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DISEASE MANAGEMENT

Rational Use of Antibiotics to Treat 
Respiratory Tract Infections

Thomas M. File, Jr, MD; and James A. Hadley, MD

Respiratory tract infections (RTIs) are the
leading cause of acute morbidity and indus-
trial and school absenteeism in the United

States.1 Data from the National Center for Health
Statistics indicate that approximately three quarters
of all antimicrobial drug use resulting from physician
office visits is for RTIs.2 Although many RTIs require
antimicrobial drug therapy for optimal management
(such as community-acquired pneumonia [CAP],
acute bacterial rhinosinusitis [ABRS], and acute oti-
tis media [AOM]), most “outpatient” RTIs (ie, acute
bronchitis, nasal pharyngitis/common cold, and non-
specific upper RTIs) are caused by respiratory virus-
es for which antibiotic use is not warranted.
Although RTIs are caused primarily by viral
pathogens and therefore show little or no response
to antibiotic treatment,3-11 antibiotics are frequently
prescribed.4 For example, in 1992, of 57 million

antibiotic prescriptions to adults in the United States,
12 million were written for colds, upper RTIs, and
bronchitis. Patients receiving antibiotics included
51% of those diagnosed as having colds, 52% diag-
nosed as having upper RTIs, and 66% diagnosed as
having bronchitis.12 In 1994, 60% of outpatient
and 48% of emergency department episodes of
care for RTIs resulted in an antibiotic prescription
being filled.13

Because as many as half of the adult patients with
viral infections are inappropriately treated with
antibiotics,12 substantial overuse of antibiotics
occurs, resulting in unnecessary additional cost.
Furthermore, studies14-16 suggest that inappropriate
use of antibiotics contributes to the development of
drug resistance, further increasing treatment costs.
Scrutiny of these expenditures has been prompted
by the fact that managed care organizations spend
an average of 9% of their operating expenses on phar-
maceuticals.17 Promoting the appropriate use of
antibiotics through the development and application
of treatment guidelines and educational efforts
aimed at clinicians as well as patients should help
curb inappropriate prescribing and misuse of antibi-
otics, decrease treatment costs, and increase
patient satisfaction.

This article considers issues that have con-
tributed to the overuse of antibiotics and the devel-
opment of antimicrobial resistance. It also emphasizes
the need to foster the appropriate use of antimicrobial

Objectives: To foster the appropriate use of antimicrobial
agents for respiratory tract infections and to review factors that
should help achieve this objective.

Study Design: Review of evidence-based guidelines and
recommendations for proper antibiotic drug use for respiratory
tract infections.

Results and Conclusions: Antibiotic drug overuse and
inappropriate antibiotic drug selection are associated with
increased drug resistance among respiratory pathogens (most
notably, Streptococcus pneumoniae), possible progression to
chronic disease, and increased treatment costs. Awareness of
clinical manifestations that help differentiate viral from bac-
terial infection and the use of guidelines can promote the
appropriate management of respiratory tract infections.
Community-acquired pneumonia, acute bacterial rhinosinusi-
tis, and selected cases of acute exacerbations of chronic bron-
chitis (50%) warrant antimicrobial therapy, whereas otitis
media with effusion, acute bronchitis, and most rhinosinusitis
are viral and do not require antibiotic therapy.
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agents and reviews factors that should help achieve
this objective.

FACTORS CONTRIBUTING TO
ANTIBIOTIC DRUG OVERUSE

In addition to the prescription of antibiotics for
viral infections, a variety of factors contribute to the
inappropriate use of these agents, such as patient
expectations, time constraints imposed on the clini-
cian, and the practice of defensive medicine.18-20

Many patients who consult clinicians expect an
antibiotic to be prescribed; as a result, clinicians
may feel pressured to write antibiotic drug prescrip-
tions to satisfy patients and to maintain good physi-
cian-patient relationships. Receiving an antibiotic
reinforces the patient’s perception that antibiotics
are warranted in similar situations. Thus, patients
may continue to consult clinicians each time similar
symptoms occur, expecting that antibiotics are
again needed. Clinicians also may prescribe antibi-
otics as a rapid means of treating patients’ symp-
toms rather than taking the time to educate patients
that antibiotics are not always necessary, especially
if a viral infection is suspected. Moreover, clinicians
may prescribe antibiotics as part of a defensive
approach to avoid the potential sequelae of not pre-
scribing for patients with bacterial infection.

However, clinicians should recognize that patient
satisfaction is not compromised by the absence of
an antibiotic prescription21 provided that patients
understand the reasons. Hamm et al21 demonstrated
that patient satisfaction was affected by patient
perceptions that the clinician spent enough time
discussing the illness and by patient knowledge
about the treatment choice. Decreasing excess
antibiotic use is an important strategy for combat-
ing the increase in community-acquired antibiotic-
resistant infections.14

DIFFERENTIATING VIRAL INFECTIONS 
FROM BACTERIAL INFECTIONS

According to Centers for Disease Control and
Prevention estimates, as many as 50 million antibi-
otic prescriptions per year could be avoided if clini-
cians differentiated viral from true bacterial RTIs.22

However, for the clinician faced with a patient
exhibiting cough, nasal congestion, postnasal drip,
nasal discharge, pressure or pain over the sinuses,
and fever, differentiating viral from bacterial illness

may present a challenge. Symptoms often overlap,
and it is believed that bacterial infections may follow
viral disease.23 Although antibiotic treatment is
effective for bacterial RTIs, such as OM, sinusitis,
acute exacerbations of chronic bronchitis (AECBs),
and CAP, antibiotics do not eradicate viruses and do
not shorten the course of viral illness. In fact, when
antibiotics are given for viral infections, the result
may be subsequent infection with resistant bacte-
ria, since previous antibiotic exposure may provide
a selective advantage for resistant bacteria.24

Furthermore, antibiotic use can affect others, foster-
ing the carriage of resistant organisms among chil-
dren in day care and to other family members.25-27

For OM, it is also important to differentiate
between true AOM and OM with effusion because
the latter does not warrant antibiotic use. Acute OM
is diagnosed when fluid is present in the middle ear,
accompanied by signs or symptoms of acute illness
(eg, ear pain, otorrhea, or fever). Examination
shows a reddened tympanic membrane or purulence
behind a retracted tympanic membrane, and antimi-
crobial agents are prescribed to reduce infection and
prevent complications. In contrast, OM with effu-
sion, which also involves fluid in the middle ear
(usually amber type or clear), is not accompanied by
clinical signs or symptoms of infection (no fever or
ear pain).28

