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Abstract

This article provides clinicians with a
review of the antimicrobial treatment
options for pediatric and adult respira-
tory tract diseases. A discussion of the
microbiological epidemiology of com-
mon respiratory tract infections and is-
sues relating to their treatment is
provided. This information should pro-
vide a guideline that will enable clini-
cians to select the most cost-effective
and efficacious therapy to treat a variety
of respiratory tract diseases.
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ith advances in diagnostic test-

ing and the development of

new antimicrobial agents for
the treatment of pediatric and adult res-
piratory tract disease (otitis media, si-
nusitis, acute exacerbation of chronic
bronchitis [AECB], and community-ac-
quired pneumonia [CAP]), the selection
of appropriate antimicrobial treatment
has become more confusing than ever.
An understanding of the microbiological
epidemiology of common respiratory
tract infections and issues related to re-
sistance will enable clinicians to develop
pathways and clinical guidelines that
should promote appropriate use of anti-
microbials.

Community-acquired pneumonia
and AECB continue to contribute sig-
nificantly to morbidity and mortality in
the United States. In 1993 more than 4
million people were diagnosed with
pneumonia, nearly one fourth of whom
required hospitalization." Specifically,
patients aged 65 years and older with
CAP accounted for more than 50% of all
cases. Clearly, the elderly are at the
greatest risk of mortality from pneumo-
nia.

The costs attributable to CAP and
AECB are astronomical, with direct
costs of $1.5 billion and indirect costs of
$5.5 billion in 1990 US dollars.

To develop pathways of appropriate
use, primary care clinicians must con-
sider:

e Their choice of appropriate, em-

piric, first-line therapy

e The emerging patterns of bacterial

resistance and how they affect the
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selection of antimicrobials in spe- Acute Exacerbation of Chronic Bronchi-
cific patient subsets zs. 'The American Thoracic Society
e Issues related to patient noncompli- (ATS) defines chronic bronchitis as a
ance, side-effect profiles, and drug- condition characterized by cough and
drug interactions the production of sputum for 3 consecu-
¢ Development of tools to determine tive months in 2 consecutive years.’ Not
which patients require hospitaliza- all patients fit this definition, and there

tion and which can be discharged
and the appropriate switch therapies
to prevent rehospitalization.

Etiology: The Microbiological

Spectrum of Respiratory Disease Table 1. Microbiological Pathogens in Community-Acquired

) i X Pneumonia
Community-Acquired Pneumonia. CAP
18 <.ief1n.ed as pneumonia thaF 1S not ac; Prevalence (%) Prevalence (%)
quired 1n a hospital or nursing home. Microbiologic Cause N. American Studies  British Thoracic Society
Streptococcus preuwmoniae is the single Bacterial 20-60 60-75
most frequent cause of CAP, accounting Streptococcus pneumoniae
for 30% to 70% of the incidence of the Haemophilus influenzae 3-10 4-5
disease, depending on geographic loca- Staphylococcus aur elus 35 1-5
tion, age, and immunologic status.’ Over Gram-negative bacilli 310 Rare
. [ Miscellaneous 3-5 —
time, agents such as Haemophilus influen-
zae, Moraxella catarrhalis, and Staphylo- Atypical Agents 10-20 -
coccus pyogenes have seldom occurred, but Legionella ' 2-8 25
recently they have been seen with in- Mycoplasma pneumoniae -6 >-18
. . 3 Chlamydia pneumoniae 4-6 —
creasing frequency (Table 1). Viruses 915 816
T.h-e avg1lab1hty of more powerful and Aspiration 6-10 _
specific diagnostic tests often has made

it possible to identify atypical agents as Source: Bartlett JG. IDCP guidelines: Lower respiratory tract infections. Infect Dis
the cause of CAP. Among those identi- Clin Pract 1996;5:147-167. See reference 3.

fied, Mycoplasma preumoniae, Chlamydia
puenmoniae, and Legionella sp appear most
frequently. In a variety of studies,™ S
pnenmoniae has been identified as the
single most common microbiological
pathogen, followed by M. preumoniae
and Legionella sp.

Table 2. Causes of Acute Exacerbation of Chronic Bronchitis

. ‘ . . Viral Influenza vi
A review of the literature discloses a ' enea VIS
iki h in th od R . Rhinovirus

striking change in the predominate mi- Parainfluenza virus
crobiological epidemiology of CAP, Coronavirus
based on age and underlying disease, Common Bacteria S. pneumoniae
with patients aged 65 years and younger H. influenzae (nontypable)
clearly having S. preumoniae, M. pneumo- M. catarrhalis
nige, and viral etiologies,”® whereas in Uncommon Bacteria M. pneumoniae
patients aged 65 years and older S. preu- ¢ pneumoniae

. . . B. pertussis
moniae, M. pnewmoniae, C. pneumoniae, .
Levionell Hi f/ Stanimi ‘ P. aeruginosa

cgrone qsp, i ”g”za'e’ _dp y10C0CCs Noninfectious—Environmental Factors Allergies

aureus, mixed flora (aspiration related), Asthma
and gram-negative bacillary pneumonia Air pollutants
predominate. Creation of subsets of pa- Toxic industrial gases
tient groups on the basis of age-related Cigarette smoke
mI_CIObIOIOglcal ep1de§n olog1c features Source: Chodosh S Treatment of acute exacerbations of chronic bronchitis: State
drives treatment algorithms. of the art. Am | Med 1991;91(suppl 6A):875-92S
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is widespread disagreement among cli-
nicians over whom to treat for AECB,
with many clinicians classifying their pa-
tients in various ways.

In 1987, Anthonisen and associates’
reported on a double-blind, placebo-
controlled trial in which they looked at
placebo versus antimicrobial therapy in
the treatment of AECB. They con-
cluded that antimicrobial treatment was
beneficial for so-called “type I” exacer-
bation patients, who had increased dysp-
nea, sputum volume, and sputum
purulence. When all three signs and
symptoms that usually comprise AECB
were present, antimicrobial therapy had
a better end result than placebo.”

Acute exacerbation of chronic bron-
chitis has been attributed to infectious
and noninfectious causes (Table 2). Vi-
1al infections account for 20% to 30% of
AECB.*" Viral etiologies include influ-
enza, rhinovirus, parainfluenza, and
coronavirus.'*'* Bacterial exacerbation
is believed to account for 10% to 50% of
AECB.® The bactetia most often iso-
lated include S preumoniae; H. influen-
zae, which cannot be typed; and AL
catarrhalis.*"™* Tess common bacterial
etiologies include M. pneumoniae, C.
pueumoniae, Bordetella pertussis,”® and
Pseudomonas aeruginosa.

