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Background: The questions of whether the use of antibiotics that are active against atypical
organisms is beneficial in the treatment of community-acquired pneumonia and of the potential
mechanisms of any beneficial effects remain unresolved. Proposed mechanisms include activity
against atypical organisms vs the immunomodulatory effects of these antibiotics. The study of
outcomes of a large cohort of patients with bacteremic pneumonia provides a unique opportunity
to address these questions by excluding patients with primary atypical infection.
Methods: We reviewed data from the charts of 2,209 Medicare patients who were admitted to
hospitals across the United States from either home or a nursing facility with bacteremic
pneumonia between 1998 and 2001. Patients were stratified according to the type of antibiotic
treatment. Multivariate modeling was performed to assess the relationship between the class of
antibiotic used and several outcome variables.
Results: The initial use of any antibiotic active against atypical organisms was independently
associated with a decreased risk of 30-day mortality (odds ratio [OR], 0.76; 95% confidence
interval [CI], 0.59 to 0.98; p � 0.03) and hospital admission within 30 days of discharge (OR, 0.67;
95% CI, 0.51 to 0.89; p � 0.02). Further analysis revealed that the benefits of atypical treatment
were associated with the use of macrolides, but not the use of fluoroquinolones or tetracyclines,
with macrolides conferring lower risks of in-hospital mortality (OR, 0.59; 95% CI, 0.40 to 0.88;
p � 0.01), 30-day mortality (OR, 0.61; 95% CI, 0.43 to 0.87; p � 0.007), and hospital readmission
within 30 days of discharge (OR, 0.59; 95% CI, 0.42 to 0.85; p � 0.004).
Conclusions: Initial antibiotic treatment including a macrolide agent is associated with improved
outcomes in Medicare patients hospitalized with bacteremic pneumonia. These results have
implications regarding the mechanism by which the use of a macrolide for treatment of
pneumonia is associated with improved outcomes. (CHEST 2007; 131:466–473)
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Abbreviations: CI � confidence interval; OR � odds ratio; PSI � pneumonia severity index; ROC � receiver oper-
ating characteristic

A t least 1.3 million people are admitted to the
hospital with pneumonia each year in the United

States,1 and approximately 10% of these patients will
die within 30 days of admission.2 Many questions
remain about the optimum empiric antibiotic treat-
ment of patients with community-acquired pneumo-
nia, as well as the treatment of patients in whom a
causative organism is identified. A major area of
debate is the role of agents that are active against
“atypical” organisms.3 While several observational
studies4–7 have demonstrated improved outcomes
associated with atypical coverage, and pneumonia

treatment guidelines recommend such treatment,8,9

a recent metaanalysis10 and systematic review of
randomized, controlled trials11 failed to demonstrate
an advantage of this practice. Improved outcomes
associated with atypical treatment in patients with
pneumococcal bacteremia have also been report-
ed,12,13 but there is poor understanding of the mech-
anism by which atypical coverage could improve
outcomes when an alternative pathogen is identified.
Possible mechanisms could include treatment of
dual infection with an atypical pathogen such as
Chlamydophila pneumoniae,14 the immunomodula-
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tory effects of macrolide15 and fluoroquinolone an-
tibiotics,16 or the achievement of broader coverage
against unusual or resistant pathogens when these
antibiotics are used in combination with �-lactam
antibiotics.

In order to better understand the effect of atypical
antibiotic coverage in patients who are admitted to
the hospital with pneumonia, we studied the rela-
tionship between the initial antibiotic regimen and
several patient outcomes in a large cohort of Medi-
care beneficiaries who were hospitalized with bacte-
remic pneumonia. The large size of this cohort
provided the unique opportunity to compare the
effects of fluoroquinolones and macrolides. Because
� 60% of the cases in this cohort were patients who
were infected with an organism other than Strepto-
coccus pneumoniae, this analysis also provided the
opportunity to expand on the observations of prior
studies12,13,17 that were limited to patients with
pneumococcal bacteremia.