Several factors may help clinicians distinguish
between viral and bacterial rhinosinusitis. For
example, viral illness is frequently self-limiting, last-
ing 2 to 7 days.23 In contrast, bacterial infections
typically worsen after a week or do not resolve after
7 to 10 days.23,29 Although a thick, discolored nasal
discharge is often seen in patients with RTIs, this
sign is not a definitive indication that a bacterial
infection is present. In these patients, it may be pru-
dent to reserve antibiotic drug use unless the condi-
tion persists beyond 7 to 10 days. Acute bacterial
rhinosinusitis is usually preceded by a viral upper
RTI. Clinical judgment is used to distinguish
between viral illness and ABRS. Some of the key
clinical symptoms of viral and bacterial disease are
listed in Table 1.23,29,30

Acute exacerbations of chronic bronchitis due to
bacterial infection (which may account for up to
50% of AECBs31 and warrants antibacterial therapy)
are difficult to differentiate from nonbacterial exac-
erbations. However, it is important that the clinician
try to distinguish AECBs from acute bronchitis,
which does not require antimicrobial therapy. Acute
exacerbations of chronic bronchitis are defined as
illness in a patient with chronic bronchitis (defined
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as a productive cough for at least 3 months for 2 con-
secutive years)32,33 characterized by an increase in at
least 1 of 3 cardinal symptoms: dyspnea, sputum vol-
ume, or sputum purulence. Acute bronchitis is gen-
erally used to describe a transient (usually <15 days)
respiratory illness that occurs in patients without
chronic lung inflammatory conditions and is charac-
terized by cough (with or without sputum, fever, or
substernal discomfort) and in the absence of radi-
ographic findings of pneumonia.34,35

The challenge facing the clinician in establishing
a diagnosis of CAP is to distinguish it from less seri-
ous RTIs such as acute bronchitis (Table 2).36-38

Antibiotic therapy usually is not indicated for acute
bronchitis but is warranted for patients with
CAP.37,38 A definitive diagnosis of CAP cannot be
based on clinical symptoms alone; a chest radi-
ograph is necessary to determine the presence of
pneumonia.38

APPROPRIATE USE OF ANTIMICROBIAL
AGENTS IN RTIS

Research has demonstrated that antibiotics,
when used appropriately, are effective in eradicating
pathogens that cause bacterial RTIs, leading to more
rapid resolution of infection and improvement of

symptoms.23,39-41 For example, in patients with acute
community-acquired bacterial sinusitis, Gwaltney
and coinvestigators42 showed that antibiotic drug use
improved symptoms and decreased or eradicated
bacteria from the maxillary sinus. Recovery also is
more rapid in children with acute sinusitis who are
treated with antimicrobial agents compared with
those treated with placebo.39 Antibiotics also can
help avoid complications, such as in patients with
bacterial AOM. Treatment of bacterial AOM with an
antibiotic that provides coverage for the most com-
mon pathogens can help avoid the potential conse-
quences of untreated or incorrectly treated disease,
including hearing impairment and delayed speech
development.40,41 Antibiotic drug use also can help
prevent progression of disease from acute to chron-
ic manifestations. In addition, when sound princi-
ples are applied to select an appropriate empiric
agent, the costs associated with incorrect prescrib-
ing and multiple courses of antibiotics can be
avoided. Clinical practice guidelines can help out-
line appropriate empiric therapy.43

Inappropriate use of antibiotics has contributed
to the development of drug resistance among the
most common bacterial pathogens in RTIs—
Streptococcus pneumoniae, Haemophilus influen-
zae, and Moraxella catarrhalis. For example,
penicillin resistance (including intermediate and
high levels) has risen among S pneumoniae over
time, from when it was first identified in the 1960s
to approximately 5% by 1979 to 23.6% in 1995.44,45

The clinical relevance of penicillin-resistant S pneu-
moniae seems to vary depending on the level of
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Table 1. Symptoms Associated With Viral and
Bacterial Rhinosinusitis23,29,30

Viral Illness Acute Bacterial Rhinosinusitis
(Usually Lasting 2-7 d) (Persisting Beyond 5-7 d)

Sneezing Purulent nasal drainage

Rhinorrhea Fatigue

Nasal congestion Nasal congestion

Hyposmia/anosmia Hyposmia/anosmia

Sore throat Maxillary facial pain

Postnasal drip Postnasal drip 

Fever Fever

Cough Cough

Ear fullness Ear fullness/pressure

Facial pressure Facial pain/pressure (especially
unilateral and focused)

Myalgia Note: worsening of symptoms
after 7 d may indicate 
bacterial infection

Table 2. Characteristics of Acute Bronchitis and
Community-Acquired Pneumonia (CAP)36-38

Acute Bronchitis CAP

Transient duration (<15 d) Cough
in patients without chronic 
lung disease Sputum production

Cough with or without sputum Dyspnea

Substernal discomfort Fever

With or without fever Altered breath sounds

>90% viral Rales

No chest radiographic evidence Chest radiographic evidence
of pneumonia of pneumonia



resistance and the site of infection. For CAP, inter-
mediate resistance (minimum inhibitory concentra-
tion [MIC], 0.1-1.0 µg/mL) has not been shown to be
associated with a detrimental outcome; however,
this same level of resistance can be significant for
otitis.36 In 1997, resistance rates among S pneu-
moniae were reported to be 33.5% and 52.0%.45,46

Streptococcus pneumoniae resistance to macrolide
agents has also increased over time and, unlike
resistance to the β-lactams, may not be overcome
by raising the dose. Similarly, resistance among H
influenzae and M catarrhalis has increased.
Ampicillin resistance of H influenzae reached 50%
in some areas by 199746 and is seen in >90% of M
catarrhalis isolates.45