Table 3. Prevalence of B-Lactamase-Mediated Ampicillin
Resistance Among Clinical Isolates of H. influenzae in
North America: 1983-1995

No of No. of
Country Years Isolates Centers % Resistant
USA 1983-1984 3356 22 15%
Canada 1985-1988 2503 14 17%
USA 1986 2811 30 20%
USA 1987-1988 564 15 17%
Canada 1991 702 8 25%
Canada 1992-1993 1688 23 28%
USA 1992-1993 800 19 30%
USA 1993 5750 28 32%

Source: Doern GV Trends in antimicrobial susceptibility of bacterial pathogens of
the respiratory tract. Am | Med 1995;99(suppl 6B):3S-7S

Noninfectious environmental factors
can also trigger exacerbations of chronic
bronchitis.'™"” Such factors include air
pollutants, toxic industrial agents, carb-
on monoxide, and cigarette smoke. Con-
comitant conditions, including asthma,
malignancies, coronary artery disease,
and obesity, can contribute to an acute
exacerbation.”

Emerging Patterns of Bacterial
Resistance

Without question, the development
of resistance in S. prewmoniae, H. influen-
zae, and M. catarihalis represents one of
the greatest challenges to the manage-
ment of infectious respiratory disease
that faces clinicians today.

From 1983 to 1993, 3-lactamase—me-
diated resistance to ampicillin rose
steadily among H. influenzae isolates
(Table 3)."*" The percentage of B-lac-
tamase—producing strains of H. nfluen-
zae doubled from 15% in 1983 to 32% in
1993." Concomitant resistance of B-
lactamase-producing strains of H. influ-
enzae to other penicillins and
cephalosporins has not only been dem-
onstrated but arguably drove the phar-
maceutical industry of the 1980s to
develop advanced-generation cephalo-
sporins as well as other agents."” '

In a 1992 survey of 19 US medical
centers, 30% of H. influenzae isolates
were B-lactamase positive. Of the agents
tested, cefaclor, loracarbef, and cefprozil
appeared to be less active, whereas
amoxicillin-clavulanate, cefuroxime
axetil, cefixime, and ciprofloxacin re-
tained good activity.

A retrospective examination of the
occurrence of B-lactamase—producing H.
influenzae and the impact of this particu-
lar microorganism on the treatment of
respiratory tract disease in adults and
children led to the critical conclusion
that the solution to this seemingly prob-
lematic microorganism was not the de-
velopment of advanced-generation
cephalosporins, B-lactamase inhibitor-
associated penicillins, or fluoroqui-
nolones but rather was related to the
widespread use of an extremely effica-
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cious H. influenza B vaccine over the past
decade.”***

Streptococeal prewmoniae is a primary
pathogen associated with lower respira-
tory tract infections. It is rapidly and
increasingly becoming resistant to peni-
cillin and other antibiotics. The relative
susceptibility of 8. preumoniae is classi-
fied as being susceptible, intermediate,
or high-level resistant.

Susceptibility is defined as having a
S. prenmoniae isolate with a minimum
inhibitory concentration 90 (MICoqq)
against penicillin of less than 0.06
ug/mL. Intermediate resistance is de-
fined as having a 8. prewmoniae isolate
with a MICgp against penicillin of be-
tween 0.1 and 1.0 pg/mL. High-level
resistance is defined as having a S, preu-
moniae isolate with a MICgp against
penicillin of greater than 2.0 ug/mlL..
During the 1980s, S. preumoniae demon-
strated a low level of penicillin resis-
tance (3% to 7%). By contrast, in 1991 its
overall resistance was measured at
17.2%.” Increasing resistance has been
demonstrated (Figure .2

In 1992-1993, penicillin resistance
was seen in 22% of S. preumoniae strains
(with 15% intermediate resistance and
7% high resistance).” By 1994-1995,
23.6% of 8. pneumoniae strains were
found to have some degree of penicillin
resistance (14.1% with intermediate re-
sistance and 9.5% with high resis-
tzlnce).25

The clinical relevance of penicillin
resistance has still to be established. At

present, failures to penicillin therapy
have been reported in patients with
demonstrated penicillin-resistant §
preumonige-related meningitis. S. preu-
monige is also demonstrating resistance
to other antibiotics, including cefo-
taxime (3%), ceftriaxone (5%), ce-
furoxime (12%), chloramphenicol (4%),
trimethoprim-sulfamethoxazole (18%),
and the macrolides azithromycin,
clarithromycin, and erythromycin (10%
combined).zS

Figure 1. Penicillin Resistance to S. pneumoniae in the
United States
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Sources: Doern GV. Trends in antimicrobial susceptibility of bacterial pathogens of
the respiratory tract. Am | Med 1995;99(suppl 6B):3S-75. jones RN, et al SENTRY
study, 1997. See reference 18.

Table 4. [n Vitro Activity of Selected Cephalosporins by MICgg

Organism Cephalexin Cefaclor Loracarbet Ceftibuten Cefixime Cefuroxime
S. pnuemoniae 2 0.5 0.5 8 4 <0.06

S. pyogenes 2 0.5 05 2 05 <0 06

S aureus 4 4 4 >32 >32 4

H. influenzae 8 8 4 0.06-2 0.5 0.5

M catarrhalis 4 1 2 0.25-4 06 0.5

Source: Kucers A, Bennett Mck. N The Use of Antibiotics: A Comprehensive Review with Clinical Emphasis. 5th ed. Philadelphia: JB Lippincott;

1997
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Resistance rates to oral advanced-
generation cephalosporins are often a
significant surprise to primary care clini-
cians. Dagan and associates found
marked resistance to cefaclor and to a
lesser extent cefuroxime in children
with drug-resistant S. prenmoniae-re-
lated acute otitis media.”’

It is becoming increasingly clear that
orally administered advanced-genera-
tion cephalosporins, including agents
considered to be gold standards for the
treatment of S. preumoniae, are not the
oral equivalent of the parenterally ad-
ministered third-generation cephalo-
sporin counterparts such as ceftriaxone
and cefotaxime (Table 4) 5%

The recent increase in the use of ad-
vanced-generation macrolides (az-
ithromycin and clarithromycin) has
drawn attention to an increase in
macrolide resistance in S. preumoniae.
Resistance rates of S. pueumoniae vary by
geographic region and antimicrobial
class, as well as by the method used to
measure resistance (Table 5). A study
conducted in Atlanta, Georgia, found S.
prewmonige resistance rates of 9% for
cefotaxime, 15% for erythromycin, 26%
for trimethoprim-sulfamethoxazole,
and 25% for multiple agents in 431 hos-
pitalized patients.”

