin / clarithro-
mycin / azithromycin / telithromycin (<25%).89%°

The relative antimicrobia activity againg M ca-
tarrhalis is. gatifloxacin / levofloxacin / moxifloxa
cin / cefixime / extended-release and extra strength
amoxicillin/clavulanate / telithromycin / erythromy-
cin/ clarithromycin / azithromycin (100%); doxycy-
cline/ceftriaxone / cefpodoxime proxetil / cefdinir
(78% to 96%); cefuroxime axetil (50%); cefprozil /
amoxicillini - TMPISMX |  cefaclor/loracarbef
(<20%).89%0

Antimicrobial Classes

Currently, the oral antimicrobial classes used to
treat ABRS include: B-lactams, fluoroquinolones,
macrolides/azalides, lincosamides, tetracyclines,
and sulfonamides/trimethoprim, while one ketol-
ide has undergone clinical study but has not yet
been approved for clinical use by the FDA.

B-Lactams. This class of antimicrobials—
which are characterized by the presence of a
B-lactam ring—includes numerous compounds,
many with different spectra of activity. The 3-lac-
tams exert their antibacterial effect by inhibiting
cell-wall synthesis and producing autolysis. This
action is accomplished through the binding of the
antimicrobial to the various PBPs in the cell wall.

Orally available agents include the penicillins
(with and without B-lactamase-inhibitor com-
pounds) and the cephalosporins. Cephal osporins
have been modified to broaden the spectrum of
antimicrobial activity, and increase stability in the
presence of B-lactamases. The physicochemical
properties of many oral cephal osporins make them
less suitable than penicillinfamoxicillin when S
pneumoniae is the infecting pathogen. Cephalo-
sporins are inherently less active than penicillin/
amoxicillin against S pneumoniae—many of these
agents have baseline MICs that are fourfold higher
than that of amoxicillin. Furthermore, cephal ospo-
rins are actively absorbed in the gastrointestinal
tract, which limits the concentration that can be
achieved, regardless of the magnitude of dose
administered.

Amoxicillin and amoxicillin/clavulanate. A less
potent but better-absorbed derivative of ampicil-
lin, amoxicillin is relatively safe and well toler-
ated. Given itsintrinsic activity and excellent bio-
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availability, amoxicillin is generally considered
the most active of all ora B-lactams against strep-
tococci, including pneumococci. While the addi-
tion of clavulanate to amoxicillin does not affect
the intrinsic activity against S pneumoniae, clavu-
lanate does preserve the activity of amoxicillin in
the presence of B-lactamases.

Resistance to penicillin in isolates of S pneu-
moniae is relative and may be overcome by using
higher doses of amoxicillin. While the “typical”
adult amoxicillin dose is 1.5 to 1.75 g/day and the
“typical” pediatric amoxicillin dose is 40 to 45
mg/kg per day, pharmacokinetic and pharmacody-
namic research indicates that higher daily doses
may be necessary to eradicate S pneumoniae with
high MICs. Serum levels of amoxicillin increase
linearly with the dose (ie, gastrointestinal absorp-
tion is not a limiting factor), and the difference in
the incidence of adverse effects between lower
and higher doses is negligible.

For the purposes of these guidelines, high-dose
amoxicillin is defined as 4 g/day for adults and 90
mg/kg per day for children. High-dose amoxicil-
lin/clavulanate is defined as 4 g of amoxicillin
with 250 mg of clavulanate per day for adults, and
90 mg/kg per day of amoxicillin with 6.4 mg/kg
per day of clavulanate (in two divided doses) for
children. The only formulations of high-dose
amoxicillin approved by the FDA are in combina-
tion with clavulanate, with separate formulations
for adults and children. The adult formulation uses
a modified-release mechanism to provide a phar-
macokinetically enhanced version of amoxicillin/
clavulanate. The pediatric formulation provides a
14:1 ratio of amoxicillin to clavulanate in an oral
suspension.

High-dose amoxicillin (with or without clavu-
lanate), appears to be safe and promising for re-
spiratory tract pathogens, including penicillin-
nonsusceptible S pneumoniae and B-lactamase-
producing organisms (in combination with
clavulanate).>>133136

The intrinsic activity of amoxicillin against
B-lactamase—negative strains of H influenzae is
fair to good. Amoxicillin is 20 to 50 times less
potent than third-generation cephalosporins (ie,
cefixime, cefpodoxime), and occasiona failures
may be expected in infections caused by B-lacta-
mase—negative strains of H influenzae treated with
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Fig 12. Monte Carlo simulation. (A,B) Distribution of gatifioxacin and levofloxacin MICs against S pneumoniae from the
1999-2000 Sentry Respiratory Surveillance Program study. (C) Distribution of gatifioxacin free-drug area under the con-
centration-time curve (AUC)q,,4 (1g - h/mL) ratio in the patient population. (D) Distribution of levofloxacin free-drug area
under the concentration-time curve (AUC)q.,4 (g - h/mL) ratio in the patient population. (E) Results of a 5000-patient
Monte Carlo simulation for gatifioxacin based on MIC and AUC distributions presented in (A) and (C). The dark bars
represent the number of simulated patients with AUC:MIC ratios <30, whereas the light bars represent patients with
AUC:MIC ratios of =30. The probability of gatifioxacin attaining an AUC:MIC ratio of at least 30 is 98.80%. (F) Results of a
5000-patient Monte Carlo simulation for levofloxacin based on MIC and AUC distributions presented in (B) and (D). The dark
bars represent the number of simulated patients with AUC:MIC ratios <30, whereas the light bars represent patients with
AUC:MIC ratios of =30. The probability of levofioxacin attaining an AUC:MIC ratio of atf least 30 is 81.7%. Reprinted with
permission from reference.'3'



28 SINUS AND ALLERGY HEALTH PARTNERSHIP

standard doses of amoxicillin. While the addition
of clavulanate enhances the activity against 3-lac-
tamase—producing strains of H influenzae, drugs or
formulations that optimize PK/PD performance
help prevent treatment failures that occur when
patients concentrate the drug at the site of infec-
tion (for varying reasons) to a less than average
degree, especially when the average tissue concen-
tration is close to the MIC of the pathogen (see
discussion on Monte Carlo analyses). This is the
reason why recent studies show that high-dose
amoxicillin (£ clavulanate) has significantly
fewer bacteriologic failures against B-lactamase—
negative H influenzae than lower doses, even
though the in vitro susceptibility rate for regular
doses of amoxicillin-clavulanate is 98%.