Antimicrobial therapy is intended to provide a
concentration of the agent that exceeds the concen-
tration needed to inhibit the infecting organism.
Traditionally, the MIC, which defines the minimum
amount of an antimicrobial agent necessary to inhib-
it the growth of a microbe, has been used to describe
the in vitro activity of an agent against a specific
organism. Microorganisms are identified as suscepti-
ble, intermediate, or resistant on the basis of specif-
ic MIC values, referred to as breakpoints. These
breakpoints are generally determined by reference
to levels of the drug achieved in human serum
rather than the concentration of the drug attained at
the infection site. These breakpoint values may not
correlate with recent clinical data.47,48 Data reported
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Table 3. Agents Active Against Isolates at Pharmacokinetic/Pharmacodynamic (PK/PD) Breakpoints*

Strains Susceptible at PK/PD Breakpoints, %  

PK/PD Streptococcus Haemophilus Moraxella
Antimicrobial Breakpoints, pneumoniae influenzae catarrhalis
Agent µg/mL (n = 1760) (n = 1919) (n = 204) 

Amoxicillin 2 90 61 14  

Amoxicillin (high dose)† 4 94 61 14  

Amoxicillin-clavulanate 2 90 97 100  

Azithromycin 0.12 67 0 100  

Cefaclor 0.5 27 2 5  

Cefixime 1 57 99.9 100  

Cefpodoxime 0.5 63 99.9 64  

Cefprozil 1 64 18 6  

Cefuroxime 1 65 80 37  

Clarithromycin 0.25 68 0 100  

Clindamycin 0.25‡ 89‡ NA NA

Doxycycline 0.25 76 20 97  

Erythromycin 0.25 68 0 100  

Gatifloxacin 1 >99§ 100 100  

Levofloxacin 2 >99 100 100  

Loracarbef 0.5 9 10 5  

Moxifloxacin 2 >99§ 100 100  

TMP/SMX 0.5‡|| 57‡|| 76‡|| 10‡||

NA = not available; TMP/SMX = trimethoprim/sulfamethoxazole.
*Data from the Sinus and Allergy Health Partnership29 and Jacobs et al.50

†High-dose amoxicillin (80-90 mg/kg per day) currently is not approved by the Food and Drug Administration.
‡National Committee for Clinical Laboratory Standards breakpoint; PK/PD not available.
§Gatifloxacin and moxifloxacin values not included in references but should be at least as effective as levofloxacin.
||Shown as TMP component.



in a number of studies, including those evaluating
the bacteriologic efficacy of azithromycin and cefa-
clor in eradicating H influenzae from middle ear
fluid,47,48 demonstrate that many current break-
points are inaccurate and need to be revised.

In contrast, pharmacodynamic breakpoints are
based on the pharmacokinetic evaluation of antibi-
otic concentrations (usually using serum concen-
trations because they are readily measured), with
consideration for how different antimicrobial
agents exert their antibacterial action (ie, time- or
concentration-dependent killing), and are correlat-
ed with clinical data on bacteriologic cure.
Antibiotics that exhibit time-dependent pharmaco-
dynamic effects are clinically successful (as mea-
sured by repeated tympanocentesis in therapy of
AOM) in more than 80% of cases when the serum
concentration exceeds the MIC for 40% to 50% of
the dosing interval.49 For the β-lactams and the
macrolides clarithromycin and erythromycin, effi-
cacy depends on the amount of time the serum
drug concentration exceeds the MIC of the agent.
In contrast, the efficacy of the fluoroquinolones is
concentration dependent, with the pharmacody-
namic breakpoint dependent on the ratio of the
area under the concentration time curve to the MIC
of the agent against the pathogen. Azithromycin is
neither completely time dependent nor completely
concentration dependent. This agent has a long
postantibiotic effect that leads to the free-drug area
under the concentration time curve/MIC as the
pharmacodynamic indicator. The pharmacokinet-
ic/pharmacodynamic breakpoints for agents that
exhibit predominantly time-dependent activity
against common respiratory pathogens (ie, S pneu-
moniae, H influenzae, and M catarrhalis) and the
susceptibilities of these pathogens at these break-
points are listed in Table 3.29,50 The data demon-
strate that 90% of the 1760 isolates of S
pneumoniae tested were susceptible to amoxicillin
and amoxicillin-clavulanate and 99% were suscep-
tible to the new fluoroquinolones. H influenzae
strains were highly susceptible to amoxicillin-
clavulanate, cefixime, cefpodoxime, and the new
fluoroquinolones.50 All of the 204 M catarrhalis
isolates remained susceptible to amoxicillin-clavu-
lanate, cefixime, clarithromycin, and azithromycin.
The pharmacokinetic/pharmacodynamic break-
points referred to primarily rely on the drug con-
centration achieved in serum, which correlates
well for infections such as otitis. For pneumonia,
the pharmacokinetics of agents in the endothelial
lining fluid may be a better marker of clinical

effect. To date, however, clinical trial data have not
supported or disproved this hypothesis.

THE VALUE OF GUIDELINES

The use of clinical practice guidelines can be an
effective means of changing behavior,51 such as pro-
moting the appropriate use of antibiotics. Effective
clinical guidelines should improve patient care while
enhancing cost savings. However, cost savings
should not be the primary motivating factor. A
recent example reported by Beilby et al52 described
a government intervention in Australia intended to
decrease costs by reducing the use of amoxicillin-
clavulanate. As a result, costs increased through the
occurrence of adverse outcomes in patients with
OM, sinusitis, lower RTI, and AECBs.

To maximize effectiveness and applicability,
antibiotic drug use guidelines should be evidence
based.53 The guidelines should also reflect data on
resistance, recognizing that local patterns of resis-
tance often differ across geographic regions. Hence,
effective guidelines should be readily adaptable for
implementation locally. Primary objectives of guide-
lines for treating RTIs should be to discourage
antibiotic use to treat viral illness, to outline diag-
nostic criteria, and to avoid use of ineffective antimi-
crobial agents.

A meta-analysis of relevant studies has shown
that there are numerous barriers to adherence to
practice guidelines (Table 4).54 For example, clini-
cians may not be aware of all of the available guide-
lines or may not be well versed in how to apply
specific recommendations appropriately. In addi-
tion, clinicians may not agree with some or all of the
recommendations made or, as a general principle,
may resist the concept of guidelines. If clinicians
are doubtful that they can perform the task called
for in the guidelines or harbor a belief that the rec-
ommendations will be unsuccessful, they probably
will not follow the guidelines. Time constraints or
healthcare organization requirements may impose
restrictions that hamper the clinician’s ability to
implement the guidelines. Furthermore, the clini-
cian may not have control over some changes
called for in guidelines, such as the acquisition of
new resources to perform diagnostic tests. Patient
preferences for alternatives not recommended in
guidelines also may obstruct adherence to clinical
practice guidelines. To be successful, educational
efforts and interventions aimed at improving
adherence to practice guidelines—such as use of
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checklists and reminder systems—should address
all of the identified barriers.

