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Antibiotic Kinetic and Dynamic Attributes for 
Community-Acquired Respiratory Tract Infections
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The probability of a good out-
come in the treatment of respi-
ratory tract infections (RTIs) is

based on a variety of factors: the con-
dition of the host, etiologic agent, and
the selection of antimicrobial treat-
ment. At present several factors affect
the management of community-
acquired RTIs in the outpatient set-
ting: the age of the treatment
population, this population’s multiple
comorbidities, the greater severity of
their illness, and the considerable
change in the pathogens in their epi-
demiology and resistance patterns.
Although the clinician has no control
over those factors, the selection of
antimicrobial therapy is often at the
discretion of the prescriber.
Currently, in this era of medical man-
agement, clinicians recognize that

RTI is not a static process but has a
beginning, middle, and end that is
best characterized as a dynamic
process. The relationship of antimi-
crobial therapy to the resolution of
infection may also be described as a
series of dynamic effects (ie, pharma-
codynamics, toxicodynamics, and
econodynamics), which contribute to
the clinical and economic outcomes
of the infection process.

The major treatment options for
community-acquired RTIs include
cephalosporins, penicillins and their
derivatives (with or without clavulan-
ic acid), macrolides, tetracyclines,
and fluoroquinolones. Of these, the
macrolides clarithromycin and
azithromycin compose a major por-
tion of antibiotic usage from both an
economic and clinical practice stand-

Presentation Summary
Factors, including the age of the

treatment population, this popula-
tion’s multiple comorbidities, the
greater severity of their illness, and
the considerable change in the
pathogens in their epidemiology and
resistance patterns, affect the man-
agement of community-acquired res-
piratory tract infections in the

outpatient setting. Moreover, outcome
is affected by the host, etiologic agent,
and the selection of the antimicrobial
treatment. The challenge of selecting
appropriate antimicrobial therapy is
often at the discretion of the pre-
scriber. The nature of respiratory
tract infections and the relationship
of antimicrobial therapy to the resolu-
tion of infection are described. 
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point. Over the past decade, clini-
cians have been able to optimize
antimicrobial therapy based on con-
temporary pharmacodynamic princi-
ples, that is, the relationship between
antimicrobial concentration and bac-
tericidal effect. Results have shown
that antibiotics eradicate bacteria by
an interaction of microbiologic 
activity and pharmacokinetics (PK).
Both properties as well as the differ-
ence in pharmacodynamic (PD) inter-
action between the drug and bug for
various classes of antibiotics should
be considered in drug selection deci-
sions. The application of these princi-
ples provides an opportunity for using
available antimicrobials in a manner
that promotes maximal outcomes,
while providing benchmarks for the
evaluation and clinical development
of novel therapies.

At present, antibiotic selection for
the treatment of both upper and lower
RTIs remains a topic of considerable
debate. For example, clinicians
should consider if antibiotics are
indeed indicated for the treatment of
acute otitis media, realizing that the
definitions applied to the term
“appropriate use of antibiotics” may
be very different depending on who
defines the term. In our current med-
ical system, this term could be
defined by no less than 5 entities:
patient, prescriber, payer, institution-
al provider, and the pharmaceutical
industry. Each of these definitions
may be quite different, having been
derived from evaluations of the avail-
able medical literature or perceptions
concerning efficacy and costs, and
clinicians must recognize that these
differences exist. As an understanding
of the interactions between these
entities is enhanced, there will be
opportunities to work toward a com-
mon and unified definition that suits
the needs of both the infected individ-
ual and the ecosystem, which may be
altered by unnecessary antibiotic
exposure. Although these issues must
be recognized in any discussion of

antibiotic usage, this article will focus
on the selection of an optimal therapy
under the assumption that the initia-
tion of antibiotic therapy is deemed
appropriate.

Host-Bug-Drug Triad
After the decision has been made

to initiate antibiotic therapy, the clin-
ician must realize that the goal of
therapy is to maximize the probabili-
ty of a good outcome and that this
process may be made easier by under-
standing the interactions of the host-
bug-drug triad. Today, many patients
treated for acute exacerbation of
chronic bronchitis or community-
acquired pneumonia are older and
have multiple comorbidities that con-
tribute to poor clinical outcomes.
Furthermore, as described elsewhere
in this supplement, the pathogens
commonly associated with these
types of infections have undergone
considerable changes in their suscep-
tibility to frequently utilized antibi-
otics. Consequently, if optimal
clinical outcomes are to be main-
tained, clinicians must be aware of
these contemporary issues and the
resultant implications of the selection
of antibiotic therapy.  