The addition of clavulanate does not appear to
be a driving force in the development of resis-
tance. When administered three times a day,
amoxicillin/clavulanate has been associated with a
high incidence of gastrointestinal side effects
compared to most of its alternatives. The inci-
denceissignificantly lesswith twice-a-day dosing.
In general, when the clavulanate dose exceeds
approximately 10 mg/kg per day, diarrhea can
become a problem.

Cefaclor. Cefaclor has poor activity against H
influenzae, fair activity against penicillin-suscep-
tible pneumococci, and no activity against DRSP.
Therefore, cefaclor has poor overal efficacy
against bacterial respiratory tract pathogens.

Cefdinir. Cefdinir is an extended-spectrum
semisynthetic cephalosporin, for oral administra-
tion with activity against S pneumoniae that is
comparable to second-generation agents (eg, cefu-
roxime axetil, cefpodoxime proxetil).*>’ Its activ-
ity against H influenzae is similar to cefuroxime
axetil, but lower than that of cefpodoxime prox-
etil. Cefdinir is not appreciably metabolized and is
eliminated principally via renal excretion. This
agent is generally well tolerated, and the suspen-
sion formulation is very well accepted among
children 38139

Cefixime. Asthe prototype oral third-generation
oral cephaosporin, cefixime has potent activity
against H influenzae but provides limited gram-
positive coverage including S pneumoniae. Ce-
fixime has no activity against staphylococci, may
occasionally fail against even penicillin-suscepti-
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ble pneumococci, and has no clinically significant
activity against DRSP.

Cefpodoxime proxetil. Cefpodoxime proxetil, a
third-generation oral cephalosporin, is a structural
analog of ceftriaxone, and has similar activity to
cefixime against respiratory pathogens. The activ-
ity of cefpodoxime proxetil is similar to that of
cefuroxime axetil and cefdinir against S pneu-
moniae, but greater against H influenzae. Because
of its spectrum of activity, cefpodoxime proxetil
often is regarded as the preferred treatment for
patients in whom treatment with high-dose amoxi-
cillin or amoxicillin/clavulanate fails (or is intol-
erable). However, the clinica utility (ie, adher-
ence) of the suspension formulation for childrenis
often limited by its poor taste.

Cefprozl. Cefprozil is another good-tasting and
well-tolerated broad-spectrum cephalosporin that
has activity against S pneumoniae similar to cef-
dinir and cefuroxime axetil.**” However, cefprozil
is markedly less active against H influenzae.

Ceftriaxone. Ceftriaxone is a semisynthetic,
broad-spectrum cephal osporin antibiotic for intra-
venous (1V) or intramuscular (IM) administration.
Ceftriaxone sodium is completely absorbed fol-
lowing IM administration with mean maximum
plasma concentrations occurring between 2 and 3
hours post dosing. Multiple intravenous or IM
doses ranging from 0.5 to 2 g at 12- to 24-hour
intervals resulted in 15% to 36% accumulation of
ceftriaxone above single-dose values.

Cefuroxime axetil. Parenteral cefuroxime so-
dium has a long-established history in the treat-
ment of moderate-to-severe lower respiratory in-
fections caused by H influenzae and S
pneumoniae. An oral formulation, cefuroxime ax-
etil, was introduced in the 1980s, it has demon-
strated good potency, efficacy, and side effect
profiles. The activity of cefuroxime axetil against
S pneumoniae is similar to cefpodoxime and cef-
dinir. Cefuroxime axetil is less active than cefpo-
doxime against H influenzae.

Loracarbef. Loracarbef is comparable to cefa
clor inits activity against pathogens in respiratory
tract infections.

Fluoroquinolones: Gatifloxacin, levofloxacin,
and moxifloxacin. Fluoroquinolones exert their
bactericidal activity by binding to DNA gyrase
and topoisomerase | V. Thisimpedes the formation
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of supercoiled DNA, inhibits the relaxation of
supercoiled DNA, and promotes double-strand
DNA breakage. Ciprofloxacin has excellent activ-
ity against H influenzae and M catarrhalis, but the
AUC-to-MIC ratio against S pneumoniae is only
10 to 20, whereas the target AUC-to-MIC ratio of
fluoroquinolones for S pneumoniae is approxi-
mately 25 to 30.%"*° Ciprofloxacin in combina-
tion with adequate gram-positive therapy (eg, clin-
damycin) could be used for patients with
rhinosinusitis. The newer fluoroquinolones (gati-
floxacin, levofloxacin, and moxifloxacin) have re-
markable potency against H influenzae and M ca-
tarrhalis and, unlike ciprofloxacin, potency
against gram-positive pathogens, including S
pneumoniae.*** Gemifloxacin is another quino-
lone that is active against respiratory pathogens,
but this agent is not currently approved for the
management of sinusitis.

While the gastrointestinal absorption of these
agents is inhibited by the coadministration of
foods or supplements with certain multivalent cat-
ions (magnesium, aluminium, iron, = calcium),
they generally lack the safety concerns (ie, photo-
toxicity) observed with some other quinolones.
Achilles tendon rupture (and other tendinopathies)
islikely aclass effect of the fluorogquinolones, and
is a particular concern among patients with renal
dysfunction/failure.*** The use of gemifloxacin in
women for longer than 5 days is associated with
an increased likelihood of rash. The fluoroquino-
lones are currently not approved for use in chil-
dren in the United States.

The predominant concern surrounding fluoro-
guinolone use pertains to the selection of class
resistance in organisms such as gram-negatives
(especially Pseudomonas aeruginosa), staphylo-
cocci, and pneumococci. Recent data evaluating
fluoroguinolones and the propensity to select re-
sistant pathogens, especialy S pneumoniae, sug-
gest that the differences in pharmacodynamics are
related to the frequency of resistance selection.
While the specific pharmacodynamic criteria for
resistance prevention are still to be established, it
appears that the most potent agents are least likely
to promote/select resistance.

Fluoroguinolones are increasingly being used as
empiric therapy for the management of communi-
ty-acquired respiratory tract infections, in part be-
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cause of prevalent resistance to more traditional
agents. As with most antimicrobial agents, devel-
opment of resistance among S pneumoniae strains
to one fluoroquinolone generaly leads to cross-
resistance to al members of the fluoroguinolone
class, and there is evidence that inappropriate use
of pharmacodynamically inferior fluoroguinolones
is linked to the development of resistance and to
clinical failures.**>4° Because of this, fluoro-
quinolones should not be used indiscriminately,
and the most pharmacodynamically potent fluoro-
quinolones should be used to treat the suspected
pathogen. When the decision is made to use a
fluoroguinolone, preference should be given to
agents that are most likely to achieve optimal
PK/PD parameters. The relative in vitro potency
(based on PK/PD parameters) for severa fluoro-
quinolones was moxifloxacin > gatifloxacin >
levofloxacin. Higher doses of levofloxacin (750
mg/day) improve its PK/PD profile.