USE OF TREATMENT
RECOMMENDATIONS/GUIDELINES

IN RTIS

Acute Otitis Media
Treatment for bacterial AOM must take into

account the pathogens most commonly implicated
in this condition (ie, S pneumoniae, H influenzae,
and M catarrhalis) (Table 5)55-58 as well as their
resistance patterns. Treatment recommendations for

AOM have been developed in the context of increas-
ing levels of drug-resistant bacteria and selecting the
appropriate antibiotic agents.59 After reviewing the
data, the Drug-Resistant Streptococcus pneumoniae
Therapeutic Working Group of the Centers for Disease
Control and Prevention recommended that amoxicillin
(standard dose, 40-45 mg/kg per day, or high dose,
80-90 mg/kg per day) should be used as first-line
therapy in AOM (Figure).59 If factors associated with
the likelihood of resistance are present, the recom-
mendations suggest using high-dose amoxicillin,
high-dose amoxicillin-clavulanate, or cefuroxime
aextil as first-line therapy.59 These factors include
day care attendance, age, and recent exposure to
antibiotics (eg, within 4-6 weeks).29,60-63 Amoxicillin-
clavulanate, cefuroxime axetil, and intramuscular
ceftriaxone are recommended for treatment if
amoxicillin fails after 3 days of therapy (Figure).
Although a single injection of intramuscular ceftri-
axone achieves high concentrations in middle ear
fluid for several days,64 the clinical outcome is not
improved compared with a 10-day course of amoxi-
cillin-clavulanate.65 Furthermore, a series of daily
injections given for 3 days may be needed to
improve the effectiveness of ceftriaxone against
penicillin-resistant S pneumoniae.59 Other agents,
such as cefprozil, cefpodoxime, cefaclor, cefixime,
ceftibuten, loracarbef, trimethoprim/sulfamethoxa-
zole, and the macrolides, are not included in the list
of preferred antimicrobial agents for a variety of rea-
sons, including inadequate pharmacokinetic prop-
erties and decreased activity against β-lactamase
enzymes and drug-resistant S pneumoniae.59

Patients who are allergic to penicillin may be
treated with a newer macrolide or trimethoprim/sul-
famethoxazole. However, these agents have limited
utility against drug-resistant S pneumoniae. Fluoro-
quinolones, although effective against common
respiratory pathogens, are not approved for use
in children.

Cost and convenience issues also should be
addressed when selecting an appropriate antimicro-
bial agent. Dosing frequency and adverse effects play
a significant role in promoting or deterring patient
adherence to therapy. Selecting agents that have
more favorable adverse effect profiles and less-fre-
quent dosing requirements can aid in achieving
adherence. Table 6 compares the coverage, dosing
requirements, and adverse effect profiles of agents
frequently used to treat RTIs.29,50,66

Acute Bacterial Rhinosinusitis
Similar to the Centers for Disease Control and

DISEASE MANAGEMENT

718 THE AMERICAN JOURNAL OF MANAGED CARE AUGUST 2002

Table 4. Barriers to Clinician Adherence to Clinical
Practice Guidelines*

Barrier Explanation

Lack of awareness Clinician unaware that the 
guidelines exist  

Lack of familiarity Clinician aware of guidelines 
but unfamiliar with specifics

Lack of agreement Clinician does not agree with 
a specific recommendation 
made in guidelines or is 
averse to the concept of 
guidelines in general

Lack of self-efficacy Clinician doubts whether he 
or she can perform the 
behavior

Lack of outcome expectancy Clinician believes that the 
recommendations will be 
unsuccessful

Lack of motivation Clinician is unable/unmoti-
vated to change previous 
practices

Guideline-related barriers Guidelines are not easy or 
convenient to use  

Patient-related barriers Clinician may be unable to 
reconcile guidelines with 
patient preferences

Environmental-related barriers Clinician may not have 
control over some changes 
(eg, time, resources, organi-
zational constraints)

*Adapted from Cabana et al.54



Prevention’s recommendations for AOM, the guide-
lines issued by the Sinus and Allergy Health
Partnership recommend empiric choices for treating
ABRS.29 Table 5 lists the most common bacterial
pathogens observed in patients with ABRS.55-58 As in
AOM, S pneumoniae and H
influenzae are frequently impli-
cated in ABRS; however, M
catarrhalis is less likely to be the
infectious cause of this condition
compared with its role in AOM
(2% vs 12%).55,56 The guidelines
recognize that patients exposed
to an antibiotic within 4 to 6
weeks of their current infection
are likely to be infected with a
resistant pathogen. The predict-
ed bacterial efficacy rates of
antibiotics used in children
and adults as determined by
mathematical modeling of in
vitro efficacy data are listed in
Table 7.29 In developing its
antimicrobial guidelines, the
Panel of experts of the Sinus
and Allergy Health Partnership
Task Force used the Poole
Therapeutic Outcome Model to
predict the therapeutic effec-
tiveness of various antimicro-
bial agents. Recognizing that
resistance rates may change
over time and may vary from
community to community, the
Panel intends to revise the
guidelines as resistance rates
change and as new antibiotics
are introduced. The model is
available at the Sinus and
Allergy web site (http://www.
allergysinus.org), where clini-
cians can input local resistance
rates and develop their own opti-
mal treatment recommendations.

