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ommunity-acquired pneumonia (CAP) is the sixth
ost common cause of death in the United States

nd the leading cause of death from infectious dis-
ases. It is associated with significant morbidity and
ortality, and poses a major economic burden to the

ealthcare system. Streptococcus pneumoniae is
he leading cause of CAP. Other common bacterial
auses include Haemophilus influenzae as well as
typical bacteria (Mycoplasma pneumoniae, Chla-
ydia pneumoniae, and Legionella species). In-

reasing resistance to a variety of antimicrobial
gents has been documented in S pneumoniae and

s common in H influenzae as well. Successful em-
iric therapy is paramount to the management of
AP to avoid treatment failure and subsequent as-
ociated costs. Given that resistance is increasing
mong respiratory pathogens, and S pneumoniae is
he most common etiologic agent identified in CAP,
trategies for antimicrobial therapy should be based
n the likely causative pathogen, the presence of
isk factors for infection with resistant bacteria, and
ocal resistance patterns. Am J Med. 2004;117(3A):
9S–50S. © 2004 by Elsevier Inc.
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ommunity-acquired pneumonia (CAP) is a com-
mon infection that is potentially life threatening,
especially in older adults and those with comor-

id disease.1 CAP is the sixth most common cause of
eath in the United States, and the leading cause of death

rom infectious diseases.2 In the United States, there are
pproximately 10 million physician visits annually for 3
o 4 million cases of CAP; nearly 500,000 adults are hos-
italized and 50,000 die each year.3,4 The prognosis of
AP ranges from rapid recovery without functional im-
airment to serious complications and death. Mortality

rom CAP is approximately 14% in hospitalized (nonse-
ere) patients but �1% in outpatients.5,6 In addition,
ospitalization determines the intensity of laboratory
valuation and antimicrobial therapy and affects overall
ost. The costs associated with the management of CAP in
he inpatient setting are significantly burdensome and

ay be 20 times higher than those associated with outpa-
ient management.7

The overall economic burden of CAP is significant. It
as been estimated that the total cost of treating patients
ged �65 years is $4.8 billion each year (more than half of
he total cost can be attributed to this age group) and $3.6
illion for patients �65 years.8 Most of the direct expense
�$8 billion per year) can be attributed to inpatient costs,
ncluding hospitalization, length of stay, room and
oard, and physician services. Medicare claims data from
995 demonstrate that outpatient costs totaled $119 mil-
ion (patients �65 years) and $266 million (patients �65
ears).

Birnbaum and colleagues9 analyzed healthcare data for
mployees of a national Fortune 100 company to deter-
ine the employer’s expenses for employees with pneu-
onia. The direct and indirect costs were 5 times higher

or patients with pneumonia compared with those who
id not have pneumonia ($11,544 vs. $2,368, respec-
ively). Additionally, 59% of the costs could be attributed
o the 10% of patients who were hospitalized for pneu-

onia. Because of the large economic burden resulting
rom inpatient treatment, therapies that are conducive to
utpatient treatment may likely produce significant sav-

ngs.
Several studies have shown that resistant pneumo-

occal infection in patients who require hospitalization
s associated with increased length of stay,10,11 mor-
ality,10,12,13 and cost of care.10,14 A case-control study in

10
celand from 1988 to 1994 demonstrated increased

1548-2766/04/$22.00 39S
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osts from pneumonia caused by penicillin-resistant
treptococcus pneumoniae (PRSP) based on prolonged
ospitalizations and use of more expensive antimicrobial
gents. Results from a more recent study from 10 New
ork hospitals conducted between 1998 and 2000 dem-
nstrated that PRSP is associated with a longer length of
tay (9.7 days vs. 7.9 days) and greater total direct inpa-
ient costs ($6,262 vs. $4,011).14 Clearly, there are eco-
omic consequences associated with the intensive man-
gement of patients who are infected with strains of S
neumoniae that are resistant to commonly used antimi-
robials.

Observations of antimicrobial resistance and the in-
rease in the number of likely causative pathogens have
ed to challenges in the management of CAP, and clini-
ians should consider these factors when selecting em-
iric therapy. Because the differences in clinical signs and
ymptoms for bacterial and viral etiologies are not clear,
linicians may have difficulty distinguishing between
acterial and viral causes of infection and determining
hether antimicrobial therapy is warranted. Obtaining
ncontaminated specimens from the suspected infection
ite to determine whether the etiology is bacterial is diffi-
ult and rarely done. Even when specimens are obtained,
icrobiological results are inconclusive approximately

0% of the time.15–17

The purpose of this article is to update clinicians on the
tiology of CAP, with an emphasis on the most com-
only identified pathogen, S pneumoniae, identify areas

f increasing concern in the treatment of this infection,
nd provide practical considerations for the appropriate
se of antimicrobial therapy in light of increasing resis-

ance.