Macrolides/azalides: Erythromycin, clar-
ithromycin, and azithromycin. The macrolides in-
clude agents such as erythromycin and clarithro-
mycin, whereas azithromycin, an azalide, is a
closely related agent. These agents are active
against gram-positive and some gram-negative
bacteria. Bacterial ribosomes consist of a 50s sub-
unit (comprised of a 23S and a 5S rRNA), a 30s
subunit, and approximately 50 proteins. The
mechanism of action of macrolides/azalides in-
volves inhibition of RNA-dependent protein syn-
thesis by binding to the 50S subunit of the bacte-
rial ribosome—specifically at the polypeptide exit
region. Although they are generally considered to
be bacteriostatic, they are bactericidal against au-
tolytic species such as pneumococci.

Macrolides exhibit better antibacterial activity
in an environment with a neutral to basic pH. This
physicochemical characteristic is due to the fact
that at a low pH macrolides become positively
charged and do not readily cross biologica mem-
branes. This effect is most pronounced for azithro-
mycin because it carries a double-positive charge
at alow pH.

All of the macrolides have good activity against
macrolide susceptible pneumococci. However, the
increasing prevalence of macrolide resistanceto S
pneumoniae is associated with a significant likeli-
hood of clinical failure.**’ Furthermore, resistance
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to macrolides has been correlated with increased
macrolide use,*® and of these agents, azithromycin
use is more likely to select for resistant strains
than clarithromycin use.**®

While clarithromycin and azithromycin have
dightly greater activity against H influenzae than
erythromycin, most of the available eradication
and efficacy studies suggest an activity that is
similar to or marginally higher than that of pla-
cebo. There is some controversy surrounding the
antimicrobial activity of metabolites (14-OH cla-
rithromycin), the intracellular concentrations of
the newer agents, and the effects of pH on MIC
results, none of which impact the foregoing con-
clusions about the activity of these drugs for ex-
tracellular pathogens (ie, S pneumoniae and H
influenzae). Macrolides/azalides are active against
M catarrhalis.

Lincosamides: Clindamycin. Clindamycin,
which is structuraly different from the macro-
lides, also acts by binding the 50S ribosomal sub-
unit of susceptible bacteria thereby suppressing
protein synthesis. Clindamycin has a concentra-
tion-dependent mechanism of antimicrobial activ-
ity,’*° and this agent is used clinicaly for the
treatment of susceptible gram-positive aerobes
and anaerobes as well as many gram-negative
anaerobes. It is not, however, active against H
influenzae and M catarrhalis.

Tetracyclines: Doxycycline. These antibiotics
inhibit bacterial growth via inhibition of RNA-
dependent protein synthesis by reversibly binding
to the 30S ribosomal subunit and prevent binding
of t-RNA. A derivative of tetracycline, doxycy-
cline has adequate activity against penicillin-sus-
ceptible pneumococci. Like other oral non-p—ac-
tams, the likelihood of nonsusceptibility to
doxycycline rises in pneumococcal strains exhib-
iting any degree of penicillin resistance.?® Doxy-
cycline also has activity against M catarrhalis, but
its activity against H influenzae is limited by its
pharmacokinetics. Clinicians should be aware of
the possibility of photosensitivity and infrequent
esophageal caustic burns. Like the other tetracy-
clines, usage in children <8 years of age is con-
traindicated because of the possibility of tooth
enamel discoloration.

Rifamycins: Rifampin. The prototype agent in
this class is rifampin, which is a semisynthetic

Otolaryngology-
Head and Neck Surgery
January 2004

derivative of rifamycin B. Rifampin binds to the
subunit on RNA polymerase, which blocks RNA
transcription (suppresses the initiation of chain
formation), resulting in a bactericidal effect. Ri-
fampin is active against a variety of intracellular
and extracellular microorganisms, including gram-
positive and -negative bacteria, fungi, and para-
sites. Recent surveillance studies™®*>* demon-
strate that rifampin is active against approximately
99%, 96%, and 100% of S pneumoniae, H influ-
enzae, and M catarrhalis isolates, respectively.
While rifampin has been available for decades, the
PK/PD profile of this agent is not known. Despite
its activity against predominant respiratory patho-
gens, rifampin should not be used indiscriminately
as monotherapy or for a prolonged duration be-
cause resistance to this agent develops rapidly.

At usual doses, the antimicrobial effect of ri-
fampinisrelatively specific to microorganisms (ie,
mammalian RNA synthesis is not affected). Ri-
fampin distributes widely throughout the body,
and it is a well-known inducer of several cyto-
chrome p450 isoenzymes and therefore has a high
potential for drug interactions.

Folate inhibitors: Trimethoprim-sulfamethox-
azole. Sulfonamides disrupt bacterial folic acid
synthesis by inhibiting dihydropteroate synthase;
this results in their bacteriostatic activity. TMP is
a pyrimidine analog that inhibits dihydrofolate
reductase. Because sulfonamides and tri-
methoprim block folic acid synthesis at different
sites, they potentiate each other’s antimicrobial
activity producing synergistic activity. High rates
of resistance to these drugs are now present in
pneumococci and H influenzae (~25% to 30%).5°
M catarrhalis is intrinsically resistant to tri-
methoprim. In addition, these agents can cause
skin rash, erythema multiforme, and toxic epider-
mal necrolysis, which can be potentially fatal.

New antibiotics. Ketolides are a new class of
semisynthetic antibiotics closely related to macro-
lides, designed, theoretically, to provide greater
activity against respiratory tract pathogens, partic-
ularly against macrolide-resistant strains of S
pneumoniae.*** The mechanism of action of ke-
tolides is similar to that of macrolides; however,
ketolides have a higher affinity for the target bind-
ing sites on 23S rRNA of the 50S ribosomal
subunit, which is partly responsible for the greater
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in vitro activity against respiratory tract patho-
gens.>#123 K etolides have a concentration-depen-
dent mechanism of antimicrobial killing.*>* The
structural modifications do not induce the ribo-
soma methylase-mediated resistance among
pneumococcal strains with erm determinants that
is common with macrolides and azalides.*>® Fur-
thermore, ketolides may retain activity against
strains in which ribosomal methylase-mediated or
efflux-mediated resistance mechanisms are
present.156’157

Andes et al'?? evaluated the impact of neutro-
phils on the bacteriostatic activity of telithromycin
against S pneumoniae in the murine thigh model
and reported enhanced potency (1.8- to 24-fold
increase) for the ketolides in the presence of neu-
trophils. Tessier et a**® studied 10 pneumococcal
isolates in a murine thigh infection model and
observed that telithromycin AUC/MIC ratios of
approximately 200 correlated with bacteriostatic
activity, whereas ratios of =1000 were needed to
obtain bactericidal activity of the compound in
this model.