The methodology used in perform-
ing susceptibility testing can have an
overwhelming impact on predicting

Table 5. In Vitro Susceptibilities of Erythromycin, Azithromycin,

and Clarithromycin

Erythromycin Azithromycin Clarithromycin
Organism MiCqgo MICgg MICg0
S pneumoniae 0.015-1 0.12-2 0.015-0.06
S pyogenes 0034 0124 00122
M. catarrhalis 0.25-2 0.03-0.5 0 06-0.12
H influenzae 2-32 0.25-4 0.4-2
M. pneumoniae 0.004-0.02 0.01-0.12 0.004-0.05

Source: Kucers A, Bennett Mck. N The Use of Antibiotics: A Comprehensive Review
with Clinical Emphasis. 5th ed Philadelphia: JB Lippincott; 1997

sensitivity, resistance patterns, and
drive utilization. Determining the
MICyp levels by the micro-broth dilu-
tion technique or by “E testing” can be
very procedure sensitive and intensive.
Clinicians who are neither microbiolo-
gists nor infectious disease-trained spe-
cialists may be unaware of the
complexity of performing these tech-
niques. Conducting micro-broth dilu-
tion or E testing in various oxygen-rich
Or PoOr environments can overestimate
macrolide resistance two- to threefold.”

Considerable controversy also sur-
rounds assigning breakpoint standards
recommended by the National Com-
mittee on Clinical Laboratory Standards
and how these standards actually affect
the use of different antimicrobials in
clinical practice.

Susceptibility testing of macrolide
1esistance requires a significant degree
of laboratory and technical sophistica-
tion, as well as strict adherence to a
reproducible technique thatis notavail-
able in most laboratories and certainly
not to most clinicians. A careful review
of testing performed under strict tech-
nical controls with a high degree of re-
producibility discloses that macrolide
resistance in S, prenmoniae is between
10% and 12%."**" The exact clinical
impact of this finding has still to be
demonstrated, because the vast major-
ity of clinicians have not seen and prob-
ably will not see demonstrated
treatment failures as a result of proven
macrolide resistance in respiratory tract-
related infections secondary to S. preu-
moniae.”

An examination of macrolides as a
class also reveals that resistance to them
in 8. puenmoniae is class specific. How-
ever, it is becoming increasingly clear
that some macrolides are more likely
than others to lead to class-specific re-
sistance in S. preumoniae.

The Finnish Study Group for Anti-
microbial Resistance demonstrated the
results of limiting the type and use of
macrolides on the occurrence of resis-
tance in group A streptococci in Fin-
land.® A closer examination of this
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study reveals a study population and an-
tibiotic dynamics that are similar to
those in the United States. Overuse of
specific macrolide antibiotics clearly
drives streptococcal resistance.

Leach and colleagues studied the ef-
fects of single-dose azichromycin, which
was used to treat childhood trachoma in
aboriginal children in Australia, on the
carriage and resistance of S. prewmoniae.
The proportion of carriage-positive az-
ithromycin-resistant S. préumoniae
strtains was 1.9% per single-dose az-
ithromycin therapy, rising to a maxi-
mum of 54.5% and persisting for as long
as 6 months after a single dose of az-
ithromyein.* High rates of nasopharyn-
geal carriage of azithromycin-resistant S
prensnoniae can have a potentially devas-
tating effect on the efficacy of this im-
portant class of antimicrobials.

Guggenbichler and colleagues have
reported on the effects of macrolides on
respiratory flora (Figure 2).% Children
treated with macrolide antibiotics for
respiratory tract infections were fol-
lowed linearly for the development of
macrolide-resistant S. prenmoniae iso-
lated by the nasopharyngeal swab tech-
nique. When comparing children who
were treated with erythromycin,
clarithromyecin, and azithromyecin, those
who were treated with azithromycin
were 10-fold more likely to develop
macrolide-resistant S. preumoniae naso-
pharyngeal colonization.

Over the past 3 years, there has been
an exponential increase in the use of
azithromycin for the treatment of mild
to moderate respiratory tract infections
in the United States. The implications
for the development of nasopharyngeal
colonization with macrolide-resistant .
puneumoniae, which has been demon-
strated to persist for months in ambula-
tory, otherwise healthy patients,
represents a significant threat to the en-
tire macrolide class. The overuse of az-

‘ithromyein is likely to be driving
macrolide resistance in S. prewmoniae on

eration fluoroquinolones (ciprofloxacin
and ofloxacin) is problematic and mar-

ginal at best. With the introduction of

fluoroquinolenes into the antimicrobial
marketplace, second-generation fluoro-
quinolone-related S. preumoniae resis-
tance developed more quickly than
anticipated, largely on the basis of an
amino acid substitution (phenylalanine
or tryptophan) at the serinegp position of
the topoisomerase IVA subunit of the
DNA gyrase (GrlA). Point mutation-re-
lated resistance in the newer fourth-
generation fluoroquinolones, including
sparfloxacin, grepafloxacin, and
trovafloxacin, occurs in the same man-
ner as in the second-generation fluoro-
quinolones, albeit at a low frequency
and in a two-step process. The antibac-
terial activity of grepafloxacin is gener-
ally similar to that of spartloxacin and
levofloxacin.**

Grepafloxacin is more active in vitro
against pneumococci than ciprofloxacin,
including strains of pneumococci that
are highly resistant to penicillin.**
Grepafloxacin, levofloxacin, sparflox-
acin, and trovofloxacin are also highly
active against other respiratory patho-

Figure 2. Influence of Macrolides on Oral Flora

#of Pt’s
with
Resistant
Isolates

Post Tx Days

Azithromycin

Clarithromycin

Erythromycin

O Erythromycin
B Clarithromycein
@ Azithromycin

a class basis.
Antimicrobial coverage of § preuno- Spurce: Guggenbichler JP. IpﬂL{ence of'Macro.Iides on Oral Flora. Presented at the
.. g First World Congress of Pediatric Infectious Diseases, December 1996, Acapulco,
siae in CAP and AECB with second-gen- Mexico
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gens, including H. influenzae, M. carar-
rhalis, Legionella pnenmophilia, C. preumo-
nige, and M. prewmonige. In the case of
grepafloxacin, and especially tovoflox-

Figure 3. Emerging Patterns of Bacterial Resistance:

The Microbiological Spectrum of Respiratory Disease:
Community-Acquired Pneumonia Among Patients Younger than
Age 65 Years with No Comorbid Disease

M.

pneumo
259, Other 10%

~.