ATHOGENESIS OF COMMUNITY-
CQUIRED PNEUMONIA

here are several routes of pathogen acquisition involved
n the pathophysiology of CAP. Aspiration of oropharyn-
eal contents is the most common route of acquisition
ut is often considered to be a subclinical aspiration.18

his should not be confused with aspiration pneumonia,
hich has an anaerobic etiology. The pathophysiology of
0% of pneumonias involves organisms that descend
rom the oropharynx into the lower respiratory tract.
ther routes of pathogen acquisition include inhalation

nd spread along mucous membranes (viruses), hema-
ogenous spread (Staphylococcus), and contiguous spread.18

Most people aspirate while sleeping, and some oropha-
yngeal secretions enter the lower respiratory tract, but
ecause of a variety of defense mechanisms that exist in
he airways (predominantly anatomical barriers [e.g., cil-
ary action]), most aspirated material has no clinical con-
equence. So the question arises: When does aspiration

esult in clinical pneumonia? Alterations in anatomical c

0S August 2, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume
arriers, such as impaired ciliary action and affected in-
ammatory mucus production of the upper airways, can
ccur after viral infection, predisposing the lower airways
o pneumonia. Also, impairment in the normal immune
ystem, either in humoral or cell-mediated immunity, or
hagocytic function, could result in organisms becoming
athogenic in the lower respiratory tract. Pneumonia
sually occurs when there is a breakdown in the normal
ost defenses, when the organisms are extremely virulent,
r when a large inoculum is introduced. In patients who
xperience recurrent episodes of pneumonia, certain im-
une system defects (i.e., human immunodeficiency vi-

us [HIV] or immunoglobulin G deficiency) should be
onsidered. Pneumococcal pneumonia and most other
acterial pneumonias are bacterial infections that occur
econdary to viral infections in patients with damaged
ost defenses. Therefore, viral infection is a significant

actor leading to many secondary bacterial infections.18,19

icrobiology and Etiology
any studies have examined the etiology of CAP. Virtu-

lly all studies in a compilation of 15 trials showed that S
neumoniae was the most common pathogen (20%– 60%
f cases), followed by Haemophilus influenzae (3%–10%)
Table 1).20 The atypical pathogens (Mycoplasma pneu-
oniae, Chlamydia pneumoniae, and Legionella pneumo-

hila) were variably implicated depending on the study,
nd viruses have become more appreciated as a common
ause of pneumonia in adult patients. Other less common
onsiderations (e.g., tuberculosis, Pneumocystis carinii, Q
ever, fungi, and severe acute respiratory syndrome–asso-
iated coronavirus) exist, and clinicians should also con-
ider these new and emerging pathogens as potential

able 1. Etiologic Agents in Community-Acquired Pneumo-
ia*

tiologic Agents Cases (%)

acteria
Streptococcus pneumoniae 20–60
Haemophilus influenzae 3–10
Moraxella catarrhalis 1–2
Staphylococcus aureus 3–5
Other gram-negative species 3–10

typicals
Mycoplasma spp 1–6
Chlamydia spp 4–6
Legionella spp 2–8

iruses 2–15
spiration pneumonia 6–10
o diagnosis 30–60

Other considerations include tuberculosis, Pneumocystis carinii pneu-
onia, Q fever, and fungi.
Adapted with permission from N Engl J Med.20
auses of pneumonia.

117 (3A)
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The majority of studies that have evaluated the etiology
f CAP have consisted of patients in the hospital, where

aboratory processes are more likely to be available for
iagnosis. However, half of these cases still did not have
efined etiologies. When patients were stratified by dis-
ase severity (ambulatory, hospitalized [nonsevere], and
ntensive care unit [ICU] [severe]), S pneumoniae was the

ost common cause of CAP among patients in all set-
ings (Table 2).1

A study of 2,776 adult patients hospitalized with CAP
n 2 counties in Ohio compared the incidence of etiologic
gents based on patient age.4 As shown in Figure 1, the

Table 2. Etiology of Community-Acquired P
of Incidence)

Ambulatory Patients Hospitaliz

● Streptococcus pneumoniae ● S pneum
● Mycoplasma pneumoniae ● M pneum
● Haemophilus influenzae ● C pneum
● Chlamydia pneumoniae ● H influen
● Respiratory viruses ● Legionell

● Aspiratio
● Respirato

ICU � intensive care unit.
Adapted from Lancet.1

igure 1. Age-specific rates of community-acquired pneumo
rch Intern Med.4)
ncidence of CAP requiring hospitalization caused by S p

August 2, 200
neumoniae, M pneumoniae, or L pneumophila increases
ith age. A study from Spain17 demonstrated that in pa-

ients without a defined etiology, the use of transthoracic
eedle aspiration changed the rank order of bacteria that
ause CAP compared with the use of routine culture and
erologic means (Table 3). Specifically, S pneumoniae be-
ame more frequently identified and prevalent than M
neumoniae, and more cases of H influenzae were identi-
ed. The use of more aggressive techniques of pathogen

dentification (skin and needle aspirates and molecular
iological techniques [polymerase chain reaction]) im-
roved diagnostic accuracy, and needle aspiration led to a

onia by Disease Severity (Descending Order

on-ICU) ICU (Severe)