In addition, the medical community
recognizes the infection and recovery
process as a dynamic event that
changes in severity over the course of
the process. As a result, the rate and
extent of infection resolution may be
defined by 3 dynamic principles: PD,
toxicodynamics, and econodynamics.
Among the antibiotics, PD typically
addresses the relationship between
their concentration and their capac-
ity to kill bacteria. However, a cur-
rent and more comprehensive
approach to the selection of an
antibiotic also considers its toxico-
dynamics or the effect that varying
its concentrations has on toxicity.
Econodynamics, a perspective that
has become increasingly more diffi-
cult to ignore, is the study of the cost
of therapy and its association with
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the rate and extent of outcome, realiz-
ing that the utilization of resources
may be very different over the course
of infection.

Optimizing Antimicrobial Therapy
The selection of the optimal

antimicrobial for any clinical scenario
is based on the composite assessment
of the microbiologic activity, PK, and
drug interaction/adverse event profile
of the agents under consideration.
Although the microbiologic spectrum
and PK profile are often points of 
differentiation for antimicrobials, 
current understanding of a drug’s
effectiveness is based on its PD profile,
which simultaneously assesses micro-
biologic activity and PK.1-3 Therefore,
the PD assessment of potential thera-
pies integrates patient variables, such
as PK parameters, with pathogen vari-
ables (antibiotic susceptibility), to
assess anticipated antimicrobial activ-
ity in vivo. The agent’s PK profile is
responsible for delivering sufficient
concentrations to the site of infec-
tion, but it is the microbiologic 

susceptibility and, more specifically,
the concentration of drug relative to
the microbiologic activity (ie, the
minimum inhibitory concentration
[MIC]) that results in the PD profile of
the agent and ultimately influences
the rate and extent of bactericidal
activity. However, different antibiotics
exhibit their bactericidal activity
according to different PD profiles, for
example, the effects of some agents
are concentration dependent whereas
the effects of others are time depen-
dent. The concentration-dependent
agents exhibit an increase in rate and
extent of bactericidal activity as con-
centration increases. Antibiotics that
display concentration-dependent bac-
tericidal activity include the fluoro-
quinolones and aminoglycosides.
These concentration-dependent ef-
fects, as highlighted in the work of
Craig and Ebert, reveal that the rate
and extent of Pseudomonas aerugi-
nosa kill increases as the exposure
concentration increases by multiples
of the MIC of the pathogen.4 Other
agents, such as β-lactams and the
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Figure 1. Concentration-Dependent and Concentration-Independent Bactericidal
Activity Against Pseudomonas aeruginosa
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macrolides, exhibit different bacterial
killing attributes. After these drugs
achieve concentrations of 2 to 4 times
above the MIC, further increases in
concentration do not yield greater
rates of bacterial killing.4 Figure 1 illus-
trates the concentration-independent
bactericidal activity concept for ticar-
cillin, tobramycin, and ciprofloxacin
against P aeruginosa.

Based on in vitro data, PD models
have been developed during the past
decade and utilized to assist with the
prediction of clinical effectiveness for
a variety of antimicrobials, most
notably the β-lactams, aminoglyco-
sides, and the fluoroquinolones. For
the fluoroquinolones, the area
under the concentration-time
curve:MIC (AUC/MIC) ratio is wide-
ly regarded as the PD parameter
which is most predictive of bacteri-
cidal activity and survival in in vivo
models of infection and clinical out-
comes in humans (Figure 2).5 As a
result of in vitro modeling data and
the apparent clinical success of the
newer respiratory fluoroquinolones
(ie, grepafloxacin, sparfloxacin, lev-
ofloxacin, gatifloxacin) in clinical
practice, a target AUC/MIC of
approximately 40 may be reason-
able for community-acquired infec-
tions in persons with normal host
defenses.6 Figure 3 illustrates the
range of fluoroquinolone AUC/MIC
ratios for Streptococcus pneumoni-
ae, which are anticipated based on
available PK and microbiologic pro-
files of the selected agents.6