Strep
pneumo
65%

Source: Bartlett JG. IDCP guidelines: Lower respiratory tract infections Infect Dis
Clin Pract 1996;5:147-167

Figure 4. Emerging Patterns of Bacterial Resistance:

The Microbiological Spectrum of Respiratory Disease:
Community-Acquired Pneumonia Among Patients Older than
Age 65 Years With or Without Comorbid Disease

Gram neg
S. aLLreus Aspiration i
H.influenzae 4% 4% 5%

6%

Misc.
Viruses 5%,

9%

S.
pneumoniae

Atypical
typicals 44%

24%

Source: Bartlett JG, Mundy LM. Community-acquired pneumonia N Engl | Med
1995;333:1618-1624

acin, additional anaerobic coverage is
noted, B47-54

In numerous clinical trials, grepaflox-
acin, sparfloxacin, levofloxacin, and tro-
vofloxacin were as effective but not
superior to cefuroxime axetil 250 mg
twice a day, ofloxacin 200 mg twice a
day, amoxicillin 500 mg three times a
day, ciprofloxacin 500 mg twice a day,

amoxicillin/clavulanate 500/125 mg

three times a day, or erythromycin 1 g
twice a day.”>* Grepafloxacin, spar-
tloxacin, and levofloxacin appear to be
effective for once-daily treatment of
CAP and AECB. Whether their superior
in vitro activity against penicillin-resis-
tant pneumococci offers any clinical ad-
vantage over older fluoroquinolones or
advanced-generation macrolides re-
mains to be determined.”

Trovofloxacin has the best in vitro
activity against common respiratory
pathogens of any of the available fourth-
generation fluoroquinolones, including
anaerobes, but to date almost no clinical
studies have been published. Trovoflox-
acin offers the possibility of single-agent
coverage of a wide range of infections.

There continues to be concern about
superinfection and overuse in inappro-
priate patient subsets, as well as the sig-
nificant threat of the emergence of
fluoroquinolone-resistant microorgan-
isms. Like their second-generation
fluoroquinolone counterparts, discretion
and limitung the use of tovofloxacin, as
well as all fourth-generation fluoroqui-
nolones, to the treatment of mixed infec-
tions in which anaerobes may be
involved is advised.”

Treatment of CAP and AECB

Empiric Therapy. Empiric treatment
guidelines were formulated for patients
with CAP, based on patient age, disease
severity, microbiological epidemiology,
patient subsetting, and the absence/
presence of comorbid conditions by the
ATS in 1993 and by the Infectious Dis-
ease Society of America (ISDA) in 1998
(Figures 3-5).°1%

For patients younger than age 60
years who have no comorbid conditions
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and do not require hospitalization, both
the ATS and the IDSA guidelines advo-
cate the use of a macrolide (especially
azithromycin or clarithromycin, where
H. influenzae ov S. pnewmoniae is sus-
pected) or tetracycline in those who can-
not tolerate macrolides.””

The more recent IDSA guidelines
advocate the use of anadvanced-genera-
tion fluoroquinolone (sparfloxacin, gre-

pafloxacin, or trovafloxacin) instead of

tetracycline for patients who are intoler-
ant of macrolide therapy. Considering
the advanced-generation fluoroqui-
nolones, patients who take sparfloxacin
have demonstrated considerable prob-
lems with photodermatitis (8% to 10%)
that persisted for 1 or more weeks after
therapy and occurred as a result of expo-
sure to indirect sunlight, as well as a
shortening of the QT interval that re-
sulted in numerous
reports of torsades

tiomer of ofloxacin, bears special scru-
tiny. At the recommended dosage of 500
mg/day, levofloxacin has little more L-
ofloxacin than the ofloxacin racemic
mixture at 400 mg twice a day. Whether
this product is actually an advanced-
generation fluoroquinolone and offers
any real advantage over ofloxacin re-
mains to be demonstrated by wide-
spread, randomized, blinded clinical
trials.”

With trovofloxacin, at 200 mg/day,
the most common side effects are
euphoria, dizziness, and memory loss.*”
Resistance to fluoroquinolones, like
their macrolide counterparts, is prob-
ably class specific. Cautious use of the
advanced-generation fluoroquinolones
is emphasized, because of the problems
of bacterial overgrowth and resistance
that developed so quickly in the second-

de pointes, limiting
the drug’s overall
‘ 60,6466
usefulness.
Patients who
take grepafloxacin
have been reported

Figure 5. 1993 ATS Recommendations for Treatment of Patient Subsets with CAP

to have significant
problems with taste

Antibiotic

perversion and nau-
sea, necessitating
treatment with-
drawal (as many as
25% at a 600-
mg/day dosage).
Grepafloxacin treat-
ment (especially at
the 600-mg/day
dosage) has been as-
sociated with diar-
rhea, dizziness,
headache, tendoni-
tis, and spontane-
ous tendon rupture,
all of which have
significantly limited
grepafloxacin’s
widespread clinical
s, 1951536061

Levofloxacin,

the pure L-enan-

without significant
comorbidity

Patient Subset Recommendation Comments
Outpatient <60 years of age Macrolide Advanced-generation macrolides,

Erythromycin
Clarithromycin or
Azithromycin or
Tetracycline

especially for patients at risk of

H. influenzae (smokers) or those
who are intolerant of erythromycin.
Use tetracyclines for those who are
intolerant or allergic to macrolides

Outpatients >60 years of age
without comorbid disease

Second-generation
cephalosporins or TMP-SMX
or beta-lactam/beta-lactamase
inhibitor with or without
macrolide therapy

Macrolide therapy indicated for
suspected legionellosis

Hospitalized patients with CAP

Second- or third-generation
cephalosporin or beta-lactam/
beta-lactamase inhibitor with
or without macrolide therapy

Macrolide therapy for patients with
suspected legionellosis; rifampin
may be added for documented
legionellosis

Patients with severe CAP
(excluding suspected/
documented HiV-related
pneumonia)

Macrolide plus third-generation
cephalosporin with pseudo-
monal activity or other anti-
pseudomonal agent like
imipenem/cilastin or ciprofloxa-
cin with an aminoglycoside