● S pneumoniae
e ● Legionella spp

● H influenzae
● Other gram-negative bacilli
● Staphylococcus aureus

ruses

used by specific pathogens. (Reprinted with permission from
neum

ed (N

oniae
onia

oniae
zae

a spp
n
ry vi
nia ca
ositive microbial diagnosis in 83% of patients compared

4 THE AMERICAN JOURNAL OF MEDICINE� Volume 117 (3A) 41S
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ith 50% causality when conventional testing was used.
owever, it is unlikely that the use of transthoracic needle

spiration will become routine practice.
Two recent studies evaluated the etiology of mild (am-

ulatory) CAP. The most common pathogens identified
ere S pneumoniae, M pneumoniae, Chlamydia spp, and
iruses (mostly influenza).15,21 Mycoplasma was most
ommon for patients �50 years and without significant
omorbid conditions or abnormality of vital signs,
hereas S pneumoniae was the most common pathogen

or older patients or those with significant underlying
isease.21

isk Factors for CAP
everal populations are at risk for developing CAP, in-
luding people who are very young (�6 years) or elderly
�65 years), those who smoke, or those with comorbid
llness (e.g., chronic obstructive pulmonary disease
COPD], diabetes mellitus, renal insufficiency, chronic
iver disease, heart failure, coronary artery disease,
hronic neurologic disease, or malignancy).7 In many
ases, these comorbidities may affect the host defense
echanisms previously mentioned. Thus, any person
ith �1 of these risk factors should be considered for
icrobiologic diagnosis and/or empiric therapy with a

road-spectrum antimicrobial to minimize the chance of
reatment failure.

Patients with COPD are particularly at risk for devel-
ping pneumonia. The clinical manifestations of an acute
xacerbation of COPD from pneumonia in such patients
an be similar. In 1 study of patients admitted to the hos-
ital for acute exacerbations, 10% to 16% were found to
ave pneumonia.22 Of note, although H influenzae is the
ost common cause of bacterial exacerbation of COPD,

he most common pathogen identified as the cause of the
neumonia was S pneumoniae. Those patients with pneu-

Table 3. Etiology of Community-Acquired
and Needle Aspirates of 109 Patients

Conventional Testing (N � 54)

Etiologic Agent %

Mycoplasma pneumoniae 35
Chlamydia pneumoniae 17
S pneumoniae 17
Influenza 9
Chlamydia psittaci 7
Mycoplasma tuberculosis 6
P carinii 6
Coxiella burnetii 4
Defined etiology 50

Reprinted with permission from Am J Med.17
u

2S August 2, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume
onia tended to be more hypoxemic, have higher fever
nd more abrupt onset, and have a higher admittance rate
o the ICU. These patients often required mechanical
entilation and had higher mortality and longer hospital
tays.22–24

linical Presentation of Pneumonia
ecause bacteriologic data may not be available for some

ime, if at all, a diagnosis of pneumonia is typically made
ased on clinical signs and symptoms. Patients may
xperience changes in body temperature (hypothermia
r fever), rigors, sweats, cough (with or without pro-
uction of sputum), alterations in color of respiratory
ecretions, chest discomfort, or dyspnea. Nonspecific
ymptoms including fatigue, myalgia, abdominal pain,
norexia, and headache also may be present.25 In addi-
ion to the assessment of physical findings through rou-
ine examination, a chest x-ray is essential to differentiate
neumonia from other causes of symptoms and for as-
essing disease severity, and is strongly recommended in
ecent CAP guidelines.19,25

neumococcal Pneumonia
neumococcal pneumonia comprises two thirds of all
ases of bacterial pneumonia and is the most common
ause of morbidity in patients with CAP.7 Because pneu-
ococcal pneumonia is the most common form of CAP,

mpiric antimicrobial therapy must provide coverage of
pneumoniae, considering penicillin-resistant strains. As
ith other causes of pneumonia, patients who may have a
redisposition to pneumococcal infection include those
ho are young, old, Native American, smokers, or have

ickle-cell disease, Hodgkin disease, myeloma, HIV,
splenia, or alcoholism. Those who have abnormalities of
mmunoglobulin production or response to capsular
olysaccharide may also be at greater risk and may be
redisposed to this form of pneumonia. In addition to
he aforementioned risk factors, patients who are partic-

monia Determined by Conventional Testing

Plus Needle Aspirate (N � 90)

Etiologic Agent %

Streptococcus pneumoniae 30
M pneumoniae 22
C pneumoniae 13
Pneumocystis carinii 8
Haemophilus influenzae 7
Influenza 6
M tuberculosis 4
C psittaci 4
Defined etiology 83
Pneu
larly at risk for infection with PRSP include those who

117 (3A)
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ave received recent antimicrobial therapy (in the past 3
onths), attend daycare, or are immunodeficient, insti-

utionalized, or have been recently hospitalized.26

For severe cases or for those not responding to empiric
reatment, the use of a protected specimen brush or
ransthoracic needle aspiration may be considered in an
ffort to identify the causative pathogen or pathogens.
or the most part, it is not reliable practice to differentiate
atients with different etiologic agents based on clinical
anifestations alone, which is an important consider-

tion when selecting empiric therapy.