In adults, only amoxicillin-
clavulanate and the new fluoro-
quinolones (ie, gatifloxacin,
levofloxacin, and moxifloxacin)
have expected efficacy rates
exceeding 90%.29 In children,
amoxicillin-clavulanate and high-
dose amoxicillin are the only
agents expected to exceed a 90%

efficacy rate. Although the Food and Drug
Administration has not approved the use of high-
dose amoxicillin, the general consensus is that this
therapy seems to be safe, given its duration of use.
Selection of the appropriate antibiotic agent can
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Figure. Algorithm Outlining the Centers for Disease Control and
Prevention Recommendations for Treating Acute Otitis Media59

Antibiotic Therapy in Previous Month
Attends Day Care 

Age <2 y

Clinical Failure on Day 3

No Yes

Amoxicillin (Regular 
or High Dose*)

Amoxicillin (High Dose*)
Amoxicillin-clavulanate (High Dose*†)
Cefuroxime Axetil

Amoxicillin-clavulanate 
  (High Dose*†)
Cefuroxime Axetil
Intramuscular Ceftriaxone (3 d)

Intramuscular Ceftriaxone (3 d)
Clindamycin (for 
  Streptococcus  pneumoniae) 
Tympanocentesis

*High-dose amoxicillin (80-90 mg/kg per day) is not yet approved by the Food and Drug
Administration.
†Consists of 80 to 90 mg/kg per day of amoxicillin and 6.4 mg/kg per day of clavulanate.

Table 5. Most Common Bacterial Pathogens in AOM, ABRS, AECBs, and
CAP*14,55-58

Pathogen AOM (%) ABRS (%) AECBs (%) CAP (%)†

Streptococcus pneumoniae 29 36 15-30 20-60

Haemophilus influenzae 26 26 40-60 3-10

Moraxella catarrhalis 12 2 15-30 1-2

AOM = acute otitis media; ABRS = acute bacterial rhinosinusitis; AECBs = acute exacerba-
tions of chronic bronchitis; CAP = community-acquired pneumonia.
*Adapted from Jacobs78.
†Atypical agents account for 20% to 30% of CAP cases.
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Table 6. Coverage, Dosing, and Adverse Effects of Antibiotics Used to Treat Respiratory Tract Infections*14,50,66

Antibiotic Dosage Regimen Adverse Reactions Advantages Disadvantages

Amoxicillin (Amoxil) Adults: 875 mg BID; Diarrhea, nausea, Excellent activity against Increasing resistance
500-1000 mg TID vomiting, penicillin- Streptococcus pneumoniae; of β-lactamase–produc-

allergic reactions pleasant-tasting suspension; ing organisms; not
Children: 45-90 mg/kg generic availability; BID appropriate for
BID dosing penicillin-allergic

patients

Amoxicillin-clavulanate
(Augmentin) Adults: 500-875 mg BID Diarrhea, nausea, rash, Excellent activity against Not appropriate for

Children: 45 mg/kg BID vomiting, penicillin- S pneumoniae, penicillin-allergic
allergic reactions Haemophilus influenzae patients

(including β-lactamase–
producing strains), and 
Moraxella catarrhalis; 
BID dosing; pleasant-tasting 
suspension     

Azithromycin Adults: 500 mg as a GI tract distress, Activity against Increasing resistance of
(Zithromax)  single dose, day 1; abdominal pain, M catarrhalis; atypical S pneumoniae; question-

250 mg as a single nausea, dizziness, coverage; QD dosing; able activity against
dose, days 2-5 headache 5-d duration; pleasant- H influenzae based on
Children: 10 mg/kg as tasting suspension pharmacokinetic/
a single dose, day 1; pharmacodynamic
5 mg/kg as a single breakpoints for otitis
dose, days 2-5 media and sinusitis (see 

Table 3); demonstrates 
cross-resistance with
erythromycin-resistant 
gram-positive strains  

Cefaclor (Ceclor) Adults: 250-500 mg TID Hypersensitivity Generic availability; Demonstrates poor
Children: 20-40 mg/kg reactions, diarrhea, pleasant-tasting activity against
TID serum-sicknesslike suspension S pneumoniae,

symptoms, vomiting H influenzae, and 
M catarrhalis; TID 
administration

Cefixime (Suprax) Adults: 400 mg QD Hypersensitivity Excellent activity against Demonstrates moderate
or 200 mg BID reactions, GI tract H influenzae and activity against
Children: 8 mg/kg QD distress, diarrhea, M catarrhalis; QD dosing S pneumoniae; high
or 4 mg/kg BID abdominal pain, incidence of diarrhea;

nausea, rash bitter taste  

Cefdinir (Omnicef) Adults: 300 mg BID Hypersensitivity BID/QD dosing
(CAP) or 600 mg QD reactions, GI tract
Children: 7 mg/kg BID distress, diarrhea,
or 14 mg/kg QD nausea    

Cefprozil (Cefzil) Adults: 500 mg QD, GI tract distress, BID/QD dosing Demonstrates moderate
250 mg BID nausea, diarrhea, activity against
Children: 7.5 mg/kg hypersensitivity S pneumoniae
BID and poor activity against 

H influenzae and 
M catarrhalis; GI tract 
distress

BID = twice a day; TID = 3 times a day; GI = gastrointestinal; QD = once a day; TMP/SMX = trimethoprim/sulfamethoxazole.
Susceptibility: excellent = >90%; good = 90%-70%; moderate = 70%-50%; poor = <50%.
*Data are based on the faculty’s clinical experience and may include unlabeled or unapproved uses of the drugs mentioned.
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Table 6. Coverage, Dosing, and Adverse Effects of Antibiotics Used to Treat Respiratory Tract Infections*14,50,66

(continued)

Antibiotic Dosage Regimen Adverse Reactions Advantages Disadvantages

Cefpodoxime (Vantin) Adults: 100-200 mg BID Diarrhea, nausea, GI Excellent activity against Demonstrates moderate
Children: 5 mg/kg BID tract distress, vaginal H influenzae; BID dosing activity against

infection, abdominal S pneumoniae and
pain, headache M catarrhalis; bitter-

tasting suspension; 
diarrhea; rash 

Cefuroxime axetil Adults: 250-500 mg BID GI tract symptoms, Good activity against Demonstrates moderate
(Ceftin) Children: 125-250 mg BID rash, diarrhea, nausea, H influenzae; BID dosing; activity against

vomiting, allergic availability of parenteral S pneumoniae and
reactions  form poor activity against 

