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Management of Community-Acquired
Respiratory Tract Infections in an Era
of Increasing Antibiotic Resistance

John A. Sbarbaro, MD, MPH, David P. Nicolau, PharmD, and Carl Asche, PhD

ABSTRACT

Community-acquired respiratory tract infections (RTIs) are
prevalent conditions in the U.S. and represent a major burden
in health care. This article provides an overview of empirical
antibiotic treatment options for patients with community-
acquired RTIs, including newer classes of agents, such as the
respiratory fluoroquinolones and the ketolides. We also dis-
cuss the clinical and economic utility of these agents in the
current era of high levels of antibiotic resistance.
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INTRODUCTION

Inthe U.S., community-acquired respiratory tractinfections
(RTIs), including acute bacterial sinusitis (ABS), community-
acquired pneumonia (CAP), and acute exacerbations of
chronic bronchitis (AECB), are prevalent conditions and con-
stitute a substantial socioeconomic burden. Indeed, infections
of the lower respiratory tract (i.e., CAP and AECB) represent
aparticular public health concern because of the morbidity and
mortality associated with these infections.1s

The treatment of outpatient community-acquired RTIs is
usually empirical, because the causative pathogen is rarely
identified before the initiation of antibiotic therapy. Antibiotic
therapies recommended by current treatment guidelines't?®
are therefore aimed ateradicating the key common causative
pathogens, including Streptococcus pneumoniae, Haemophilus
influenzae, and Moraxella catarrhalis. Antibiotic coverage of
atypical organisms, such as Mycoplasma pneumoniae, Chlamy-
dophila (Chlamydia) pneumoniae, and Legionella pneumophila
(which is associated with significant morbidity and mortality),
is also recommended, particularly in CAP and, to a lesser
degree, in AECB.

The developmentand spread of antibiotic resistance among
respiratory pathogens, particularly S. pneumoniae, now repre-
sentakey challenge in the managementof RTIs. For example,
high levels of pneumococcal resistance to macrolide antibiotics
have led to concerns over the continued clinical efficacy of
these agents.7" Although increased concentrations of anti-
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biotics may be able to overcome the effects of such resistance
in vitro, the bioavailability and tolerability characteristics of
current oral therapies generally prevent the use of higher
doses of these agents in the outpatient setting. Furthermore,
the intravenous (1V) route provides a means of administering
high-dose antibiotics to hospitalized patients, but the costs
associated with 1V therapy have resulted in a preference for
moving patients to oral therapy as soon as they are clinically
stable.I' Such factors highlight the need for new oral antibiotics
with activity against key respiratory pathogens, in particular,
strains of S. pneumoniae resistant to currently available agents.

In this article, we review the extent of the resistance prob-
lem in the U.S., assess the clinical and economic implications
of such resistance, and provide an overview of the key
characteristics of antibiotics currently available for the empir-
ical treatment of outpatients with community-acquired RTIs,
including newer classes of agents such as the respiratory
fluorogquinolones and ketolides.

ANTIBIOTIC RESISTANCE
Resistance Trends

Surveillance studies conducted in the U.S. over the last
decade have revealed significantlevels of in vitro resistance to
beta-lactams among all major respiratory pathogens.ii s
Approximately 30% of S. pneumoniae isolates are nonsuscep-
tible to penicillin, and a similar proportion of H. influenzae iso-
lates produce beta-lactamase, which mediates resistance to
ampicillin (Principal, Apothecon), amoxicillin (e.g., Amoxil,
GlaxoSmithKline), and certain cephalosporins.

With S. pneumoniae, resistance to macrolides currently
affects approximately 30%of isolates collected in the U.S.1113HIB
Modification of the drug target site and active efflux of the drug
from the cell are the two main mechanisms of pneumococcal
macrolide resistance. The most common form of target-site
modification results from the presence of the erm (B) gene,
which encodes an enzyme thatmethylates bacterial ribosomal
RNA, whereas macrolide efflux from bacteria is mediated by
the product of the mef(A) gene.