Add aminoglycoside for the first
several days of therapy

Source: Ametican Thoracic Society. Guidelines for the initial management of adults with community-acquired
pneumonia: Diagnosis, assessment of severity, and initial antimicrobial therapy. Am Rev Respir Dis 1993;148:

1418-1426
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generation products, ciprofloxacin and

. 666 . ‘
ofloxacin.”” The continued use of

ciprofloxacin and ofloxacin in low-dose
short course regimens for lower urinary
tract infections is a matter of concern.
Rapid development of Streptococcus viri-
dans and Streptococcus epidermicus 1€sis-

Figure 6. Current Recommendations for the Empiric Therapy of
Outpatient Community-Acquired Pneumonia

Macrolide Therapy
Clarithromycin, Azithromycin, or Erythromycin
or
Fluoroquinolone Therapy
Grepafloxacin, Sparfloxacin, or Trovafloxacin
or
Doxycycline
or
For patients older than 60 years of age and/or with significant

) comorbid disease
Amoxicillin-clavulanate
or
Second-generation cephalosporin
(cefuroxime axetil, cefprozil, cefpodoxime)

Source: Consensus statement: Therapeutic recommendations for community-ac-
quired pneumonia and acute exacerbations of chronic bronchitis. Hosp Med 1997;
33(suppl):26-27

Figure 7. Current Recommendations for Hospitalized Immuno-
competent Adults with Community-Acquired Pneumonia

Second- or third-generation cephalosporin*
(parenteral ceftriaxone or cefotaxime)
plus
Macrolidet
(azithromycin or clarithromycin)
or
Fluoroquinolone*
(grepafloxacin, levofloxacin, or trovafloxacin)

*Consider the addition of vancomycin if DRSP is suspected

fAvoid parenteral erythromycin because of poor tolerability Rifampin may be added
for documented legionellosis

*Consider the addition of clindamycin for suspected aspiration pneumonia for
patients treated with grepafloxacin or levofloxacin but not trovafloxacin

Source: Consensus statement: Therapeutic recommendations for community-ac-
quired pneumonia and acute exacerbations of chronic bronchitis. Hosp Med 1997;
33(suppl):26-27

tance during and after treatment has
been observed in patients who are
treated with these regimens.

The original ATS guidelines for pa-
tients older than age 60 years who have
no comorbidity or only modest comor-
bidity but who could be treated as out-
patients called for this patient
population be treated with a second-
generation cephalosporin (cefuroxime
axetil or amoxicillin/clavulanate) with
the addition of a macrolide if legionella
was suspected.” 057072

The frequency of atypical microor-
ganisms as the cause of pneumonia in
this patient subset (>20%) suggests that
advanced-generation macrolides (az-
ithromycin/clarithromycin) can be con-
sidered as first-line agents for these
patients, with advanced-generation
fluoroquinolones (sparfloxacin, grepa-
floxacin, and trovofloxacin) serving as
alternatives for patients with more exten-
sive comorbid disease, who may appear
clinically sicker or who are intolerant of
macrolide therapy (Figures 6 and 7).’

For patients with pneumonia who
have nonproductive coughs, empiric
therapy is usually initiated. The promise
of the polymerase chain reaction (PCR)
technique to identify the specific micro-
organism and potentially the antibioto-
gram of the microorganism based on
gene amplification technology has yet to
be realized and is not widely available.
There is good reason to be enthusiastic
about the promise of PCR technology
and the clinical impact it will have on
pathogen identification and antimicro-
bial product selection.

At present, patients with productive
coughs from whom sputum is available
can be treated with pathogen-directed
therapy. Patients in whom 8. prewmoniae
has been identified as the cause of CAP
should be treated with microorganism-
specific therapy.*®’® However, the clini-
cian must establish whether the patient
is at risk for multidrug-resistant S. prex-
moniae and 1if so Institute appropriate
therapy.

Patients at the greatest risk include
children younger than age 36 months,

5580 THE AMERICAN JOURNAL OF MANAGED CARE

OCTOBER 1998



-+ COST-EFFECTIVE GUIDELINES FOR ANTIMICROBIAL THERAPY IN RESPIRATORY TRACT INFECTIONS -

Figure 8. Antimicrobial Agents for CAP Caused by Microbial Pathogens

Pathogen

Drug of Choice

S. pneumoniae

H. influenzae

S. aureus

M catarrhalis

Penicillin

Second-/third-generation
cephalosporin
TMP/SMX

Nafcillin/oxacillin &
aminoglycoside

Second- or third-generation
cephalosporin

Alternative Drugs

Comments

Cephalosporins
Macrolides
Vancomycin

Fluoroguinolone
Doxycycline

Cephalosporins
Vancomycin (MRSA)

Advanced-generation
macrolide

DRSP increasing — use third-
generation cephalosporins,
vancomycin. Avoid azithromycin

in instances of suspected bacteremia.

B-lactamase production >30% of
strains

MRSA rare in CAP

fB-lactamase-producing strains and
ampicillin resistance >90% of strains

C pneumoniae Doxycycline

Erythromycin

Legionella sp Erythromycin

Ciprofloxacin

M. pneumoniae Doxycycline

Erythromycin

Anaerobes—mixed flora Clindamycin

Gram-negative bacilli
cephalosporin

Second- or third-generation

Fluoroquinolone

Clarithromycin
Fluoroguinolones

Clarithromycin
Levofloxacin
Trovafloxacin

Clarithromycin
Fluoroquinolones
High-dose PCN
Metronidazole

Carbapenem
Trovafloxacin

Fluoroguinolone

Source: King DE, Pippin H}. Community-acquired pneumonia in adults: Initial antibiotic therapy. Am Fam Physician 1997;56:544-550

patients who are immunocompromised,
patients who are chronically taking anti-
biotics, institutionalized patients, or pa-
tients who have recently been
hospitalized. Currently, such patients
should be empirically ueated with a
third-generation cephalosporin (cefo-
taxime or ceftriaxone), clindamycin, or
vancomycin (Figure 8). Because of the
significant threat of vancomycin resis-
tance, this product should be reserved
for patients who are the most clinically
ill or for those with demonstrated multi-
drug-resistant S. puesmoniae.
Although advanced-generation
fluoroquinolones (sparfloxacin, gre-
pafloxacin, and trovafloxacin) have
demonstrated superior in vitro activity

against penicillin-resistant §. prewmo-
niae, whether these products offer any
clinical advantage over older fluoroqui-
nolones or other types of drugs for the
management of patients with pneumo-
nia secondary to drug-resistant S. pueu-
monige (DRSP) remains to be
determined (Figures 9 and 10).