REDICTORS OF MORTALITY

n patients who develop pneumonia, there are certain

able 4. Predictors of Increased Mortality in Community-
cquired Pneumonia

Male sex
Tachypnea
Hypothermia
Diabetes mellitus
Neoplastic disease
Neurologic disease
Leukopenia
Bacteremia
Multilobar infiltrates

dapted from JAMA.6

able 5. Meta-Analysis Results of 127 Study Cohorts for
auses and Mortality of Community-Acquired Pneumonia by

nfectious Agent

tiologic Agent
No. of Studies)

Patients
(N)

Mortality
(%)

Deaths
(N)*

treptococcus pneumoniae (59) 4,432 12 545
aemophilus influenzae (27) 833 7.4 62
ycoplasma pneumoniae (22) 507 1.4 7
ixed bacteria (10) 301 23.6 71

egionella† spp (20) 272 14.7 40
iruses‡ (32) 197 4.1 8
oxiella burnetii (7) 182 0.5 1
taphylococcus aureus (25) 157 31.8 50
lebsiella spp (12) 56 35.7 20
hlamydia pneumoniae (2) 41 9.8 4
hlamydia psittaci (8) 32 0 0
seudomonas aeruginosa (6) 18 61.1 11
scherichia coli (6) 17 35.3 6
roteus spp (3) 12 8.3 1
treptococcus spp (types A and

D) (3)
6 16.7 1

nknown (27) 11,229 12.8 1,437

Calculated.
† Legionella includes L pneumophila and L micdadei.
‡ Viruses include influenza A and B viruses, parainfluenza virus,

espiratory syncytial viruses, and adenovirus.
Adapted with permission from JAMA.6
arameters that predict more severe consequences, par- U

August 2, 200
icularly mortality. There are several factors that may in-
rease mortality from CAP (Table 4). The 1 finding that
as been associated with decreased mortality is pleuritic
hest pain, which may have alerted patients to the pres-
nce of a problem and prompted them to seek treatment
arly.6

Mortality also has been associated with CAP etiology.
n a meta-analysis of 127 reports of CAP published in the
nglish language between 1966 and 1995, mortality rates
ere highest with gram-negative bacilli (Pseudomonas
eruginosa, 61.1%; Klebsiella species, 35.7%; Escherichia
oli, 35.3%) and Staphylococcus aureus (31.8%). How-
ver, the prevalence of these bacteria is much lower than
hat of S pneumoniae, which accounted for two thirds of

7,000 cases in which an etiologic diagnosis was made
nd also accounted for the majority of CAP cases result-
ng in death (Table 5).6 Low mortality rates were reported
ith Coxiella burnetii (0.5%) and M pneumoniae (1.4%),
hereas S pneumoniae had a mortality rate of 12.3%,
hich approached the average mortality of 13.7%. The
umber of deaths from pneumococcus far surpass the
umber for other pathogens. Not only is S pneumoniae

he most common cause of pneumonia, it is also the most
ommon cause of death from pneumonia.

NEUMOCOCCAL RESISTANCE

istorically, clinicians prescribed �-lactams or other an-
imicrobials for empiric treatment of CAP with little con-
ern about the susceptibility of the suspected pathogen to
he chosen antimicrobial. However, during the past de-
ade there has been an increase in antimicrobial resis-
ance of the most common bacterial pathogens of CAP,
specially S pneumoniae.27 In the United States, 29.6% of

influenzae isolates and �90% of Moraxella catarrhalis
solates currently produce �-lactamase, resulting in resis-
ance to penicillins and many cephalosporins.28 More
isturbing, however, is the increasing rate of resistance
nd level of resistance among S pneumoniae. The first
eports of clinical resistance of S pneumoniae to penicillin
ppeared in the 1960s, nearly 20 years after the introduc-
ion of penicillin G.29 In the 1970s, pneumococcal resis-
ance to penicillin and other antimicrobials was docu-

ented in South Africa, and in the 1980s, pneumococcal
esistance was reported in many European, African, and
sian countries.29 In the United States, few strains of
RSP were recovered in a surveillance program con-
ucted by the Centers for Disease Control and Prevention
CDC) in the 1980s.30 However, a sharp increase in the
revalence of PRSP occurred in the United States in the
arly 1990s (Figure 2) (G. V. Doern, personal communi-
ation, December 2002). The results of antimicrobial sur-
eillance studies demonstrate that the prevalence of pen-
cillin-nonsusceptible S pneumoniae (PNSP) in the
nited States was approximately 18% in 1990 to 1991