Drusano and Preston™® have evaluated the
pharmacodynamic profile of telithromycin 800 mg
once daily in patients with community-acquired
pneumonia. In this clinical study involving in-
fected patients both microbiologic and clinical
outcome were correlated with AUC/MIC ratios.
The authors report that an AUC/MIC ratio of
=3.375 resulted in 91% eradication or presumed
eradication of the infecting pathogen. At the time
of this writing, further research is needed to de-
termine if these AUC/MIC ratios in patients with
community-acquired pneumonia are relevant to
sinusitis. As with the macrolides and azalides,
ketolides have limited activity against H influen-
zae due to an efflux pump.

Oxazolidinones are a new class of antibiotics
with a unigue mechanism of action (protein syn-
thesisinhibition) against gram-positive pathogens.
Linezolid, the prototype agent from this class, is
currently approved for more complicated infec-
tions but the emergence of linezolid-resistant
gram-positive cocci has been reported. Glycylcy-
clines are advanced-generation tetracycline deriv-
atives designed to overcome mechanisms of resis-
tance to this class of antibiotics, and agents from
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this class are still in clinical development (at the
time of this writing).

The Poole Therapeutic Outcome Model

Evidence from controlled clinical trials repre-
sents the optimal basis for recommending antimi-
crobia therapy for ABRS. However, many of the
current clinical trials evauating antimicrobial
therapy have methodologic limitations (eg, diag-
nostic criteria, comparators, endpoints, outcomes
measures) that preclude them from being consid-
ered as evidence. Furthermore, the trends in anti-
microbial resistance have changed dramatically
over the past 10 years, which has affected the
applicability of evidence from older clinical trials.
While a large meta-analysis® recently was con-
ducted to evaluate the role of antimicrobial ther-
apy (in genera, and the role of specific agents/
classes) in ABRS, many of the individual trials
were conducted prior to the widespread resistance
that is currently reported in S pneumoniae and H
influenzae. As a result, the findings from this
meta-analysis may not be applicable to the current
treatment of ABRS.**® The methodology used in
the present guidelines for evaluating antimicrobial
therapy for ABRS does, however, take into ac-
count the current high levels of antibiotic-resistant
organisms. In the absence of current evidence, it
becomes more challenging to identify optimal
therapy for ABRS. Rather than subjectively com-
piling a rank order of antimicrobia agents based
on in vitro activity data and expert consensus, we
utilized a more objective methodology to assess-
ing treatment options. This approach involved the
use of amathematical model—the Pool e therapeu-
tic outcomes model—to predict treatment out-
comes in ABRS.

The therapeutic outcomes model was extrapo-
lated from work originally conducted by Marchant
et a,*®* involving the correlation between in vivo
potency of various antimicrobial agents with clin-
ica outcomes using double-tympanocentesis
methodology in otitis media. In these studies,
Marchant et a observed that nonbacteria factors
can result in discrepancies between bacteriologic
and clinical outcomes. For example, an agent with
a 100% bacteriologic cure rate will not necessarily
have a 100% clinical cure rate because some pa-
tients will continue to experience symptoms re-
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sulting from nonbacterial factors (eg, vira infec-
tion, persistent middle ear effusion). Conversely,
antimicrobial agents with relatively poor bacteri-
ologic cure rates often appear to be more effective
than expected because of the high rate of sponta-
neous resolution of symptoms. As a result, highly
efficacious agents generally have only dlightly bet-
ter impact on clinical outcomes (ie, symptoms)
compared with less-efficacious agents, despite
more dramatic differences in bacteriologic out-
comes.

The therapeutic outcomes model is a tool to
help predict the likelihood of bacteriologic success
with particular antimicrobial agents by accounting
for various factors including: (1) the proportion of
patients with a clinical diagnosis of acute bacterial
rhinosinusitis and a positive sinus aspirate; (2) the
clinical resolution of disease in the culture-nega-
tive patient group; (3) the distribution of patho-
gens frequently encountered in ABRS; (4) the
spontaneous resol ution rate associated each patho-
gen; and (5) the in vitro susceptibility of the pre-
dominant sinusitis pathogens to antimicrobial
agents at PK/PD breakpoints (Figure 13). The
therapeutic outcomes model also can predict over-
all clinical outcomesfor the total patient group (ie,
those with either bacterial or nonbacterial disease).

The first component of the mathematical model
involves the process of accounting for nonbacte-
rial disease. Among patients with nasal/sinus
symptoms (who undergo sinus tap), approximately
35% will have negative bacteria cultures, with
symptoms usually due to a primary viral process.
The majority of these patients will achieve com-
plete resolution of symptoms without antibiotic
therapy. An additional 8% to 14% of patients will
have persistent nasal/sinus symptoms, regardless
of any antibiotic therapy prescribed. These persis-
tent symptoms are likely due to nonbacterial
causes of facial pain, nasal obstruction, or rhinor-
rhea (eg, dlergy, headaches, and anatomic fac-
tors). The next component accounts for the distri-
bution of pathogensin ABRS and the likelihood of
spontaneous resolution associated with each of
these pathogens (based on placebo-controlled tri-
als in acute otitis media). Among bacterial infec-
tions—as mentioned above—the pathogen distri-
bution in adultsis S pneumoniae (33% to 41%), H
influenzae (29% to 35%), and M catarrhalis (4%
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to 8%). Most studies suggest that 10% to 20% of
the bacterial sinus infections are caused by patho-
gens other than S pneumoniae, H influenzae, or M
catarrhalis. For this model, the percentages used
for the pathogen distribution have been modified
to yield a total of 100%. Also, “miscellaneous’
pathogens are omitted from the model in this
guideline revision because (1) the FDA does not
typically consider them to be important pathogens,
(2) adequate susceptibility data against these
pathogens is lacking, and (3) the activity of a
given antimicrobial agent against miscellaneous
pathogens is likely to be close to the average of its
activity against the three usua pathogens. The
overal susceptibility pattern of a given agent is
not substantially affected by the exclusion of these
miscellaneous pathogens.