Historically, the mef(A) genotype has been associated with
low-to-moderate levels of macrolide resistance, characterized
by minimum inhibitory concentration (MIC) ranges of 1 to
16 meg/ml); erm (B)-mediated resistance has been associated
with higher-level resistance (MIC ranges of 64 mcg/ml or
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greater). However, results from the PROTEKT US (Prospec-
tive Resistant Organism 7racking and Epidemiology for the
ifctolide 7elithromycin in the US) surveillance study have
demonstrated an increase in macrolide MICs among mef(A)-
positive S. pneumoniae isolates (range, from 1 to more than
256 mcg/ml) 17 These results suggest that me/(A)-positive
pneumococcal strains can no longer necessarily be regarded
as displaying low-level resistance to macrolides.

Data collected over four years of the PROTEKT US study
(from 2000-2001 to 2003-2004) have confirmed thatin the U.S.,
the mef(A)-mediated mechanism of macrolide resistance
predominates among S. pneumoniae clinical isolates.us How-
ever, the prevalence of mef{A) in macrolide-resistant isolates
decreased from ess.s% in 2000-2001 to 62.3% in 2003-2004,
whereas a concomitant increase in the proportions of isolates
positive for both erm(B) and mef(A) occurred (from 9.7% in
2000-2001 to 18.4% in 2003-2004).1

Of note, almost all S. pneumoniae isolates with this dual
mechanism of resistance were shown to be multidrug-
resistant and displayed high-level resistance to a range of
antibiotics, including penicillin, amoxicillin, tetracycline, clinda-
mycin (Cleocin, Pfizer), and trimethoprim-sulfamethoxazole
(Bactrim, Women First).

Factors Contributing to the Development
of Resistance, Carriage, and Spread

The inappropriate use of antibiotics, for example, in treating
viral upper RTls, has been identified as a major contributor to
the development and spread of antibiotic resistance among
respiratory pathogens. Analyses of data from national and
international surveillance studies have indicated a link
between increased macrolide consumption and increased rates
of pneumococcal resistance to this class of antibiotics.i» 1

The use of broad-spectrum drugs (i.e., agents with activity
extending beyond the common respiratory pathogens) may
also increase the risk of resistance in nonrespiratory gram-
negative bacteria, such as normal gastrointestinal flora. For
example, the increased use of the fluoroquinolones has been
associated with the emergence of resistance among gram-
negative bacilli in the gastrointestinal flora, including clini-
cally important pathogens such as Pseudomonas aeruginosa,
Enterobacter agglomerans, and Escherichia colua:a

Differences in the pharmacokinetic and pharmacodynamic
properties of antibiotics may also influence the development of
resistance in bacterial pathogens. Antibiotics, such as the
macrolides, with abacteriostatic mode of activity, have agreater
potential to select for resistance than agents with bactericidal
activity, such as penicillins, fluoroquinolones, and ketolides.a~®
The half-life of a drug can also contribute to the selection of
resistance: agents with long elimination half-lives result in pro-
longed exposure of bacteria to sub-inhibitory concentrations of
the drug, compared with agents with shorter half-lives.

A study conducted by Kastner and Guggenbichler in 2001®
compared the promotion of resistance in the oral flora of chil-
dren treated with one of two macrolide antibiotics (azithro-
mycin and clarithromycin), with half-lives of 60 to 70 hours and
three to seven hours, respectively. Six weeks after treatment
only 33% of the patients receiving clarithromycin (e.g., Biaxin,
Abbott) had macrolide-resistant isolates, compared with 87%

of the patients receiving azithromycin (Zithromax, Pfizer).

Adequate drug concentrations at the site of infection are also
important to prevent the development of resistant strains.*
Azithromycin achieves low concentrations inlung epithelium-
lining fluid, compared with other macrolides..z This not only
limits its clinical utility in terms of current macrolide resistance
rates; italso has important implications for the further selec-
tion of resistance.