The AUC/MIC ratio for cipro-
floxacin is minimal, and the expo-
sure provided is fairly limited.
These data are consistent with clin-
ical experience showing that
ciprofloxacin is not very effective
against S pneumoniae and therefore
is not a preferred treatment for this
commonly occurring community-
acquired RTI pathogen.7-9 The use of
levofloxacin 500 mg once daily has
raised some concern among clini-
cians because more than 20% of

patients using this drug may achieve
less than adequate AUC/MIC ratios.
Nevertheless, levofloxacin is clinically

Figure 2. Pharmacodynamic Interactions: Integration of
Pharmacokinetics and Microbiologic Activity
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Figure 3. Pharmacodynamic Profile of Selected
Fluoroquinolones Against Streptococcus pneumoniae
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effective among many older patients
because their age-related reductions
in the drug’s elimination has resulted
in sufficiently high AUC/MIC values.10

However, the full advantage of
agents with AUC/MIC values far in
excess of 40 is limited by the lack of
comparative trials among compounds
of this class. One study comparing the
clinical efficacy in community-
acquired pneumonia of 2 quinolones,
gatifloxacin and levofloxacin, demon-
strated that although the clinical suc-
cess among the agents was very
similar, eradication of the pneumo-
cocci may be considerably different
(Figure 4).11 Even though compara-
tive data regarding these 2 com-
pounds are limited by the sample
size of proven pneumococcal infec-
tion, the microbiologic eradication
rate of gatifloxacin 100% (12/12)
appears to be substantially greater
than levofloxacin 81% (13/16).
Prediction is based on the PD profile
of these 2 fluoroquinolones for this
organism. These data suggest that
the improved PD profile of gati-
floxacin leads to higher pneumococ-
cal eradication and minimizes the
potential for the development of
resistant isolates.

For the β-lactams and macrolides
(eg, erythromycin and clarithro-
mycin), in vivo animal and clinical
outcome data suggest that the PD para-
meter most closely related to outcome
is the time the serum concentration
remains above the MIC (time [T] >
MIC).1, 12-15 More specifically, in otitis
media, the PD indices of T > MIC and
the middle ear fluid:MIC ratio appear
to predict bacteriologic efficacy with
similar accuracy. These same data
reveal that adequate bacterial killing is
present when the T > MIC in serum is
maintained for 40% to 50% of the dos-
ing interval for these agents.15

Macrolide PD at Infection Site
The similar distribution character-

istics in serum and interstitial fluid for
the β-lactams explains the PD rela-

Figure 4. Clinical Outcome and Microbiologic Eradication
Rates: Gatifloxacin or Levofloxacin for the Management of CAP
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Figure 5. Pharmacodynamic Profile of Clarithromycin and
Azithromycin in an H. influenzae Pulmonary Infection Model:
Day 3 of Therapy
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tionship between the duration of
exposure in serum and the magnitude
of the bactericidal effect. However,
the macrolide distribution profile is
somewhat different, as macrolides
tend to concentrate not only within
the interstitial space but also within
the intracellular space. This differ-
ence in antimicrobial distribution and
its effects on an agent’s in vivo bacte-
ricidal activity are evident in the data
of Alder et al.16 In this study the inves-
tigators evaluated the in vivo bacteri-
cidal activity of clarithromycin and
azithromycin in a rat model of
Haemophilis influenzae pneumonia
by assessing the reduction in the bac-
terial density of the lung. Although
the overall drug exposure (ie,
AUC/MIC) in the lung is quite similar
between the 2 agents, clarithromycin
has a more profound bactericidal
effect after 3 days of therapy (Figure
5). This difference in the observed
bactericidal effect may be related to
the differing distribution characteris-
tics of the agents: Clarithromycin is
distributed into both the interstitial
and intercellular space. Azithromycin
is sequestered in the intracellular
space and is unavailable to exert its
maximal bactericidal activity on the H
influenzae that predominately reside
in the interstitial space. By day 7, the
reduction in bacterial density within
the lung is similar for the 2 agents,
presumably as a result of intracellu-
larly sequestered azithromycin
released back into the interstitial
space. Although the difference in the
distribution characteristics of clar-
ithromycin and azithromycin appears
to have a profound effect on the rate
of bacterial killing in this in vivo
model, additional studies are required
to determine if observation will corre-
late to an improvement in the rate of
response for patients undergoing clar-
ithromycin treatment. 