The pathogen distribution in children is S pneu-
moniae (25% to 30%), H influenzae (15% to
20%), and M catarrhalis (15% to 20%). Modifi-
cations of these values are made in the model to
give atotal of 100%. Spontaneous resolution rates
used in this model were 30% for S pneumoniae,
60% for H influenzae, 80% for M catarrhalis and
50% for other pathogens. Spontaneous resolution
rates will vary depending on duration of clinical
observation, age, and status of mucosal health.

Based on these values, spontaneous resolution
of symptoms would be expected in 47% of adults
with documented bacterial infection (62% of the
total, clinically diagnosed patient group). Among
untreated children, spontaneous resolution of
symptoms would be expected in 50% among those
with bacterial infection (63% of the clinically de-
fined pediatric sinusitis group).

The model also accounts for the effects of an-
timicrobial therapy on achieving clinical outcomes
by using current susceptibility data for each or-
ganism at PK/PD breakpoints, because PK/PD
susceptibility breakpoints for given dosing regi-
mens have been shown to correlate with bacteri-
ologic cure rates.*”*° Resolution rates for the bacte-
rially infected group and the total patient group are
shown in a Marchant plot (Figures 14 and 15). %
These data sets were used because complete MIC
digtributions were available and the proportion of
isolates inhibited at PK/PD breakpoints could be
determined. The outcomes of these calculations are
shown as Marchant plots, showing predicted bacte-
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Pathogen Distribution (adult/children)
- S. pneumoniae (48%/45%)

- H. influenzae (44%/39%)

- M. catarrhalis (8%/15%)

Fig 13. Factors incorporated in the Poole therapeutic outcome model.

riological outcomes in the bacteria infection group
and thetotal patient group. The Marchant plot isonly
ardative rank order for the data used. Other survell-
lance data may, therefore, dter this reative rank
order. The resolution rates are based on in vitro
microbiologic efficacy and do not guarantee clinica
outcome. However, in the absence of other evidence,
the therapeutic outcomes model was used, as it was
regarded as the best method available for objectively
predicting clinical outcomes.

A more detailed description of the therapeutic
outcomes model is provided elsewhere in this sup-
plement. 262

ANTIMICROBIAL TREATMENT
GUIDELINES

These recommendations are based on the ther-
apeutic outcome model described below. Tables 4
and 5 summarize the panel’s antimicrobial treat-
ment guidelines for adults and children, respec-
tively. Multiple factors played a role in the anti-
microbial selection process. Because serious
intracranial and extrasinus complications associ-

ated with ABRS usually arise secondary to S
pneumoniae infection, it is important for initial
therapy to adequately cover S pneumoniae. Gram-
negative coverage for H influenzae and M ca-
tarrhalis (in children) cannot be ignored, however.
A rationa approach to the treatment of ABRS should
consider the aforementioned concerns aong with the
logical application of microbiology and the pharma:
codynamic/pharmacokinetic principles.

The panel’s guidelines for adults and children
with ABRS characterize two groups of patients:
(2) those with mild disease who have not received
antibiotics within the previous 4 to 6 weeks; and
(2) those with mild disease who have received
antibiotics within the prior 4 to 6 weeks and those
with moderate disease (regardiess of recent anti-
biotic exposure).

As mentioned previously, the primary reason
why antimicrobia therapy is recommended for
ABRS istoimprove patient health. The termsmild
and moderate have been integrated into the deci-
sion-making process to reflect the degree of pa-
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Fig 14. “Marchant” plot for antibiotics used to treat adult acute bacterial rhinosinusitis.®?°° (*Respiratory quinolone (ie,
gatifloxacin, levofloxacin, moxifloxacin). TThe activity of telithromycin against S pneumoniae, H influenzae, and M
catarrhalis depends on its PK/PD breakpoints, which is uncertain at this time. The activity of telithromycin is assumed to be
similar to that of macrolides/azalides until further information becomes available.)

tient discomfort (as evidenced by the symptom
complex and the time course of the disease) and
the likelihood of experiencing spontaneous reso-
[ution of those symptoms. In other words, patients
with moderate disease are more likely to require
therapeutic intervention to achieve resolution of
their symptoms, and these patients are less likely
to tolerate treatment failures. The differences in
disease severity do not imply the presence or ab-
sence of antimicrobial resistance. Patients, how-
ever, may not always be neatly categorized based
on this classification. An evaluation of disease
severity requires clinical judgment gained only by
the clinician familiar with the patient. Severe life-
threatening infection with or without complica
tions is not addressed in these guidelines.

Recent antibiotic use is a major risk factor
associated with infection caused by resistant
pathogens.*®3164 Other risk factors include age
<5 years and attendance in day-care centers.
Because recent antimicrobial exposure increases
the risk of carriage and infection due to resistant
organisms, antimicrobial therapy should be
based on the patient’s history of recent antibi-
otic use. The panel’s guidelines stratify patients
according to antibiotic exposure within the pre-
vious 4 to 6 weeks.

Lack of response to therapy at =72 hoursis an
arbitrary timeframe established to define treatment
failures. Clinicians should monitor the patient’s
response to antibiotic therapy, which may include
instructing the patient to call the office or clinic if
there is persistence or worsening of symptoms
over the next few days.

The current recommendations for the duration
of antimicrobial treatment for ABRS is 10 to 14
days, which is based on results of clinical trials
that performed pre- and posttreatment sinus aspi-
rates.*® The new technique of seria sinus sam-
pling*” is designed to better define the optimal
duration of treatment for ABRS.

Allergies to antibiotics (ie, B-lactams) or age
limitations for certain antimicrobials (ie, fluoro-
guinolones) may preclude the use of optimal an-
timicrobials, and clinicians should be aware of the
potential for treatment failure in these situations.

The panel used the therapeutic outcomes model as
atool in developing its antimicrobia recommenda
tions. While the most recent and best data were used
for thismodel, the pandl redlizes that resistance rates
may change over time and may vary from commu-
nity to community. The pand, therefore, will con-
tinue to revise the guideines as resistance rates
change and new antibiotics are introduced.
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100% Efficacy, Ceftriaxone,
Amox-clav HD, Amox-clav

r Amox HD, Amox, Cefpodoxime,
— Cefixime, Cefuroxime, Cefdinir,
TMP/SMX

Clindamycin, Cefprozil, Macrolides,
Telithromycin*
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i { No treatment
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Fig 15. “Marchant” plot for antibiotics used to treat pediairic acute bacterial rhinosinusitis.®?°° (*The activity of telithro-
mycin against S pneumoniae, H influenzae, and M catarrhalis depends on its PK/PD profile, which is uncertain at this time.
The activity of telithromycin is assumed to be similar to that of macrolides/azalides until further information becomes

available.)