Until further studies are completed,
patients with DRSP-related pneumonia
would best be treated with third-genera-
tion cephalosporins (cefotaxime or
ceftriaxone), clindamycin, or vancomy-
cin. Patients at intermediate or low risk
can be treated with penicillin or am-
picillin. Alternatives include first- or
second-generation cephalosporins,
macrolides (azithromyein, clarithromy-
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cin, or erythromycin), or advanced-gen-
eration fluoroquinolones (sparfloxacin,
grepafloxacin, or trovafloxacin).
Preferred agents for treating patients
with CAP secondary to H. influenzae ot
M. catarrhalis include a second- or third-
generation cephalosporin (cefuroxime,
" cefotaxime, or ceftriaxone), trimetho-
prim-sulfamethoxazole, doxycycline,
advanced-generation maciolides (az-

Figure 9. Comparative In Vitro Activity of Selected Fluoro-

quinolones by MICgg

Microorganism

Levofloxacin Sparfloxacin Ciprofloxacin

Streptococcus pneumoniae 1 0.5 2
Staphylococcus aureus 05 01 1
Haemophilus influenzae 025 0 06 0.06
Klebsiella pneumoniae 025 025 0.12
Legionella pneumophilia 0125 006 0.06
Mycoplasma pneumoniae Q0.5 0.125 2
Chlamydia pneumoniae 0.5 NA NA

Source: Formulary 1997;32:926-943

ithromycin or clarithromycin), a B-lac-
tam/B-lactamase inhibitor (ampicillin/
sulbactam, ticarcillin/clavulanate, piper-
acillin/tazobactam, amoxicillin/clavula-
nate), or a fluoroquinolone. For.S. aureus,
patients should be treated with naf-
cillinfoxacillin, with or without rifampin,
or gentamicin if the isolate is methicillin-
sensitive. Alternative methicillin-sensi-
tive S. gureys treatment regimens
include cefazolin, cefuroxime, and
trimethoprim-sulfamethoxazole.
Methicillin-resistant 8. awreus infections
should be treated with vancomycin with/
without rifampin/gentamicin, until full
antibiotogram information is available
(Figure 8).

For the atypical pathogen Legionella
sp, the preferred agents are macrolides
(clarithromycin or azithromycin) or
fluoroquinolones (ciprofloxacin, grepa-
floxacin, levofloxacin, ofloxacin, spar-
floxacin, or trovafloxacin), with or
without rifampin. For the treatment of
M. preumoniae and C. pnewmoniae, doxy-
cycline or macrolide therapy is preferred;
a second-generation fluoroquinolone

Figure 10. New Fluoroquinolones in Acute Exacerbation of Chronic Bronchitis: US Multicenter Clinical Experience

Overall Most Common
Duration Clinical Response Bacteriological Drug-Related Drug-Related
Drugs and Dosage (Mean Days) (No.) Response Adverse Events Adverse Events
Levofloxacin PO 6.6 92% (154) 94% (103) 7% (187) Nausea
500 mg qd (187) 21%
Cefaclor PO 87 92% (155) 87% (89) 4 9% Diarrhea
250 mg tid (186) 2 2%
Levofloxacin PO 7 95% (222) 96% (134) 9.9% Vaginitis
500 mg qd (248) 4%
Cefuroxime axetil PO 10 93% (229) 93% (147) 7.9% Diarrhea
250 mg bid (244) 3%
Sparfloxacin PO 400 mg 10 85.4% (in 35 2% Photosensitivity
loading dose then 200 mg bacteriologically 8.1%
qd (395) evaluable patients)
Ofloxacin PO 10 88 8% (in 40.4% Insomnia
400 mg bid (403) bacteriologically 14 9%

evaluable patients)

Source: File TM Jr New therapeutic options for community-acquired pneumonia and acute exacerbations of chronic bronchitis. Hosp Med

1997:33(suppl):18-23.
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(ciprofloxacin or ofloxacin) may be sub-
stituted. Additional information on the
activity of the advanced-generation
fluoroquinolones against C. prenmoniae-
and M. preumoniae-related CAP is re-
quired before these products should be
routinely recommended,>®7>7%7%%

Acute Exacerbation of Chronic Bronchi-
5. The continued debate regarding the
benefit of antibiotics in the treatment of
AECB seems for now to be on the side
of treating with antibiotics. Initially, re-
ports dating from the 1970s failed to
prove a significant short- or long-term
benefit from the routine use of antibiot-
ics; however, the results of subsequent
studies have been conflicting.””™ A
study of patients with AECB and
chronic obstructive pulmonary disease
(COPD) that looked at the results of
antibiotics versus placebo found symp-
tom resolution in 68% of the antibiotic-
treated patients as opposed to 55% of
patients tieated with placebo.’

In a meta-analysis of nine studies in-
volving several hundred patients, there
was a slight advantage for the patients
treated with antibiotics.”® Some patients
clearly demonstrated a benefit from an-
tibiotic treatment, but it was difficult to
differentiate them from the entire popu-
lation of patients with AECB.

At present, it is recommended that
patients with AECB be treated with an-
tibiotics. A variety of agents are cur-
rently recommended for the routine
treatment of AECB (Figure 11). In gen-
eral, the microbiologic epidemiology of
disease includes S. pueumoniae, H. influ-
enzae, and M. catarrhals; viruses (influ-
enza virus, rhinovirus, parainfluenza
virus, and coronavirus); and less com-
monly C. pueumoniae, M. pnenmoniae, B.
pertussis, and Psexndomonas aeruginosa.

Initial antimicrobial therapy includes
ampicillin; doxycycline; B-lactam/-lac-
tamase inhibitors (amoxicillin/clavula-
nate, ampicillin/sulbactam, ticarcillin/
clavulanate, or piperacillin/tazobactam);
second- and third-generation cephalo-
sporins (cefuroxime axetil, cefpo-
doxime, cefprozil, cefotaxime, or
ceftriaxone); advanced-generation

macrolides (azithromycin or clarithro-
mycin); second- and fourth-generation
fluoroquinolones (ciprofloxacin, ofloxa-
cin, levofloxacin, sparfloxacin, grepa-
floxacin, or trovafloxacin); or
trimethoprim-sulfamethoxazole.”