M catarrhalis; bitter taste  

Clarithromycin (Biaxin) Adults: 500 mg BID GI tract symptoms, Activity against Increasing resistance of
Children: 7.5 mg/kg BID; diarrhea, nausea, M catarrhalis; atypical S pneumoniae; poor
Biaxin XL, 1000 mg QD abnormal taste, coverage; BID dosing; activity against

headache, rash, QD dosing with XL H influenzae (see
abdominal pain         Table 3); demonstrates

cross-resistance with 
erythromycin-resistant
gram-positive strains

Doxycycline Adults: 100 mg every GI tract symptoms, Atypical coverage, generic S pneumoniae
(Vibramycin, Doryx) 12 h nausea, vomiting, availability demonstrating increased

diarrhea, hypersensi- resistance, phototoxicity
tivity, photosensitivity

Gatifloxacin (Tequin) Adults: 400 mg QD Nausea, diarrhea, Excellent activity against Not approved for use in
Children: not indicated headache, dizziness, S pneumoniae, H influenzae, children; drug interac-

abdominal pain, and M catarrhalis; atypical tions with multivitamins;
vomiting coverage; QD dosing; avail- tendonitis

ability of parenteral form

Levofloxacin (Levaquin) Adults: 500 mg QD Diarrhea, nausea, Excellent activity against Not approved for use
Children: not indicated headache, insomnia, S pneumoniae and excellent in children; drug inter-

dizziness, vaginitis activity against H influenzae actions with multi-
and M catarrhalis; QD vitamins; tendonitis
dosing; availability of 
parenteral form

Loracarbef (Lorabid) Adults: 400 mg BID GI tract distress, BID dosing; pleasant- Demonstrates poor
Children: 30 mg/kg BID headache, rash, tasting suspension activity against 

diarrhea, nausea S pneumoniae,
H influenzae, and
M catarrhalis

Moxifloxacin (Avelox) Adults: 400 mg QD Nausea, diarrhea, Excellent activity Not approved for use
Children: not indicated headache, dizziness, against S pneumoniae, in children; drug inter-

abdominal pain, H influenzae, and actions with multi-
vomiting M catarrhalis; QD dosing vitamins; tendonitis

TMP/SMX (Bactrim, Adults: 160-800 mg BID GI tract distress, BID dosing; generic Limited activity against
Septra) Children: 8-40 mg/kg, hypersensitivity availability S pneumoniae and

divided, BID reactions, rash, H influenzae; little activi-
Stevens-Johnson ty against M catarrhalis;
syndrome, nausea, increasing resistance will
vomiting, anorexia likely continue to dimin-

ish its utility; allergic
reactions; phototoxicity

BID = twice a day; TID = 3 times a day; GI = gastrointestinal; QD = once a day; TMP/SMX = trimethoprim/sulfamethoxazole.
Susceptibility: excellent = >90%; good = 90%-70%; moderate = 70%-50%; poor = <50%.
*Data are based on the faculty’s clinical experience and may include unlabeled or unapproved uses of the drugs mentioned.



help prevent the development of chronic sinusitis,
decrease costs associated with multiple treatment
failures, and curtail the development of resistance.

The preferred agents recommended for the
treatment of ABRS are those that are active against
the pathogens commonly implicated in acute
sinusitis—S pneumoniae, H influenzae, and M
catarrhalis.29 Switching to a second agent is sug-
gested if, after 72 hours, the patient’s condition does
not clinically improve or worsens.

First-line therapy recommended for adults with
mild disease and no antibiotic therapy during the
previous 4 to 6 weeks is high-dose amoxicillin,
amoxicillin-clavulanate, cefpodoxime proxetil, and
cefuroxime axetil.29 The guidelines note that cef-
prozil may have a bacterial failure rate of up to 25%.
Similarly, although clarithromycin, trimethoprim/sul-
famethoxazole, doxycycline, azithromycin, or ery-
thromycin may be considered for patients with
β-lactam allergies, they are generally less active
for drug-resistant S pneumoniae. Use of
trimethoprim/sulfamethoxazole also has been
associated with potentially fatal toxic epidermal
necrolysis. For adults with mild disease who have
had recent antibiotic therapy or for those with
moderate disease with no recent antibiotic thera-
py, first-line treatment recommendations include
amoxicillin-clavulanate, high-dose amoxicillin,

cefpodoxime proxetil, and cefuroxime axetil.
Appropriate agents for β-lactam–allergic or β-lac-
tam–intolerant patients include gatifloxacin, lev-
ofloxacin, and moxifloxacin. In adults with
moderate disease and recent antibiotic use, the
indicated agents are amoxicillin-clavulanate, gati-
floxacin, levofloxacin, moxifloxacin, or combination
therapy (amoxicillin or clindamycin for gram-posi-
tive coverage plus cefixime or cefpodoxime proxetil
for gram-negative coverage).29

In children with mild disease and no antibiotic use
in the previous 4 to 6 weeks, first-line therapy
includes amoxicillin-clavulanate, high-dose amoxi-
cillin, cefpodoxime proxetil, or cefuroxime axetil.29

In patients with a history of immediate type I hyper-
sensitivity to β-lactams, use of trimethoprim/sul-
famethoxazole, azithromycin, clarithromycin, or
erythromycin is recommended, although bacterial
failure rates of 20% to 25% are possible with these
agents. For children with moderate disease who have
had no recent antibiotic therapy or for those with
mild disease who have had recent antibiotic therapy,
indicated treatment agents are high-dose amoxicillin,
amoxicillin-clavulanate, cefpodoxime proxetil, and
cefuroxime axetil. In children with moderate disease
who have received recent antibiotic therapy, the rec-
ommended treatment is amoxicillin-clavulanate or
combination therapy—amoxicillin or clindamycin for
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Table 7. Expected Clinical Efficacy Rates of Antibiotics in Acute Bacterial Rhinosinusitis in Adults and
Children29

Antibiotics

Efficacy Rate, % Adults Children

>90 Amoxicillin-clavulanate, gatifloxacin, Amoxicillin-clavulanate, amoxicillin (high dose)*
levofloxacin, moxifloxacin 

80-90 Amoxicillin (high dose),* cefpodoxime Cefpodoxime proxetil, cefixime (based on
proxetil, cefixime (based on Haemophilus H influenzae and M catarrhalis coverage),
influenzae and Moraxella catarrhalis cefuroxime axetil, clindamycin (based on gram-
coverage), cefuroxime axetil, TMP/SMX positive coverage), azithromycin, clarithromycin, 

erythromycin, TMP/SMX

70-80 Clindamycin (based on gram-positive Cefprozil
coverage), cefprozil, doxycycline, 
azithromycin, clarithromycin, 
erythromycin

60-70  Cefaclor, loracarbef

50-60 Cefaclor, loracarbef

TMP/SMX = trimethoprim/sulfamethoxazole.
*High-dose amoxicillin (80-90 mg/kg per day) is not yet approved by the Food and Drug Administration.



gram-positive coverage plus cefixime or cefpodoxime
proxetil for gram-negative coverage.29

Acute Exacerbations of Chronic Bronchitis
Timely and accurate diagnosis and treatment of

AECBs remain challenging to clinicians because of
the indefinite beginnings and uncertain treatment
modalities of the condition. Because patients with
AECBs have chronic bronchitis as an underlying dis-
ease and because the definition of AECBs is subjec-
tive, it is sometimes difficult to determine when an
exacerbation has begun or ended.