Antimicrobial Choices

The following values calculated using the ther-
apeutic outcomes model represent predicted clin-
ical outcome in clinicaly diagnosed sinusitis.
Clinical criteria were used in place of bacterio-
logic criteria (ie, bacteriologic outcome in patients
with bacterial infection) because clinical outcomes
are more consistent with what is encountered in
everyday practice. While predicting bacteriologic
outcomes in patients with bacterial infection may
be ideal, the values obtained using the therapeutic
outcomes model may be inconsistent with clinical
experience. As mentioned previously, antibiotics
should be reserved for patients with bacterial in-
fection, with the primary goal of eradicating the
pathogen from the site of infection. However, the
limitations associated with differentiating bacte-
rial from nonbacterial disease inevitably result in
patients with nonbacterial disease receiving anti-
biotic therapy. Using antibiotics for patients with
nonbacterial disease often dilutes or reduces the
perceived bacteriologic efficacy of the antibiotic.
This often is the case with bacteriologic findings
from clinical trials that have methodologic limita-
tions (eg, inclusion criteria, diagnostic criteria).

According to the therapeutic outcomes model,
antibiotics can be placed into the following rela
tive rank order of predicted clinical efficacy for

adult patients: 90% to 92% = respiratory quino-
lones (gatifloxacin, levofloxacin, moxifloxacin),
ceftriaxone, amoxicillin/clavulanate (4 g/250 mg
per day), and amoxicillin/clavulanate (1.75 g/250
mg per day); 83% to 88% = high-dose amoxicillin
(4 g/day), amoxicillin (1.5 g/day), cefpodoxime
proxetil, cefixime (based on H influenzae and M
catarrhalis coverage only), cefuroxime axetil,
cefdinir, and TMP/SMX; 77% to 81% = doxycy-
cline, clindamycin (based on gram-positive cover-
age only), cefprozil , azithromycin, clarithromy-
cin, erythromycin, and telithromycin; 65% to 66%
= cefaclor and loracarbef. The predicted sponta-
neous resolution rate for clinically diagnosed si-
nusitis in untreated adults with ABRS is 62%.
According to the Poole therapeutic outcomes
model, antibiotics can be placed into the following
relative rank order of predicted clinical efficacy in
children: 91% to 92% = ceftriaxone, high-dose
amoxicillin/clavulanate (90 mg/6.4 mg per kg per
day), and amoxicillin/clavulanate (45 mg/6.4 mg
per kg per day); 82% to 87% = high-dose amoxi-
cillin (90 mg/kg per day), amoxicillin (45 mg/kg
per day), cefpodoxime proxetil, cefixime (based
on H influenzae and M catarrhalis coverage only),
cefuroxime axetil, cefdinir, and TMP/SMX; 78%
to 80% = clindamycin (based on gram-positive
coverage only), cefprozil, azithromycin, clarithro-
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mycin, and erythromycin; 67% to 68% = cefaclor
and loracarbef. The predicted spontaneous resolu-
tion rate in untreated children with ABRS is 63%.

The recommendations for patients who are not
improving or are worsening at =72 hours of treat-
ment are provided based on spectrum of activity of
initial therapy against the major sinusitis patho-
gens. The estimated likelihood of a particular
pathogen being encountered in patient failures
with each type of initial therapy was utilized in
lieu of obtaining a culture to guide “switch” ther-
apy at 72 hours,

The recommendations for selecting antimicro-
bia therapy in the current guidelines are more
focused compared with the previous guidelines.
The decision to recommend fewer antimicrobial
options, particularly for patients with moderate
disease, was based on an evauation of antimicro-
bial efficacy.

Recommendations for adult patients (see
Table 4). Recommendations for initial therapy
for adult patients with mild disease and who have
not received antibictics in the previous 4 to 6
weeks include the following choices: amoxicillin/
clavulanate (1.75 to 4 g/250 mg per day), amoxi-
cillin (1.5 to 4 g/day), cefpodoxime proxetil, ce-
furoxime axetil, or cefdinir. While TMP/SMX,
doxycycline, azithromycin, clarithromycin, eryth-
romycin, or telithromycin may be considered for
patients with B-lactam allergies, bacteriologic fail-
ure rates of 20% to 25% are possible. Failure to
respond to antimicrobial therapy after 72 hours
should prompt either a switch to alternate antimi-
crobia therapy or reevauation of the patient (see
Table 4). When a change in antibiotic therapy is
made, the clinician should consider the limitations
in coverage of the initial agent.

Recommendations for initial therapy for adults
with mild disease who have received antibioticsin
the previous 4 to 6 weeks or adults with moderate
disease include the following choices: respiratory
fluoroquinolone (gatifloxacin, levofloxacin, moxi-
floxacin) or high-dose amoxicillin/clavulanate (4
0/250 mg per day). The widespread use of respi-
ratory fluoroquinolones for patients with milder
disease may promote resistance (especially of gut
organisms) to this class of agents. Ceftriaxone or
combination therapy with adequate gram-positive
and -negative coverage may aso be considered.
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Examples of appropriate regimens of combination
therapy include high-dose amoxicillin or clinda
mycin plus cefixime, or high-dose amaxicillin or
clindamycin plus rifampin. When ceftriaxone is
selected, a dose of 1 g/day IM or IV should be
used for 5 days. This duration of therapy was
arbitrarily extrapolated by the committee based on
data from acute otitis media studies. Rifampin
should not be used as monotherapy, casually, or
for longer than 10 to 14 days, as resistance
emerges rapidly to this agent.

Failure to respond to antimicrobial therapy after
72 hours should prompt either a switch to alternate
antimicrobial therapy or reevaluation of the pa-
tient (see Table 4). When a change in antibiotic
therapy is made, the clinician should consider the
limitationsin coverage of theinitial agent. Patients
who have received effective antibiotic therapy and
continue to be symptomatic need further evalua-
tion. A CT scan, fiberoptic endoscopy, or sinus
aspiration for culture may be necessary.