Use of the PCR technique on pa-
tients with AECB has drawn increased
attention to the frequency of atypicals as
the cause of AECB. For coverage of C
prenmoniae, Legionella sp, ov C. prewmo-
niae, one of the advanced-generation
macrolides (clarithromycin) or fluoro-
quinolones (ofloxacin, levofloxacin,
grepafloxacin, sparfloxacin, or trovaflox-
acin) should be considered, because
these drugs offer expanded coverage of
both typical and atypical pathogens.

Respiratory Infection Management Sys-
tem (RIMS). Development of standards
of care for the management of respira-
tory tract infections is desirable for many
reasons, among them the overall preva-
lence of such infections and the total
cost of care. Overuse of antibiotics has
not led to improved care; to the contrary,
it has resulted in an increased incidence
of resistance, especially inS. preumoniae.
Emerging standards of care seem to fo-
cus on appropriate antibiotic selection,
patient characteristics, and the role of
adjunctive therapy. At present, there is
little concrete information on current
provider (primary care physician or spe-

Figure 11. Antibiotic Choices for the Treatment of Acute
Exacerbation of Chronic Bronchitis

Amoxicillin

Amoxicillin/clavulanate

Azithromycin, clarithromycin

Trimethoprim-sulfamethoxazole

Doxycycline

Second- or third-generation cephalosporins (cefprozil, cefpodoxime,
cefuroxime axetil)

Fluoroquinolone (ofloxacin, ciprofloxacin, levofloxacin, sparfloxacin,

grepafloxacin, trovafloxacin)

Source: Gotfried MH Diagnosis and management of acute exacerbations of chronic
bronchitis. Hosp Med 1997;33(suppl):2-4
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cialist) practice patterns, leaving both
patients and physicians confused about
who really benefits from care.

The National Disease Therapeutic
Index shows that respiratory tract infec-
tions are the single most common reason
for visiting a physician in the United
States.” Gonzales and colleagues clearly
demonstrated that the use of antibiotics
in respiratory tract infections was perva-
sive and potentially inappropriate.*” In-
appropriate antibiotic use was closely
linked to female gender and rural loca-
tion and was not associated with age,
geographic location, physician specialty,
or payer source.*

The Respiratory Management Sys-
tem was developed to determine antibi-
otic usage patterns in bronchitis and
sinusitis to quantify the difference in the
total cost of care and use based on the
choice (or lack of choice) of antibiotics
and to determine whether the increased
cost of total care based on antibiotic
choice correlated with comorbidity or se-
verity of illness.”

Average Cost/Episode

Figure 12. Major Cost Components of Bronchitis

Average cost/episode for episodes containing Second Line Antibiotics

$2500

$2000

$1500

$1000

$500

$0

$2,385

[] Professional
Rx

Drug A DrugB

Drug C Drug D

Source: Ober NS Respiratory infection management system. ICMASK IV 1998;278:

901-904.

The RIMS 1 investigation looked at
a 280,000-member independent prac-
tice association (IPA) model health plan
for a 1-year period. Patients aged 18
years or older who were continuously
enrolled in the IPA for a 1-year period
and were seen for one or more office
visits for bronchitis or sinusitis were ana-
lyzed with respect to treatment (no anti-
biotic or first- or second-line antibiotic
therapy).

Each patient was assigned a comor-
bidity score and a severity score. Diag-
nostic groupings were made, using the
American Health Care Peer Review
Clinical Classifications for Health Policy
and Research system. Outcome meas-
ures included length of episode, cost of
care, and number of services.

Sinusitis and bronchitis were ex-
tremely prevalent in the RIMS 1 study.
Ina 1-year period in the 280,000-patient
study population, 26,617 patients
(33,218 treatment episodes) with AECB
and 19,006 patients (22,688 treatment
episodes) with sinusitis were seen. Anti-
biotic use was also prevalent, with 78%
of sinusitis patients and 64% of AECB
patients receiving antibiotics.

The cost of care of respiratory tract
infections (RTTs) was expensive and
could be broken down into three factors:
85% of the total cost of RTI was for
medical care (nonprofessional services,
ie, emergency department costs, imag-
ing center costs, surgicenter costs, hos-
pital costs; ancillary services; laboratory
costs; the cost of X rays, injections, vac-
cinations, and procedures; and the cost
of professional services). Eight percent
of the total outlay for care went to treat-
ment costs related to the cost of antibi-
otic therapy, and 7% went for the cost of
nonantibiotic therapy.

The total per member per month
(PMPM) cost to treat sinusitis was $3.06.
Patients with more than one treatment
episode represented 52% of the
$10,294,000 total cost to treat sinusitis in
a 280,000-member IPA over the course
of 1 year. The total PMPM cost to treat
bronchitis was $5.44. Patients with more
than one treatment episode represented
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53% of the $18,312,000 total cost to treat
AECB in a 280,000-member IPA over
the course of 1 year.

The average cost of care for second-
line antibiotics to treat a single course of
bronchitis varied widely (Figure 12).
The statistical significance of comorbid-
ity and severity scores did not vary. Spe-
cific antibiotics (azithromycin and
cefuroxime) were consistently associ-
ated with a higher cost of care per epi-
sode of sinusitis and bronchitis (a
tinding that was reproducible in other
RIMS studies at different geographic
locations and in different types of prac-
tice models).

Of the second-line antibiotics evalu-
ated to treat sinusitis and AECB,
amoxicillin/clavulante, azithromycin,
clarithromycin, and cefuroxime axetil
had very similar endpoints (clinical re-
sponse rates), whereas the costs were
very different.

Profiles of patients treated with az-
ithromycin (compared with those
treated with clarithromycin) and ce-
furoxime axetil (compared with those
treated with amoxicillin/clavulanate) re-
veal that the azithromycin- and ce-
turoxime-treated groups were far more
test and procedure intensive without
any apparent benefit, as reflected by
clinical improvement or response to
therapy, but they had a markedly higher
overall total cost of care.

In a randomized, prospective trial of
macrolides (erythromycin, azithromy-
cin, and clarithromycin), Weiss found a
38% patient dropout rate in patients
treated with erythromycin (compared
with 8% in the azithromycin and
clarithromyecin treatment groups). Clini-
cal success rates were very similar in the
azithromycin and clarithromycin treat-
ment groups (80% vs 85%, P < 0.005),
with 40% of the azithromycin treatment
group requesting and receiving an anti-
biotic prescription refill to achieve a
positive clinical response to therapy.*

The RIMS study demonstrates that
the total cost of care for the antimicrobial
treatment of sinusitis and bronchitis is
affected by the test and procedure in-

tensity associated with specific antibiot-
ics without having an impact on the
overall clinical response to therapy. Spe-
cific tools can be used and formulary
decisions made accordingly to have an
effect on the cost of patient care without
negatively influencing patient out-
comes.