The most common bacterial pathogens associated
with AECBs are listed in Table 5.55-58 Because as
many as 50% of AECB episodes may be nonbacterial
in origin31 and because there is no reliable method of
distinguishing bacterial episodes from nonbacterial
episodes based on clinical criteria,67 the appropriate-
ness of antimicrobial therapy is controversial, partic-
ularly in light of current trends in resistance.
However, since recurrent episodes of AECB can
impair pulmonary function and can severely impact
quality of life, many clinicians choose to treat the
condition with antibiotics to address those cases that
are bacterial in origin. To help decide whether
antimicrobial therapy is warranted, clinicians may
also stratify patients by the type of exacerbation and
by the presence of risk factors associated with poor
outcome. Several randomized, placebo-controlled
trials have shown that antibiotic treatment is benefi-
cial in selected patients with AECBs.68 Specifically,
studies show that patients with more severe exacer-
bations (type I) are more likely to experience benefit
than those with less severe disease. Patients with
type I exacerbations have all 3 cardinal symptoms—
increased dyspnea, increased sputum volume, and
increased sputum purulence—whereas patients with
type II exacerbations have 2 symptoms and those
with type III exacerbations have only 1.69 In compar-
ison, patients with moderate exacerbations (type II)
experienced less benefit from antibiotic therapy
compared with those who received placebo, and
patients with mild episodes (type III) did not seem to
benefit from antibiotic treatment compared with the
placebo group. In the study by Anthonisen et al,69

patients with AECBs who received antibiotic therapy
had more rapid return of peak flow, were more like-
ly to achieve clinical success, and experienced clini-
cal failure less frequently than did patients given
placebo. Other studies also have shown the benefit of
antibiotic therapy in AECBs.70 A clinical practice
guideline for the management of AECBs formulated
by the American College of Physicians–American

Society of Internal Medicine and the American
College of Chest Physicians was recently published;
this position paper recommends use of antibiotics in
patients with severe exacerbations (such as type I) of
chronic obstructive pulmonary disease.71

In addition to stratification by type, patients at
high risk for a poor AECB outcome have been iden-
tified, including individuals with a history of repeat-
ed infections (>4 per year), comorbid illnesses (such
as diabetes mellitus, asthma, or coronary heart dis-
ease), or marked airway obstruction (<50% forced
expiratory volume in 1 second).72

In patients with AECBs of bacterial origin, antibi-
otic therapy may have a long-term benefit of
decreasing the amount of bacteria chronically col-
onizing the airway once the patient is clinically
stable, thus helping to prevent progression to
parenchymal lung infection.57 Antibiotic drug treat-
ment may also prevent progressive airway injury
due to persistent infection and may prolong the
duration between exacerbations.57

Agents with activity against the most commonly
encountered pathogens in AECBs—S pneumoniae,
H influenzae, and M catarrhalis—should be select-
ed for treatment. An appropriate agent also should
be resistant to β-lactamase destruction, should
have good penetration into bronchial tissue and
sputum, should promote patient adherence
through convenient dosing, and should have a
favorable adverse effect profile.67 The specific choice
of antibiotic for AECBs remains controversial. Most
previously published trials have demonstrated a
benefit of narrow-spectrum antibiotics (ie, amoxi-
cillin, trimethoprim/sulfamethoxazole, and tetracy-
cline) as initial treatment.68 However, most of these
studies were done before the emergence of mul-
tidrug-resistant pathogens. Many experts recom-
mend stratifying antibiotics on the basis of severity
of disease and on the presence of risk factors of out-
come. Table 8 lists agents recommended for AECB
treatment according to one classification scheme.72

Note that AECBs do not generally occur in children;
also, we describe the drawbacks of several of the
antibiotics in Table 6.

Community-Acquired Pneumonia
A complete consideration of pneumonia treat-

ment is beyond the scope of this article. However,
principles of rational therapeutic decision making
also apply to the selection of appropriate antibiotic
agents for CAP. After distinguishing between acute
bronchitis and CAP (see Table 2)36-38 and after estab-
lishing a diagnosis of CAP, the clinician must choose
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antibiotics with activity against the pathogens most
commonly encountered in this condition. Similar to
other RTIs, S pneumoniae is the most common
pathogen associated with CAP, accounting for 20% to
60% of cases in North America (Table 514,55-58) and
approximately two thirds of bacteremic pneumonia
cases.37 Rising resistance among S pneumoniae is of
particular concern in the treatment of CAP and is an
important consideration in the rational use of
antibiotics for the treatment of this condition.

Guidelines for the treatment of CAP recently
issued by the Infectious Diseases Society of America
note that selection of appropriate agents is easier if
the infecting pathogens have been identified. In
most cases, though, pathogens are not isolated;
therefore, treatment usually is based on empiric
decision making.37 Antimicrobial agents generally
considered effective for the most common (key)
pathogens (ie, S pneumoniae, H influenzae, and the
atypical organisms) include the macrolides, newer flu-
oroquinolones, and doxycycline.37 Note that peni-
cillin-resistant pneumococci may be resistant to
macrolides or doxycycline. The choice among these
agents should be determined in part by regional
antibiotic susceptibility patterns for S pneumoniae
and the presence of potential risk factors for drug-
resistant S pneumoniae (use of antimicrobial agents
within the past 3 months, hospitalization within 1

month, and presence within the household of a child
who attends day care). The Infectious Diseases
Society of America statement further indicates that
“for older patients or those with underlying disease,
a fluoroquinolone may be a preferred choice; some
authorities prefer to reserve fluoroquinolones for
such patients.” The rationale to reserve the fluoro-
quinolones is that the fear of widespread use may
lead to the development of fluoroquinolone resis-
tance among the respiratory pathogens (as well as
other pathogens colonizing treated patients).73