Various patient-related risk factors are also associated with
an increased risk of carriage and spread of antibiotic-resistant
bacterial strains. Patients identified as being particularly at risk
include theyoung (younger than five years of age), the elderly
(older than 65 years of age), those with coexisting illness or
underlying disease, and patients with immunodeficiency or
human immunodeficiency virus (HIV) infection. Clonal dis-
semination of drug-resistant strains of bacteria may occur in
children attending day care centers or in family members ofa
child attending day care. Among adults, rates of carriage of
drug-resistant strains are highest among those who are insti-
tutionalized in hospitals, jails, and nursing homes.®

Prior antibiotic use (i.e., within the three months preceding
treatment) has been identified as an important predictor of
infection with drug-resistant bacterial strains. A Canadian
analysis of data from 3,339 patients with invasive pneumo-
coccal infections® demonstrated that the single most important
risk factor for resistance to beta-lactams, macrolides, fluoro-
quinolones, or trimethoprim-sulfamethoxazole was the pre-
vious use of an agentfrom the same class. Of note, in addition
to being a major risk factor for infection with macrolide-resist-
antS. pneumoniae, prior azithromycin therapy was also associ-
ated with an increased risk of infection with strains resistant
to penicillin or trimethoprim-sulfamethoxazole. The results
also demonstrated that infection with fluoroquinolone-resist-
ant pneumococci was associated with residing in a nursing
home and in acquiring pneumococcal infection in a hospital.®

Clinical and Economic Effects of Resistance

The clinical impact of in vitro antibiotic resistance has been
difficult to assess, given that most community-acquired RTIs
are treated in the outpatient setting, inwhich microbiological
data are rarely collected before treatment is begun. The most
compelling evidence to date surrounds the possible associa-
tion between macrolide resistance and adverse clinical out-
comes. Reviews of the published literature™3' have described
a number of cases of empirical macrolide treatment failure
(resulting in hospitalization of patients with breakthrough
bacteremia) thatwere associated with infection by macrolide-
resistant strains of S. pneumoniae.

Rzeszutek et also reviewed cases of macrolide treatment
failure published between 1990 and 2002. Of the 33 cases
listed, 31 involved patientswho had received macrolides as out-
patients and who had required hospitalization as a result of
therapy failure. The other two cases involved previously
healthy hospitalized patients who did not respond to intra-
venous (IV) macrolide therapy and who subsequently died
after their clinical condition deteriorated. In both of these
cases, macrolide-resistant S. pneumoniae were isolated from
blood cultures taken during macrolide therapy.

Further evidence supporting a link between macrolide
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resistance and adverse clinical outcomes emerged from case-
control studies of hospitalized patients with breakthrough
bacteremia. Two such studies showed that treatment failure
occurred more frequently in patients infected with amacrolide-
resistant S. pneumoniae strain than in those infected with a
macrolide-susceptible strain.sis2 Although the clearest evi-
dence of an association between macrolide treatment failure
and macrolide resistance has come from studies of patients
hospitalized with breakthrough bacteremia, the true incidence
of macrolide treatment failure is probably much higher than
that suggested by the case reports and observational studies
published to date. Again, this is a result of the lack of micro-
biological testing in the outpatient setting. Itis in this setting
where most patients receiving macrolides are treated.