When amoxicillin (= clavulanate) is selected
for patients at risk for infection with penicillin-
resistant S pneumoniae or DRSP (eg, recent anti-
microbia use, immunodeficiency, frequent expo-
sure to children attending day care, etc.), the high-
dose regimen (ie, 4 g/250 mg) should be used.>?

Recommendations for pediatiric patients
(See Table 5). Recommendationsfor initial ther-
apy for children with mild disease and who have
not received antibiotics in the previous 4 to 6
weeks include the following: high-dose amoxicil-
lin/clavulanate (90 mg/6.4 mg per kg per day),
high-dose amoxicillin (90 mg/kg per day), cefpo-
doxime proxetil, cefuroxime axetil, or cefdinir.
TMP/SMX, azithromycin, clarithromycin, or
erythromycin is recommended if the patient has a
history of immediate Type | hypersensitivity reac-
tion to B-lactams. These antibiotics have limited
effectiveness against the major pathogens of
ABRS and bacterid failure is possible. The clini-
cian should differentiate an immediate hypersen-
sitivity reaction from other less dangerous side
effects. Children with immediate hypersensitivity
reactions to B-lactams may need: desensitization,
sinus cultures, or other ancillary procedures and
studies. Children with other types of reactions and
side effects may tol erate one specific B-lactam, but
not another.
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Table 4. Recommended antibiotic therapy for adults with ABRS

Calculated Calculated
clinical bacteriologic Switch therapy options (no im-
efficacy efficacy provement or worsening after
Initial therapy (%)* (%)* 72 hours)t

Mild diseaset with no recent antimicrobial use (past 4-6 weeks)§

Amoxicillin/clavulanate (1.75-4 g/250 90-91 97-99
mg/d)§|
Amoxicillin (1.5-4 g/d)|| 87-88 91-92 Gatifloxacin, levofloxacin,
moxifloxacin
Cefpodoxime proxetil 87 91 Amoxicillin/clavulanate 4g/250
mg
Cefuroxime axetil 85 87 Ceftriaxone
Cefdinir 83 85 Combination Therapy
B-Lactam allergic#
TMP/SMX 83 84
Doxycycline 81 80 Gatifloxacin, levofloxacin,
moxifloxacin
Azithromycin, clarithromycin, 7 73 Rifampin plus clindamycin
erythromycin
Telithromycin** 77 73
Mild diseasef with recent antimicrobial use (past 4-6 weeks) or moderate diseaset
Gatifloxacin/levofl oxacin/moxifloxacin 92 100
Amoxicillin/clavulanate (4 g/250 mg) 91 99 Reevaluate patientt+
Ceftriaxone 91 99
(Combination therapy){
B-Lactam allergic#
Gatifloxacin, levofloxacin, moxifloxacin 92 100 Reevaluate patienttt
Clindamycin and rifampintt Reevaluate patienttt

*Clinical and bacteria efficacy (ie, clinical and microbiologic adequacy) is represented by the calculation from the Poole Therapeutic outcome
model (see text) using the mean values of two surveillance data sets: the US component of the Alexander project (1998 to 2001) and SENTRY
surveillance data. These values do not guarantee clinical success or failure.

TWhen a change in antibiotic therapy is made, the clinician should consider the limitations in coverage of the initial antibiotic. The respiratory
fluoroquinolones (gatifloxacin, levofloxacin, and moxifloxacin), ceftriaxone, and amoxicillin/clavulanate (4 g/250 mg) currently have the best
coverage for both S pneumoniae and H influenzae. The terms mild and moderate are designed to aid in selecting antibiotic therapy.

FThe difference in severity of disease does not imply the presence or absence of antimicrobial resistance. Rather, this terminology indicates the
relative degree of acceptance of possible therapeutic failure, and the likelihood of achieving spontaneous resolution of symptoms. The
determination of disease severity lies with 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.

8Prior antibiotic therapy within 4 to 6 weeksis arisk factor for infection with resistant organisms. Antibiotic choices should be based on this and
other risk factors.

|The total daily dose of amoxicillin and the amoxicillin component of amoxicillin/clavulanate can vary from 1.5 to 4 g/day. Lower daily doses
(1.5 g/day) are more appropriate in mild disease in patients with no risk factors for infection with a resistant pathogen (including recent antibiotic
use). Higher daily doses (4 g/day) may be advantageous in areas with a high prevalence of penicillin-resistant S pneumoniae or DRSP, for patients
with moderate disease, for patients who may need better H influenzae coverage or for patients with risk factors for infection with a resistant
pathogen. There is a greater potential for treatment failure or resistant pathogens in these patient groups.

fBased on in vitro spectrum of activity; combination therapy using appropriate gram-positive and -negative coverage may be appropriate.
Examples of combination therapy regimens include high-dose amoxicillin (4 g/day) or clindamycin plus cefixime, or high-dose amoxicillin (4
g/day) or clindamycin, plus rifampin. There is no clinical evidence at this time, however, of the safety or efficacy of these combinations.
#Cephal osporins should be considered initially for patients with penicillin intolerance/non-Type | hypersensitivity reactions (eg, rash). TMP/SMX,
doxycycline, macrolides, azalides, and ketolides are not recommended unless the patient is B-lactam alergic. Their effectiveness against the major
pathogens of ABRS is limited, and bacterial failure of 20% to 25% is possible. A respiratory fluoroquinolone (eg, gatifloxacin, levofloxacin,
moxifloxacin) is recommended for patients who have alergies to B-lactams or who have recently failed other regimens.

**Telithromycin is not approved for use by the FDA (at the time of writing).

T1Reevaluation is necessary because the antibiotics recommended for initial therapy provide excellent activity against the predominant ABRS
pathogens, including S pneumoniae and H influenzae. Additional history, physical examination, cultures, and/or CT scan may be indicated, and
the possibility of other less common pathogens considered.