4 THE AMERICAN JOURNAL OF MEDICINE� Volume 117 (3A) 43S
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nd almost 25% by 1994 to 1995 (G. V. Doern, personal
ommunication, December 2002). In a study conducted
n the winter of 1999 to 2000, 34.2% of S pneumoniae
solates (N � 1,531) were not susceptible to penicillin.31

imilar trends of increasing S pneumoniae resistance to
enicillin have been observed worldwide.28,29,32–38

Of particular concern when selecting an appropriate
ntimicrobial treatment for CAP are the increasing
revalences of high-level resistance and multidrug resis-
ance that have been documented with S pneumoniae.
igh-level penicillin resistance (i.e., penicillin minimum

nhibitory concentration [MIC] �2.0 �g/mL) among S
neumoniae has increased to a greater degree during the
ast 10 years than has intermediate resistance (MIC be-
ween 0.12 and 1.0 �g/mL) (Figure 2) (G. V. Doern, per-
onal communication, December 2002). In addition to
enicillin resistance, isolates of S pneumoniae have
emonstrated increasing resistance to other classes of
ntimicrobials, including macrolides, tetracyclines, tri-
ethoprim-sulfamethoxazole (TMP-SMX), and fluoro-

uinolones.28 In the United States, the prevalence of
esistance to newer macrolides (e.g., azithromycin, clar-
thromycin) among S pneumoniae isolates is similar to
hat of erythromycin (approximately 24%).28 The ob-
ervations regarding macrolide/azalide resistance have
een coupled with recent reports of clinical failures
ith azithromycin and clarithromycin in pneumococcal
neumonia and bacteremia.39 – 42

Resistance to fluoroquinolone antimicrobials also has
ncreased in recent years. Between 1995 and 1997, resis-
ance to ofloxacin increased from 2.6% to 3.8% in isolates
btained from the Active Bacterial Core Surveillance Pro-
ram of the CDC.43 Furthermore, data from the 1998 to
000 Alexander Project demonstrate that 6.7% of S pneu-
oniae isolates in the United States are resistant to

floxacin.28 The prevalence of pneumococcal isolates in
anada with reduced susceptibility to fluoroquinolones

ncreased from 0% in 1993 to 1.7% in 1997 to 1998.44 In
recent Canadian study of S pneumoniae respiratory iso-

ates in elderly patients (�65 years), Tang and col-
eagues45 reported resistance rates of 4.3% to levofloxa-
in. Similarly, resistance to fluoroquinolones in Hong
ong increased during a 3-year period from �0.5% for
floxacin to 5.5% for levofloxacin.46 Fluoroquinolone re-
istance has manifested clinically as recent reports of
evofloxacin treatment failure in patients with levofloxa-
in-resistant S pneumoniae infection.47–53

Cross-resistance has further complicated selection of
ntimicrobial therapy. Multidrug resistance and cross-
esistance to other antimicrobials are common with S
neumoniae. Among 2,432 outpatient S pneumoniae re-
piratory isolates evaluated in a recent surveillance pro-
ram in the United States, 62.9% were susceptible to pen-
cillin, 12% were intermediately resistant, and 25% were

28
ighly resistant. Of S pneumoniae isolates that were in- g

4S August 2, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume
ermediately or fully resistant to penicillin, 49.8% and
2.4%, respectively, also were resistant to macrolides/
zalides. Another study evaluated patterns of resistance
rom isolates from 1,703 patients with pneumococcal
neumonia.54 Of the isolates that were susceptible to
enicillin, 3% and 6% were resistant to erythromycin and
MP-SMX, respectively. Among penicillin-resistant iso-

ates, 40%, 60%, and 90% were resistant to cefotaxime,
rythromycin, and TMP-SMX, respectively.

rivers of Resistance
actors that may drive resistance include antimicrobial
onsumption, particularly antimicrobial use in the past 3
onths, inappropriate use of antimicrobials (e.g., subop-

imal dosages), clonal spread of multidrug-resistant
trains, and presence of comorbidities. Antimicrobial
rescribing habits affect resistance patterns in that anti-
icrobial overuse contributes to resistance.44,55–57 A

tudy from Spain demonstrated that an increase in the
se of penicillin was associated with an increase in peni-
illin-nonsusceptible isolates (Figure 3).55 Hyde and
olleagues56 demonstrated that the use of macrolides in
hildren was associated with an increase in macrolide re-
istance. Similarly, Chen and colleagues44 showed that an
ncrease in the use of ciprofloxacin in Canada correlated
ith emergence of ciprofloxacin resistance among pneu-
ococci. Results from Hong Kong demonstrate that pa-

ients previously exposed to fluoroquinolones were 10.6
imes more likely to acquire levofloxacin-resistant iso-
ates of S pneumoniae.46

Recent and inappropriate use of antimicrobials also are
ndependent risk factors for development of resis-
ance.57,58 In a study by Guillemot and colleagues,58