Most evidence to date applies to the clinical use of macro-
lides; however, failure of empirical treatmentwith levofloxacin
attributable to fluoroquinolone resistance has also been
reported in patients with pneumococcal RTIs,ss and infection
with penicillin-resistant S. pneumoniae has been reported to
lead to an increased risk of suppurative complications.s:

Clinical treatment failures contribute to substantial health
care expenditure associated with RTIs. Direct costs of treat-
ment failure include those associated with additional prescrip-
tions, extratests and procedures, and hospitalizations; indirect
costs may be incurred by patients experiencing increased dis-
ability and loss of productivity.zss

Klepser and colleagues assessed the economic impact of
infection with penicillin-nonsusceptible strains of S. pneumo-
niae in a study of hospitalized patients.ss The results from this
analysis indicated that infection with a nonsusceptible isolate
was associated with significantly higher costs (total, $10,309;
room, $3,771; and nursing, $3,859) than infection with a sus-
ceptible isolate (total, $7,802; room, $2,829; and nursing,
$2,886).

ANTIBIOTIC TREATMENT OPTIONS

The association between antibiotic use, increasing rates of
resistance, and clinical treatment failure underlines the impor-
tance of optimizing antibiotic use in patients with community-

acquired RTIs. Table 1 summarizes the key attributes to con-
sider in selecting an antibiotic for empirical treatment; these
include (1) the spectrum of activity, (=) the potential of the anti-
biotic to induce and select for resistance, (3) the tolerability and
convenience ofthe regimen, and (4) the antibiotic’'s impact on
health outcomes.

Treatment Guidelines and Recommendations

Selecting the initial antibiotic therapy is generally considered
central to achieving bacterial eradication and clinical success
in patients with community-acquired RTIs. Treatment guide-
lines have been developed by a number of North American
professional organizations aimed at promoting the use of
appropriate antibiotic therapyi-r-s7ss while minimizing the
development and spread of resistance.

A number of guidelines recommend that patients be classi-
fied on the basis of the severity of disease and the presence or
absence of risk factors for infection with drug-resistant bacteria
prior to the selection of initial antibiotic therapy. Historically,
guidelines have focused primarily on providing coverage
against the key common respiratory tract pathogens: S. pneu-
moniae, H. influenzae, and M. catarrhalis. In the primary care
setting, where causative pathogens are rarely identified before
treatment, beta-lactams or macrolides are typically recom-
mended as initial empirical therapy for AECB and ABS.siss
Macrolides, unlike the beta-lactams, also cover atypical
pathogens, including C. pneumoniae, M. pneumoniae, and
L. pneumophila, and are therefore preferred for the empirical
treatment of CAP.1-15.37

More recently, the prevalence of in vitro resistance to beta-
lactam and macrolide antibiotics, in addition to concerns about
the clinical and economic impact of treatment failure associated
with such resistance, has led to the development of alternative
oral antibiotics for community-acquired RTIs, including the
fluoroquinolones and ketolides.

Second- and third-generation fluoroquinolones, such as
levofloxacin (Levaquin, Ortho-McNeil), gatifloxacin (Tequin,
Bristol-Myers Squibb), moxifloxacin (Avelox, Bayer), and gemi-
floxacin mesylate (Factive, GeneSoft),provide coverage against

Table | Ideal Characteristics of an Antibiotic Agent for the Treatment of Acute Community-Acquired

Respiratory Tract Infections

Parameter Ideal Property

Antibacterial spectrum Coverage against:

« Key common respiratory pathogens

o

Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis

« Penicillin-resistant and macrolide-resistant strains of Streptococcus pneumoniae
« Atypical or intracellular pathogens

o

Minimal impact on:

Mycoplasma pneumoniae, Chlamydophila (Chlamydia) pneumoniae, Legionella pneumophila

« Gram-negative nonrespiratory bacterial flora and pathogens

Tolerability and convenience * Available as a short course of oral therapy

* Acceptable tolerability profile

Health outcome « Favorable impact on additional utilization of health care resources
» Reduction in overall costs of care
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all typical and atypical respiratory pathogens, and they display
good tissue penetration, particularly in the respiratory tract3
Inclinical trials, these agents have been as effective as standard
comparator antibiotics (including beta-lactams and macrolides)
for patients with community-acquired RTIs. im3