Although the recommended β-lactam antibiotics
are effective against most isolates of S pneumoniae
and H influenzae, they are not clinically effective for
the atypical organisms. Penicillins combined with β-
lactamase inhibitors (amoxicillin-clavulanate) and
most cephalosporins (ie, cefuroxime, cefpodoxime,
and cefprozil) are active against β-lactamase–pro-
ducing organisms, such as H influenze and M
catarrhalis, and can be considered appropriate in
settings where the atypical organisms may be less
likely (ie, smokers with purulent sputum).
Regarding macrolides, the newer agents (clar-
ithromycin and azithromycin) are better tolerated
and have better activity against H influenzae than
does erythromycin. Of increasing concern is the
emergence of resistance of S pneumoniae to
macrolides. In the United States, most macrolide
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Table 8. Proposed Classification of and Therapy for Acute Bronchitis and Acute Exacerbations of 
Chronic Bronchitis*

Clinical Status Criteria/Risk Factors Pathogens Antimicrobial Treatment

Acute bronchitis No underlying chronic inflammatory Viral None  
lung disease 

Simple chronic bronchitis FEV1 >50%, increased sputum 
volume and purulence Haemophilus influenzae, Amoxicillin, doxycycline,

Moraxella catarrhalis, and newer macrolides
Streptococcus pneumoniae (azithromycin or clarithro-

mycin), cephalosporin  

Complicated chronic bronchitis As for class 2 + any of the H influenzae, M catarrhalis, Quinolone,
following: FEV1 <50%, advanced and S pneumoniae; concern amoxicillin/clavulanate
age, >4 exacerbations/year, for resistant strains
significant comorbidity

Chronic bronchial infection Class 3, continuous sputum H influenzae, M catarrhalis, Ciprofloxacin
through year and S pneumoniae; 

Enterobacteriaceae; 
Pseudomonas aeruginosa

FEV1 = forced expiratory volume in 1 second.
*Modified from Adams and Anzueto72 and Grossman.79



resistance is a result of increased drug efflux encod-
ed by mef and with a MIC less than 32 µg/mL. It is
possible that this resistance may be overcome by
achievable levels of the newer macrolides in the lung
or endothelial lining fluid.74 Of note, however, are
recent reports describing patients treated with oral
macrolides who failed therapy and required admis-
sion to the hospital for therapy of macrolide-resis-
tant S pneumoniae bacteremia.75,76 To date, these
reports are relatively few in light of the millions of
doses of macrolides used in this country; however,
these reports are the basis for future concern.

EDUCATIONAL STRATEGIES PROMOTE 
RATIONAL ANTIBIOTIC USE

Issuing guidelines on appropriate antibiotic drug
use for treatment of different types of infections is
only the first step in ensuring that rational princi-
ples are adopted and followed in clinical practice.
Educational strategies aimed at enhancing clinician
awareness of guidelines and encouraging their
implementation are necessary. Educational materi-
als promoting the implementation of practice guide-
lines and emphasizing their benefits could be
developed and provided to clinicians. Translation of
guidelines into practice also must involve educa-
tional efforts geared toward patients. Patients need
to understand that antibiotics are not appropriate
for the treatment of viral infections. They also must
be educated about the need to take antibiotics as
directed and for the entire duration prescribed.
Public health campaigns can help spread the word,
and traditional print and audiovisual patient educa-
tion materials also may be useful.

Educational efforts aimed at providers and
patients already have proved to be successful in pro-
moting the rational use of antibiotics in upper RTIs.
In a study77 in rural Alaska, the education of health-
care workers and the community concerning appro-
priate antimicrobial drug use in children with upper
RTIs was associated with a 22% reduction in the
number of antibiotic prescriptions in children
younger than 5 years and with a 28% decrease in
penicillin-resistant pneumococcal nasopharyngeal
isolates compared with the 2 control regions not
provided with the educational intervention.

In addition to educational campaigns, there is no
substitute for the few moments taken by the treating
clinician to explain fully why antibiotics are not nec-
essary or why they are being prescribed. This
approach helps patients realize that their condition

is being taken seriously. The investment in time and
personal attention can increase patient satisfaction
with the selected treatment and can help ensure
that patients comply with therapy.

CONCLUSIONS

The widespread morbidity caused by RTIs is a
serious problem for society in general and clinicians
in particular. The appropriate management of RTIs
poses multiple challenges for the clinician.
Determining the bacterial or viral cause of an RTI is
critical to deciding whether patients require antibi-
otic therapy. Bacterial infections warrant antimicro-
bial therapy, whereas viral infections do not. Viral
illness generally resolves within a week, whereas
bacterial infections typically worsen and can be
accompanied by clinical signs of infection (eg, ear
pain, otorrhea, or fever).

Inappropriate prescribing practices (eg, selecting
agents with insufficient antimicrobial activity and
treating viral infections with antibiotics) have con-
tributed to the development of drug resistance
among common respiratory pathogens (eg, S pneu-
moniae, H influenzae, and M catarrhalis). For
example, among S pneumoniae isolates, penicillin
resistance has risen to more than 50% in some areas
of the United States. Factors contributing to inap-
propriate antimicrobial use include patient expecta-
tions, clinician time constraints, and the practice of
defensive medicine. Antibiotic therapy with the
appropriate agent shortens the course of the illness,
lowers the risk of complications due to untreated
disease, helps prevent disease progression and air-
way impairment, and avoids the added cost of mul-
tiple courses of antibiotics.

Although evidence-based recommendations and
guidelines for treatment have been developed to
assist clinicians in selecting appropriate antibi-
otics for empiric therapy, a variety of barriers and
obstacles must be overcome in clinician and
patient attitudes.

Educational efforts targeted toward clinicians as
well as patients are necessary to encourage imple-
mentation of guidelines, to avoid misuse of antibi-
otics for viral infections, and to prevent prescription
of antibiotics that are ineffective for treating the
most likely respiratory pathogens. The judicious and
rational use of appropriate antibiotic agents in the
treatment of RTIs can help reduce the complexities,
costs, and disease complications that currently bur-
den the management of these common conditions.
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