-lactam use within the previous 30 days (odds ratio
OR], 3.0; confidence interval [CI], 1.1– 8.3), doses lower
han clinically recommended (OR, 5.9; CI, 2.1–16.7), and
reatment for �5 days (OR, 3.5; CI, 1.3–9.8) were identi-
ed as risk factors for penicillin-resistant pneumococcal
asopharyngeal carriage. A recent study by Yu and col-

eagues59 evaluated the clinical relevance of bacteremic
neumococcal pneumonia and the underlying factors as-
ociated with the development of resistance. The 2 factors
hat were shown to be independently associated with re-
istance on multivariate analysis were underlying disease
i.e., heart, liver, renal, or lung disease, or diabetes) (OR,
.1; P �0.0001) and prior antimicrobial therapy (OR, 1.9;
�0.0091).
When strains of bacteria develop resistance, the resis-

ance can spread, especially in the presence of extensive
se of antimicrobials. A total of 90% of all drug-resistant
pneumoniae (DRSP) strains in the United States are

aused by 5 different serotypes, and the dominant factor
f emergence of PRSP in the United States has been the
esult of human-to-human spread of a few clonal

60
roups.
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linical Relevance of Penicillin-Resistant
pneumoniae

he clinical relevance of DRSP in meningitis is well un-
erstood. We know that adequate antimicrobial concen-
rations in the cerebrospinal fluid (CSF) must be attained
o kill bacteria at that site, and that high concentrations
an overcome low levels of resistance. Penicillin break-
oints have been defined based on CSF concentrations in
hich an MIC of �0.06 �g/mL is considered susceptible,

igure 2. Trends in penicillin resistance among Streptococcus
solates. MIC � minimum inhibitory concentration. (Courtesy

Figure 3. Increasing Streptococcus pneum
penicillin. (Reprinted with permission from
n MIC of 0.12 to 1.0 �g/mL is intermediate, and an MIC p

August 2, 200
f �2 �g/mL is resistant.61 In CAP, the clinical relevance
f resistance has been less well understood until recently.
ata on mortality rates from penicillin-susceptible versus
-lactam–resistant S pneumoniae are conflicting. Some

tudies controlling for potential confounding factors
e.g., age, underlying disease, severity of illness) have not
hown a difference in mortality between patients with
enicillin-susceptible pneumococci and those with
RSP.59 However, it is difficult to study the adverse im-

moniae in the United States. *Number of centers contributing
. V. Doern, personal communication, December 2002.)

resistance in response to increased use of
timicrob Chemother.55)
pneu
of G
oniae
J An
act of drug resistance on clinical outcomes for patients
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ith pneumococcal pneumonia if patients are receiving
ntimicrobial therapy to which isolates are susceptible.62

urthermore, many studies include S pneumoniae isolates
ith intermediate susceptibility to penicillin, which may
ot be as clinically relevant with regard to patient out-
omes in CAP as infection with highly resistant (MIC �4
g/mL) isolates.
Numerous studies conducted before 2000 were unable

o consistently show a correlation between mortality and
esistance, or demonstrate that penicillin resistance is
linically relevant (i.e., associated with clinical failures).
owever, most of those studies included isolates with

ntermediate susceptibility in the resistant group; in other
ords, there was a resistant group, which was a nonsus-

eptible group, and a susceptible group. In fact, before
000, two thirds of the resistant groups included isolates
hat had intermediate susceptibility.

In a prospective, 10-year study in Spain,63 mortality
as not correlated with resistance even though resistance

o penicillin, cephalosporins, and erythromycin in-
reased during the study period. In contrast, several stud-
es have shown a significant association between mortal-
ty and high-level penicillin resistance (MIC �4 �g/mL)
n S pneumoniae.12,13,62 In a study from the CDC, inves-
igators found that after hospital day 4, the risk of death
as 7 times greater in patients infected with high-level
RSP (MIC �4.0 �g/mL [OR, 7.1; 95% CI, 1.7–30.0])

han in patients infected with intermediate isolates (MIC
.012–1.0 �g/mL [OR, 1.0; 95% CI, 0.3–3.0]).12 How-
ver, treatment and severity of disease were not recorded.
imilarly, another study demonstrated that penicillin re-
istance (MIC �2.0 �g/mL) was an independent predic-
or of mortality in patients with pneumococcal bactere-

ia.13 In a trial of 192 patients, medical outcomes (in-
ospital mortality, medical complication rates, and time
o clinical stability) in patients with bacteremic pneumo-
occal pneumonia caused by penicillin-susceptible
trains of S pneumoniae were compared with those in pa-
ients infected with PNSP.62 Compared with patients in-
ected with penicillin-susceptible strains, patients in-
ected with PNSP (MIC �0.12 �g/mL) had a greater risk
f in-hospital death from pneumonia (relative risk [RR],
.1; 95% CI, 1– 4.3) (Figure 4). In addition, the risk of
uppurative complications of infection was increased in
atients infected with PNSP (RR, 4.5; 95% CI, 1.0 –19.3).
owever, after adjustment for baseline differences in se-

erity of illness, only the risk of suppurative complica-
ions of infection remained statistically significant (ad-
usted RR, 4.8; 95% CI, 1.2–18.8). A national,
rospective, observational study of 844 patients reported
imilar results with 15% of isolates that were intermedi-
tely resistant and only 10% resistant to penicillin. This
epresents a different ratio of intermediate to resistant
solates (15% intermediate susceptibility [MIC 0.12–1