However, because these agents also display in vitro activity
againstgram-negative bacteria, there is concern that their use
may resultin the development of resistance in important non-
respiratory bacterial flora and pathogens, aconcept known as
“collateral damage.” Indeed, reports have documented
increased rates of fluoroquinolone resistance among gram-
negative pathogens (including E. coli, Enterobacter spp.,
Pseudomonas spp., and Klebsiella spp.) linked to the increased
prescription of these agents for a range of infections.zs»1s
Moreover, this is of increasing concern in the community-
acquired RTI patient population, because it is clear that over
the past several years, the use of both the macrolides and
beta-lactams has declined in patients with CAP, whereas the
use of fluoroquinolones continues to escalate.:s Given this
potential for collateral damage, RTI treatmentguidelines gen-
erally recommend that the fluoroquinolones be reserved for
specific patient groups, including those who have not
responded to treatment with other antibiotics and patients
with severe disease or multiple risk factors for comorbidity.

Another option for outpatient treatment of community-
acquired RTIs is the ketolide antibiotic telithromycin (Ketek,
Aventis),which the U.S. Food and Drug Administration (FDA)
approved in 2004 for clinical use in treating outpatients
(18 years of age or older) with ABS, AECB, and CAP of mild-
to-moderate severity.

Telithromycin provides a tailored spectrum of activity
against key common and atypical pathogens. Unlike the fluoro-
quinolones and beta-lactams, however, it displays minimal
activity against gram-negative nonrespiratory pathogens and
commensal bacteria.1 Furthermore, in vitro data indicate that
this agenthas alow potential to selectfor resistance among res-
piratory pathogens.is11 These in vitro characteristics, com-
bined with its high penetration into bronchopulmonary sites
of infectionsos: and an efficacy profile equivalent to that of stan-
dard comparator agents (including macrolides, beta-lactams,
and fluoroquinolones) in patients with community-acquired
RTls,s2 suggest that telithromycin will become a useful thera-
peutic option. One study of patients with CAP found that
telithromycin achieved significantly superior rates of clinical
cure than rates achieved with other usual-care antibiotics
(including beta-lactams, macrolides, and fluoroquinolones) s3

Tolerability and Convenience

Patients’ nonadherence to antibiotic regimens, resulting in
subtherapeutic drug concentrations in target tissues, leads to
an increased risk of treatmentfailure and may increase selec-
tion pressure for the development of antibiotic resistance
among respiratory pathogens. Adherence to therapy is influ-
enced by several factors, including drug tolerability and the
convenience of the dosing regimen.

Differing tolerability profiles, both between and within anti-
biotic classes, may affect adherence to therapy, and clinicians
should therefore consider this fact when selecting empirical
antibiotic therapy. Compliance seems to be greatestwith con-

venient, once-daily regimens of short duration.s: As a result,
most of the newer-generation oral antibiotics introduced for the
treatment of community-acquired RTIs have short, once-daily
or twice-daily dosing regimens. For example, azithromycin
and telithromycin offer once-daily dosing, but amoxicillin and
anioxicillin-clavulanate (Augmentin, GlaxoSmithKline) must
be administered twice and three times daily, respectively.

Health Outcomes

Until recently, mostclinical studiesfocused primarily on the
clinical and bacteriological efficacy of antibiotics in the treat-
ment of RTIs; they were not designed to capture specific
differences in outcomes between agents (e.g., speed of recov-
ery or time to symptom resolution, utilization of health care
resources, and quality-of-life measures). However, studies of
the newer classes of antibiotic agents, including the fluoro-
quinolones and the ketolides, have begun to address these
issues, particularly in patients with infections of the lower
respiratory tract (CAP and AECB).

Acute Exacerbations of Chronic Bronchitis

In a study of patients with AECB, Wilson and colleaguesss
showed that significantly fewer patients receiving the fluoro-
quinolone moxifloxacin (9.5%) required additional antibiotic
treatment, compared with patients who received clarith-
romycin (15.1%). Inaddition, the time to the next exacerbation
was longer with moxifloxacin (median, 131 days) than with
clarithromycin (median, 103.5 days).