FiRifampin is a well-known inducer of several cytochrome p450 isoenzymes and therefore has a high potential for drug interactions.
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Table 5. Recommended antibiotic therapy for children with ABRS

Calculated
Calculated clin- bacteriologic Switch therapy options (no im-
ical efficacy efficacy provement or worsening after
Initial therapy (%)* (%)* 72 hours)t

Mild diseaset with no recent antimicrobial use (past 4 to 6 weeks)§

Amoxicillin/clavulanate 91-92 97-99 Amoxicillin clavulanate (90 mg/
(90 mg/6.4 mg/kg per 6.4 mg/kg per day)
day)

Amoxicillin|| 86-87 90-92 Ceftriaxone

Cefpodoxime proxetil 87 92 Combination therapy{

Cefuroxime axetil 85 88

Cefdinir 84 86

B-Lactam allergic#
TMP/SMX 83 84 Re-evaluate patient**
Azithromycin, clarithro- 78 76 Combination therapy{

mycin, erythromycin
Mild diseaset with recent antimicrobial use (past 4 to 6 weeks) or moderate diseaset

Amoxicillin/clavulanate 92 99 Reevaluate patient* *
(90 mg/6.4 mg/kg per
day)

Ceftriaxone 91 99

B-Lactam allergic#
TMP/ISMX 83 84 Reevauate patient**
Azithromycin, clarithro- 78 76 Combination therapy{ (clinda-

mycin, erythromycin mycin or TMP/SMX plus ri-

Clindamycintt 79 78 fampin)

*Clinical and bacterial efficacy (ie, clinical and microbiologic adequacy) is represented by the calculation from the Poole therapeutic outcome
model (see text) using the mean values of two surveillance data sets: the US component of the Alexander project (1998 to 2001) and SENTRY
surveillance data. These values do not guarantee clinical success or failure.

TWhen a change in antibiotic therapy is made, the clinician should consider the limitations in coverage of the initia antibiotic. Ceftriaxone and
high-dose amoxicillin/clavulanate currently have the best coverage for both S pneumoniae and H influenzae.

FThe terms mild and moderate are designed to aid in selecting antibiotic therapy. The difference in severity of disease does not imply the presence
or absence of antimicrobial resistance. Rather, this terminology indicates the relative degree of acceptance of possible therapeutic failure, and the
likelihood of achieving spontaneous resolution of symptoms. The determination of disease severity lies with 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.
8Prior antibiotic therapy within 4 to 6 weeksis arisk factor for infection with resistant organisms. Antibiotic choices should be based on this and
other risk factors.

|IThe total daily dose of amoxicillin and the amoxicillin component of amoxicillin/clavulanate can vary from 45 to 90 mg/kg per day. Lower daily
doses (45 mg/kg per day) are more appropriate in mild disease in patients with no risk factors for infection with a resistant pathogen (including
recent antibiotic use). Higher daily doses (90 mg/kg per day) may be advantageous in areas with a high prevalence of penicillin-resistant S
pneumoniae or DRSP, for patients with moderate disease, for patients who may need better H influenzae coverage or for patients with risk factors
for infection with a resistant pathogen. There is a greater potential for treatment failure or resistant pathogens in these patient groups.

fBased on in vitro spectrum of activity, combination therapy using appropriate gram-positive and -negative coverage may be appropriate.
Examples of combination therapy regimens include high-dose amoxicillin (90 mg/kg per day) or clindamycin plus cefixime, or high-dose
amoxicillin (90 mg/kg per day) or clindamycin, plus rifampin. Other combination therapy regimens may be appropriate for patients with 3-lactam
alergy. There is no clinical evidence at this time, however, of the safety or efficacy of these combinations.

#Cephalosporins should be considered for patients with penicillin intolerance/non-Type | hypersensitivity reactions (eg, rash). TMP/SMX,
macrolides, and azalides are not recommended unless the patient is 3-lactam allergic. Their effectiveness against the magjor pathogens of ABRS
is limited, and bacterial failure of 20% to 25% is possible.

**Reevaluation is necessary because the antibiotics recommended for initial therapy provide excellent activity against the predominant ABRS
pathogens, including S pneumoniae and H influenzae. Additional history, physical examination, cultures, and/or CT scan may be indicated, and
the possibility of other less common pathogens considered.

Tt1Excluding B-lactams, clindamycin is the most active oral agent currently available with activity against approximately 90% of S pneumoniae
isolates. It has no activity, however, against H influenzae or M catarrhalis.
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The recommended initial therapy for children
with mild disease who have received antibioticsin
the previous 4 to 6 weeks or children with mod-
erate disease is high-dose amoxicillin/clavulanate
(90mg/6.4 mg per kg per day). Cefdinir, cefpo-
doxime proxetil, or cefuroxime axetil may be con-
sidered for patients with nonserious hypersensitiv-
ity reactions to penicillin. In such instances,
cefdinir is the preferred agent based on patient
acceptance.*®13° TMP/SMX, azithromycin, clar-
ithromycin, or erythromycin are recommended if
the patient is B-lactam allergic (Type | hypersen-
sitivity reaction). Ceftriaxone or combination ther-
apy with adequate gram-positive and -negative
coverage may also be considered. Examples of
appropriate regimens of combination therapy
include high-dose amoxicillin or clindamycin
plus cefixime, or high-dose amoxicillin or clin-
damycin plus rifampin. When ceftriaxone is se-
lected, a dose of 50 mg/kg per day IM or IV
should be used for 5 days. This duration of
therapy was arbitrarily extrapolated by the com-
mittee based on data from acute otitis media
studies. Rifampin should not be used as mono-
therapy, casually, or for longer than 10 to 14
days as resistance emerges rapidly to this agent.
Monotherapy with clindamycin for B-lactam—
alergic patients is appropriate if S pneumoniae
is identified as a pathogen.

Failure to respond to antimicrobial therapy
after 72 hours should prompt either a switch to
alternate antimicrobial therapy or reevaluation
of the patient (see Table 4). When a change in
antibiotic therapy is made, the clinician should
consider the limitations in coverage of theinitial
agent.

When amoxicillin (= clavulanate) is sdlected for
patients at risk for infection with penicillin-resistant
S pneumoniae or DRSP (eg, recent antimicrobia
use, day-care attendance, etc.), the high-dose regi-
men should be used. This recommendation is based
on data from acute otitis media studies.*®>

CONCLUSIONS

These guidelines have been updated to provide
the most recent information on management prin-
ciples, antimicrobial susceptibility patterns, and
therapeutic options. The treatment recommenda-
tions for ABRS in this document are based on a
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mathematical model using pathogen distribution
and spontaneous resol ution data and pharmacody-
namically derived susceptibility values of the ma-
jor ABRS pathogens, from which bacteriologic
outcome can be predicted. The panel hopes these
guidelines will continue to provide a rational ap-
proach to the need for antimicrobia therapy in
bacterial rhinosinusitis, reduction in the use of
antibiotics for nonbacterial infections, and the ap-
propriate use antibiotics when bacterial disease is
likely. These recommendations should help clini-
cians select antimicrobial therapy for patients with
ABRS until more evidence from adequately de-
signed clinical trials becomes available.
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