Conclusion

Community-acquired pneumonia
and AECB represent significant threats
to the health of the US population. The
incidence of CAP in the United States
reached nearly 5 million cases in 1993,
with almost 24% of these patients re-
quiring hospitalization. In 1991, the cost
of treating these patients exceeded $5
billion, and associated costs exceeded
$7 billion. Chronic bronchitis affects
nearly 25% of the US adult population,
with many these patients being at risk
for acute exacerbations.

Respiratory tract infections represent
the single most frequent reason for vis-
iting a healthcare provider. Patient
management involves correct diagnosis
and careful consideration of empiric- or
pathogen-directed antimicrobial ther-
apy. Appropriate patient selection for
treatment, the emergence of antimicro-
bial resistance, the side effects of ther-
apy, compliance issues, and the cost of
therapy are major issues facing clinicians
in the development of clinical guide-
lines and pathways to help manage pa-
tients with respiratory tract infections.

Streptococcus pnemmoniae remains the
single most important pathogen in CAP
and AECB, accounting for more than
70% of all cases. The increasing resis-
tance of S. preumoniae to penicillin and
other drugs is causing clinicians to re-
evaluate traditional antimicrobial ther-
apy, because antimicrobial selection
must also take into account the signifi-
cant role of atypical microorganisms
such as € preumoniae, Legionella sp, and
M. puewmoniae. Diagnosis of CAP and
AECB usually is clinical and
roentgenographic, and at present the se-
lection of antimicrobials is most fre-
quently empiric. The role of the PCR
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technique on sputum in developing a
more widespread and reliable applica-
tion to permit pathogen-directed ther-
apy remains a4 promise that has not yet
been realized.

The choice of empiric therapy de-
pends on the clinical skill of the physi-
cian, taking into consideration coverage
and an understanding of the local sur-
veillance data, as well as resistance pat-
terns and a knowledge of the patient’s
underlying condition, severity of illness,
recent hospitalization, residence in an
extended care facility, and recent antibi-
otic use.

Patients with CAP who do not require
hospitalization and have a nonproduc-
tive cough may begin empitic therapy
with a macrolide (clarithromycin or
erythromycin) or doxycycline. Excep-
tons include those with comorbid dis-
ease (underlying COPD, diabetes
mellitus, congestive heart failure,
chronic liver disease, malignancy, sub-
stance abuse, hospitalization for CAP
within the past year, age older than 60
years, chronic renal failure, and malnu-
trition).

Such patients are at increased risk of
H. influenzae and M. catarrhalis and
should be treated with a second-genera-
tion cephalosporin (cefuroxime axetil),
amoxicillin clavulanate, clarichromycin,
or an advanced-generation fluoroqui-
nolone (sparfloxacin, grepafloxacin, or
trovafloxacin). If possible, an etiologic
diagnosis should be made and pathogen-
directed antibiotic therapy should be in-
stituted.

Patients who are at increased risk of
mixed flora pneufnonia (aspiration
pneumonia) because of altered levels of
consciousness; CNS-related bulbar
palsy and swallowing reflex abnormali-
ties; head- and neck-related carcinoma;
achalasia; residence in an extended-care
facility; or colonization of the oropharynx
with enteric gram-negative microorgan-
isms related to recent hospitalization
should be treated with an advanced-gen-
eration fluoroquinolone (trovafloxacin).

Patients with CAP who require hospi-
talization but are immunocompetent

should be treated with a second-genera-
tion cephalosporin (cefuroxime) or a
third-generation cephalosporin (cefo-
taxime or ceftriaxone), as well as a
macrolide (erythromycin, clarithromy-
cin, or azithromycin). Patients who are at
an increased risk of drug-resistant .
pneumoniae should be treated with a
third-generation cephalosporin (cefo-
taxime or ceftriaxone), clindamyein, ot
vancomycin.

The role of fourth-generation fluoro-
quinolones (sparfloxacin, grepafloxacin,
and trovafloxacin) in the treatment of
these patients has still to be determined.
Alchough their in vitro activity against
DRSP is superior, whether fourth-gen-
eration fluoroquinolones offer any
clinical advantage over older fluoroqui-
nolones or other types of drugs in this
setting has yet to be demonstrated.

With the increased threart of develop-
ing vancomycin-related resistance, the
drug’s use should be reserved for pa-
tients who are at increased 1isk of DRSP,
are critically ill, have demonstrated
methicillin-resistant  Staphylococcus
aureus, are suspected to have §. preumo-
nige-related meningitis, or have a docu-
mented severe penicillin allergy.

Increasingly, the selection of appro-
priate antibiotic therapy also involves
cost. The RIMS system demonstrates
that there are significant cost differences
among products of a similar class that do
not vary in clinical outcome. Among the
second-line products that are routinely
used to treat patients with AECB, sig-
nificant differences in cost have been
found, based on test and procedure in-
tensity (cefuroxime/azithromycin>
amoxicillin/clavulanate/clarithromycin),
whereas patient comorbidity and severity
scores were constant, and outcome meas-
ures did not differ.

Development of a pathway of cost-ef-
fective, appropriate use for antimicrobial
selection in patients with CAP and
AECB will necessitate a critical look at
diagnostic techniques and therapeutic
modalities. New products like the
fourth-generation fluoroquinolones of-
fer the advantage of an apparently ex-
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panded spectium of activity at a mark-
edly increased cost.

Whether the use of fourth-generation
fluoroquinolones in vitro offers superior
coverage and translates into any clinical
advantage over the use of older fluoro-
quinolones remains to be demonstrated.

The threat of overusing advanced-
generation fluoroquinolones in inappro-
priate patient subsets and the potential
for bacterial overgrowth and resistance
cannot be overemphasized. Advanced-
generation macrolides continue to offer
significant advantages in the treatment
of respiratory tract infections secondary
to 8. puneumoniae, C. pneumoniae, lLe-
gionella sp, M. prnenmoniae, H. influenzae,
and M. catarrhalis. The hallmark of a
cost-effective clinical guideline for the
treatment of respiratory tract infections
rests on its appropriate use.
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