Current understanding of antimi-
crobial PD can also assist with the
explanation of the obvious in vitro
and in vivo paradigm regarding the

macrolide antibiotics and the pneu-
mococci. Despite the apparent wide-
spread emergence of macrolide-
resistant S pneumoniae, the clinical
efficacy of clarithromycin has been
essentially unchanged.17

A recent surveillance study (see
Brueggemann and Doern article in
this supplement) indicated that the
incidence of macrolide-resistant S
pneumoniae has increased. Current
rates of resistance approach 26%, as
currently defined by the National
Committee for Clinical Laboratory
Standards. However, macrolide resis-
tance is not one entity as generally
defined but the result of 2 very differ-
ent mechanisms of resistance. In the
United States, the more prominent of
the 2 mechanisms is a result of the
efflux pump encoded by the mefA
gene and appears to account for
approximately 75% of macrolide resis-
tance observed in S pneumoniae.18

Although this mechanism can pro-
duce MICs ranging from 1 to 32
µg/mL, modal MIC values are general-
ly 2 to 4 µg/mL. The other mechanism
that accounts for the remaining
macrolide-resistant isolates is mediat-
ed by the production of a ribosomal
methylase, resulting in MIC values ≥
64 µg/mL.

However, resistance is an epidemi-
ologic phenomenon. The clinical
effectiveness of an antimicrobial is
the result of not only its degree of sus-
ceptibility but also the amount of
antibiotic that reaches the organism.
Although the issue of macrolide resis-

The clinical effectiveness of an antimicrobial
is the result of not only its degree of suscepti-
bility but also the amount of antibiotic that
reaches the organism. 
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tance has been considered, drug
exposure at the site of infection must
also be taken into account. Drug con-
centration at the site of pulmonary
infection can be assessed by measur-

ing the concentration of antibiotic in
the epithelial lining fluid (ELF) of
patients undergoing bronchoscopy.
ELF has been selected for study
because these concentrations may
most closely resemble the concentra-
tion of antibiotic in the interstitial
space (the site of residence for
pathogens such as the pneumococ-
ci).19 As a result of bronchoscopy
studies, such as the one conducted by
Rodvold et al,19 the intrapulmonary
disposition of clarithromycin and
azithromycin is more clearly defined.
As displayed in Figure 6, the intrapul-
monary disposition of these agents is
markedly different when considering
achievable ELF concentrations; con-
centrations at this site generally range
from 34 to 15 µg/mL over the conven-
tional 12-hour dosing interval for clar-
ithromycin. In an attempt to better
define the potential utility of clar-
ithromycin in the wake of its reported
pneumococcal resistance rate, PK and
microbiologic profiles must be inte-
grated at the site of infection. When
this PD profiling is undertaken (Figure
7), it is evident that concentrations at
the site of infection are higher than
most, if not all, of the efflux mediated
resistance. As a result, the effective
resistance rate for clarithromycin is
approximately equal to the estimated
resistance of ribosomal methylation 
(~ 8%). Drug concentrations are well
above the inhibitory levels required for
both the susceptible and efflux mediat-
ed resistant isolates. The discordance
between the incidence of macrolide-
resistant pneumococci and clinical
outcomes is confusing for the practic-
ing clinician, but the utilization of PD
principles yields a reliable explanation
that builds on theory and is supported
by good clinical outcomes with the
compound.

Clinical Application
The challenge of prescribing the

most effective antibiotic for each
patient will increase as resistance
continues to influence both the uti-

Figure 6. Intrapulmonary Disposition of Clarithromycin and
Azithromycin in Patients Undergoing Bronchoscopy
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Figure 7. Clarithromycin Pharmacodynamics at the Infection
Site: Epithelial Lining Fluid
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lization of existing agents and the
development of new therapeutic enti-
ties. In selecting therapies to optimize
bacterial eradication, clinicians
should refer to the PD principles dis-
cussed. The implementation of antibi-
otic therapy utilizing the wrong drug
or the lowest effective dose will likely
nurture the disturbing trend toward
drug resistance. 

Summary
Emerging drug resistance and cost-

effectiveness issues demand that clin-
icians take a comprehensive approach
to management of community-
acquired respiratory infections. The
therapeutic goal when using time-
dependent agents, such as the peni-
cillins, carbapenems, cephalosporins,
and the macrolides, should be the uti-
lization of a dosage that maximizes
the amount of time the antibiotic
level remains above the MIC at the
site of infection. On the other hand,
the appropriate use of concentration-
dependent agents, such as the fluoro-
quinolones, is to maximize the
AUC/MIC ratio while choosing agents
that minimize the toxicodynamic pro-
file to the host.
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