59
g/mL] to 9.6% resistant [MIC �2 �g/mL]) than exists “

6S August 2, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume
n the United States, where there is more high-level resis-
ance than intermediate resistance (12% intermediate
usceptibility, 25% resistant).28 In this study, an associa-
ion was identified between age, severity of illness, and
omorbidity, but not with whether the isolates were
RSP. Similar results were found in the follow-up, case-
ontrol study of patients with bacteremic pneumococcal
neumonia,64 which addressed the limitations of the trial
y Feikin and colleagues12 and controlled for risk factors,
everity, and treatment. The findings from this multivar-
ate analysis showed no contribution of antimicrobial re-
istance to mortality or requirement for ICU, but deter-

ined that more important predictors of outcome
ncluded severity of illness and whether there was a “do
ot resuscitate” order on the patient’s chart.

REATMENT CONSIDERATIONS FOR
NTIMICROBIAL-RESISTANT
NEUMOCOCCAL COMMUNITY-
CQUIRED PNEUMONIA

n light of increasing antimicrobial resistance among S
neumoniae and other common respiratory pathogens,
hysicians must consider local epidemiologic resistance
atterns, patient risk factors for infection with drug-re-
istant pathogens, and the likely infecting pathogen when
electing appropriate therapy. Strategies for therapy of
AP must take into account the fact that S pneumoniae is

he most common etiologic agent in the ambulatory, hos-
ital (non-ICU), and severe (ICU) setting. In general,
mpiric therapy for all cases of CAP should cover the key
espiratory pathogens and the atypical pathogens.

Several guidelines for the treatment of CAP have been
eveloped to aid physicians in selection of appropriate
herapy. The guidelines from the Infectious Diseases So-
iety of America (IDSA) emphasize pathogen-directed
reatment when there is a strongly suspected or deter-

ined etiology.7,19 Empiric antimicrobial therapy should
onsider severity of illness, likely etiologic agent, resis-
ance patterns among S pneumoniae (the most commonly
dentified pathogen), and comorbidities.19 It is important
o stratify patients for appropriate use of antimicrobials
Table 6). For patients without significant comorbidities
r recent use of antimicrobials, a macrolide or doxycy-
line is preferred. However, for patients at greater risk for
RSP, a respiratory fluoroquinolone or combination

herapy with a �-lactam plus a macrolide (for “atypical”
overage) is recommended. The preferred �-lactam listed
s high-dose amoxicillin (either as amoxicillin 3 g/day or
moxicillin-clavulanate 2 g b.i.d.). Similarly, the guide-
ines from the American Thoracic Society25 suggest em-
iric therapy based on the likely infecting pathogens.
ombination therapy with oral �-lactams, such as cefpo-
oxime, cefuroxime, high-dose amoxicillin, or amoxi-
illin-clavulanate, plus a macrolide or doxycycline for

atypical” coverage, or monotherapy with a respiratory
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uoroquinolone are indicated in outpatients with cardio-
ulmonary disease (congestive heart failure or COPD)
nd/or other modifying factors that place them at risk for

Figure 4. Outcomes for 192 hospitalized
tistically significant, unadjusted for other ri
the only outcome with significant differenc
tensive care unit; RR � unadjusted rela
(Adapted from Clin Infect Dis.62)

Table 6. Empiric Antimicrobial Therapy R
Acquired Pneumonia in Immunocompeten
the Infectious Diseases Society of America

Patient Variable

Previously healthy
No recent antibiotic therapy

Recent antibiotic therapy†

Comorbidities (COPD, diabetes
mellitus, renal failure,
congestive heart failure,
or malignancy)

No recent antibiotic therapy

Recent antibiotic therapy

COPD � chronic obstructive pulmonary disease
* Erythromycin, azithromycin, or clarithromy
† The patient was given a course of antibiotic(s) f

the class of antibiotics recently given, a selection m
‡ Moxifloxacin, gatifloxacin, levofloxacin, or gem
§ Azithromycin or clarithromycin.
� Dosage for amoxicillin, 1 g orally t.i.d.; for amo
¶ High-dose amoxicillin or high-dose amoxicillin
Adapted from Clin Infect Dis.19
nfection with DRSP or gram-negative pathogens. o

August 2, 200
Another set of recommendations for CAP developed
y the Drug-Resistant Streptococcus pneumoniae Thera-
eutic Working Group of the CDC emphasize treatment

nts with pneumococcal pneumonia. *Sta-
tors (when adjusted for other risk factors,

as suppurative complications). ICU � in-
risk, Cochran-Mantel-Haenszel statistics.

mendations for Outpatient Community-
ults from the 2003 Updated Guidelines of

Preferred Treatment Options

A macrolide* or doxycycline

A respiratory fluoroquinolone‡ alone
or an advanced macrolide§ plus
either high-dose amoxicillin� or
high-dose amoxicillin-clavulanate�

An advanced macrolide§ or a respiratory
fluoroquinolone

A respiratory fluoroquinolone alone
or an advanced
macrolide plus a �-lactam¶

infection within the past 3 months. Depending on
ade from among the suggested options.

acin.