Similar results were also noted in a study comparing gemi-
floxacin and clarithromycin for AECB. Significantly more
patients who had received gemifloxacin remained recurrence-
free 26 weeks after treatment (71%) than those who were
treated with clarithromycin (58.5%).%

A trial designed to compare the efficacy and tolerability of
telithromycin and clarithromycin in patients with AECB has
also documented patients’ utilization of health care resources,
including the following:s

« The proportion of patients making unscheduled AECB-
related visits to the emergency departmentwas lower for
those taking telithromycin (0 %) than clarithromycin (2 s %).

= Fewer telithromycin-treated patients were hospitalized
because of AECB (0.4%vs. 1.4%, respectively).

= Fewer telithromycin patients reported days lost from
work (23%vs. 31%, respectively).s

It is estimated that these differences in health care resource
utilization contributed to a direct cost savings of approximately
$146 per patient

In another study.ss telithromycin therapy resulted in fewer
hospitalizations and days spent in hospital than treatmentwith
anioxicillin-clavulanate (when the dose was 500/125 mg three
times daily for 10 days).

Community-Acquired Pneumonia

As in AECB, relatively few studies investigating the effi-
cacy of oral antibiotic therapies for patients with mild-to-
moderate CAP treated on an outpatient basis have included
measures of health care resource utilization.

Vol. 31 No.2 « February 2006 ® P&T® 109



Respiratory Tract Infections and Antibiotic Resistance

Among the fluoroquinolones, outcome differences between
moxifloxacin and a standard oral therapy selected by the inves-
tigator (amoxicillin and clarithromycin, either alone or incom-
bination) were assessed as part of astudy conducted by Torres
et al.5*Analyses of data, including the use of additional anti-
biotics, hospitalizations, work status, and quality of life, indi-
cated no significant differences between the two treatment
arms. In contrast, an economic evaluation based on the use of
resources concluded that levofloxacin was less costly than
cefuroxime axetil (C-eftin, GlaxoSmithKline) for outpatients
with CAP; levofloxacin was associated with atotal cost savings
of $169 per patient.®

CAP-associatcd data on health care resource utilization
were collected in two studies involving patients receiving
telithromycin or clarithromycin. Given that hospitalization is
recognized as the major cost component in the treatment of
patients with CAP,> data from these two studies were pooled
to allow further analysis of differences in hospital-associated
costs between the treatmentgroups” Although the two treat-
ments showed equivalent clinical efficacy, telithromycin (for
five, seven, or 10 days) was associated with significantly fewer
CAP-related hospitalizations (1.2 vs. 3.6 per 100 patients,
respectively) and CAP-related days spent in hospital (s.s vs.
33.8 days per 100 patients, respectively), resulting in an esti-
mated cost savings of $302 per patient.

In summary, these investigations suggest that some of the
newer antibiotic treatment options, including the fluoro-
quinolones and telithromycin, may offer significant health
care and economic benefits in patients with community-
acquired RTIs.

CONCLUSION

Although antibiotic resistance represents a major challenge
in the management of community-acquired RTIs and affects
both clinical and economic outcomes, the appropriate use of
antibiotics is considered essential to addressing this problem.
Health care providers are now advised to consider several fac-
tors when they prescribe oral antibiotic therapy, including:

the use of an agent with a tailored spectrum of activity.
correct dosing and duration of treatment.

local antibiotic resistance patterns.

patient risk factors for infection with resistant pathogens,
especially when patients have previously used antibiotics.

These considerations, which are aimed at minimizing both the
risk of treatment failure and the development of future resist-
ance, may also reduce patients’ utilization of health care
resources and costs associated with the treatment of com-
munity-acquired RTIs.
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