-clavulanate, 2 g b.i.d.
ulanate, cefpodoxime, cefprozil, or cefuroxime.
patie
sk fac
es w

tive
ecom
t Ad

.
cin.
or any
ay be m

iflox

xicillin
-clav
f the suspected etiology, S pneumoniae, and suggest con-
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ideration of those strains that are resistant to penicil-
in.65 This group recommends an oral �-lactam with
ood pneumococcal coverage (i.e., cefuroxime axetil,
moxicillin, or amoxicillin-clavulanate) for outpatient
reatment of CAP (with the acknowledgment that these
gents are not effective for “atypical” pathogens). Alter-
ative outpatient antimicrobial treatments include a
acrolide or doxycycline. The fluoroquinolones are not

isted by the CDC group as first-line agents because of
oncern about emerging resistance.

A new, pharmacokinetically enhanced extended-re-
ease formulation of the �-lactam/�-lactamase inhibitor
ombination amoxicillin-clavulanate (2,000/125 mg
.i.d.) may be an appropriate therapy for outpatients with
AP, particularly those at risk for infection with S pneu-
oniae isolates that are resistant to penicillin.66 Extend-

d-release amoxicillin-clavulanate provides a time above
he MIC (T�MIC) of 38%, a value that is unattainable
ith older formulations for isolates with penicillin MICs
f �4 �g/mL67 and perhaps up to 8 �g/mL. In addition,
he clavulanate component, because of its ability to in-
ibit �-lactamase enzymes, provides coverage of �-lacta-
ase–producing H influenzae and M catarrhalis, 2 possi-

le causes of CAP. This formulation has been shown to be
ffective against S pneumoniae isolates with MICs of 4
g/mL, with promising results for isolates with MICs up

o 8 �g/mL. Data from 5,531 patients in 9 clinical trials (3
n acute bacterial sinusitis, 4 in CAP, 2 in acute exacerba-
ion of chronic bronchitis) of extended-release amoxi-
illin-clavulanate evaluating the success rate of S pneu-
oniae eradication showed that relative to penicillin
ICs, successful clinical outcomes were noted in 95.2%

f patients when the pathogen isolated had an amoxi-
illin MIC of 4 �g/mL, and good clinical response
as seen with higher MICs (1 of 1 eradication for MIC 8
g/mL and MIC 16 �g/mL). Extended-release amoxi-

illin-clavulanate was 97.7% effective against erythro-
ycin-resistant isolates (42 of 43 isolates tested).68

ONCLUSION

ecause �75% of patients with CAP are treated as out-
atients, clinicians must be cognizant of etiologic agents
f CAP, local antimicrobial sensitivity patterns, and
harmacologic options for empiric therapy. The treat-
ent of CAP has become increasingly complicated over

ime despite the development of newer, broader-spec-
rum antimicrobial agents. S pneumoniae is the most
ommon cause of CAP, and empiric therapies should tar-
et this pathogen, considering drug-resistant isolates of
his species. Even as the list of potential bacteriologic eti-
logies grows, treatment of CAP continues to be empiric
ecause of the difficulties in obtaining uncontaminated
pecimens and differentiating between colonizing bacte-

ia and those causing infection, and because serologic and

8S August 2, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume
ulture results are not rapid and often fail to identify the
ausative pathogen. High rates of bacterial resistance to
ntimicrobials, particularly among S pneumoniae, limit
he available therapeutic options at a time when more
ptions are needed.

Distinguishing between nonbacterial and bacterial eti-
logies of respiratory tract infections (e.g., mild CAP, vi-
al bronchitis) is a major challenge for physicians. Clini-
al distinguishing criteria are not clear, but some markers
nd recommendations are available to guide physicians
n their decision making.69 The judicious prescribing of
ntimicrobial therapy is warranted not only because it is
ood clinical practice, but also because it is necessary to
urtail current patterns of increasing bacterial resistance
o commonly used antimicrobials. The choice of antimi-
robial for a suspected infection of bacterial etiology
hould be made based on likely pathogens for a particular
atient and the likelihood that the organism is resistant.
iven that S pneumoniae is the most common cause of
AP, and penicillin resistance is increasing in this patho-
en, extended-release amoxicillin-clavulanate is an ap-
ropriate antimicrobial in patients with CAP infected
ith known or suspected PRSP. In addition, patient ed-
cation is expected to be of benefit in minimizing the use
f antimicrobial therapy for infections of suspected viral
tiology. As new specimen-sampling techniques and mi-
robiologic detection methods become available, a shift
rom empiric therapy toward pathogen-directed therapy

ay result in improved outcomes and curb antimicrobial
esistance.
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