Materials and Methods

The data analyzed were part of the Medicare National Pneu-
monia Project, which is a component of the Medicare Quality
Improvement Program. Therefore, neither informed consent nor
institutional review board approval were required. Eligible pa-
tients were fee-for-service Medicare beneficiaries who had been
discharged from the hospital between 1998 and 2001 with a
principal diagnosis of pneumonia, and those with a principal
diagnosis of septicemia or respiratory failure and a secondary
diagnosis of pneumonia. Patients included in the study were

admitted to the hospital from either home or a nursing facility.
The details regarding the selection of the cohort used in this
study, the data collection and validation methods have been
previously described in detail.18

Patients with fungemia and those in whom antibiotic therapy
was not initiated within 24 h of arrival to the hospital were
excluded. Patients were defined as bacteremic if a blood culture
drawn within 36 h of presentation to the hospital grew an
organism that was not defined as a contaminant (eg, coagulase
negative staphylococci, Corynebacterium spp other than
jeikeium, Clostridium spp, Micrococcus spp, Propionibacterium
spp, and Bacillus spp).18

Initial atypical antibiotic coverage was defined as the use of
any macrolide, fluoroquinolone, or tetracycline agents within
24 h of hospital arrival. For the comparison of these three agents,
we included patients who received only one of these agents
within 24 h, whether alone or in combination with other antibi-
otics that are not active against atypical organisms. Concordant
antibiotic therapy was defined as initial antibiotic therapy includ-
ing any antibiotic to which the infecting organism was sensitive
based on the microbiology report. Because complete sensitivity
data were lacking for some patients, and the method of abstrac-
tion did not allow us to differentiate between missing data and
antibiotic resistance, antibiotic therapy was defined as being
either concordant or unable to determine. Hospital discharge
destination was defined as either to home or to any other
destination.

Summary statistics were calculated for the abstracted data,
measures of association including univariate odds ratios (ORs)
were obtained, and �2 tests were performed. The relationships
among patient characteristics, antibiotic therapy, and the follow-
ing outcomes were determined by univariate analysis: in-hospital
mortality; 30-day mortality; hospital length of stay; 30-day hospi-
tal readmission rate; and hospital discharge destination. The
analysis of hospital discharge destination was performed only on
patients who were admitted to the hospital from home.

Multivariable logistic regression analysis was performed using
the backward-elimination procedure. If two independent vari-
ables were highly correlated, the variable with the largest vari-
ance was excluded from the multivariable analysis.19 After it was
determined that there was an association between atypical anti-
biotic coverage and several patient outcomes, we attempted to
determine whether the length of time for which atypical coverage
was received correlated with patient outcomes. This was a
problematic analysis, due to the interaction between the length of
time that a patient survived and the length of time for which a
given antibiotic could be received. Stated simply, a patient who
died on hospital day 2 could not receive antibiotics for � 2 days,
and this factor biased the analysis in favor of longer courses of
atypical therapy. This problem was addressed by constructing a
series of models in which patients who received specific lengths
(in days) of atypical therapy were compared to the group of
patients who survived for at least that length of time and had
received no atypical therapy. Because this analysis involved the
creation of multiple models, no valid statistical test of trend could
be performed.20 However, the results can be interpreted on the
basis of face validity.20

The goodness of fit of the multivariable models was tested with
the Hosmer-Lemeshow test,21 which revealed adequate fit for all
models. Receiver operating characteristic (ROC) curves were
constructed by a series of cut points.22 The area under the ROC
curves varied from 0.58 for the 30-day readmission model to 0.78
and 0.77 for in-hospital and 30-day mortality, respectively. All
reported p values are based on two-tailed tests. Statistical
significance was accepted at p � 0.05. Analyses were conducted
using a statistical software package (SAS, version 8.0; SAS
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Institute; Cary, NC). ROC curve analysis was performed using
designated software (AccuROC, version 2.5; AccuROC; Mon-
treal, QC, Canada).

Results

A total of 2,349 episodes of bacteremic pneumonia
from two sampling periods (1998 to 1999 and 2000 to
2001) were considered for inclusion in the study.
Fifty-three episodes were excluded because of miss-
ing data elements, 26 because either an atypical
pathogen or fungemia was identified, and 61 because
antibiotic therapy was not started within 24 h of
admission to the hospital. This left 2,209 cases, 1,140
from the 1998-to-1999 sampling period and 1,069
from the 2000-to-2001 sampling period. Table 1
shows the organisms that were cultured. Table 2
shows the antibiotics that were most commonly used
as monotherapy and in combination during the first
24 h of treatment.

Overall, patients from the two time periods were
quite similar, although there were small but statisti-
cally significant differences with respect to severity
of illness, as well as the percentage of patients who
received antibiotics within 8 h of hospital arrival and
the frequency of atypical antibiotic coverage, both of
which were higher in patients from the 2000-to-2001
sampling period. For all further analyses, the two
groups of patients were combined. The sampling
period for each case was retained as an independent
variable in all modeling to prevent temporal trends
in patient characteristics or treatment patterns from
skewing the study results.

Table 3 demonstrates demographic characteris-
tics, treatment, and selected outcomes of those
patients who did and did not receive atypical cover-
age within 24 h of hospital arrival. Patients who did
not receive atypical coverage were no more likely to
be admitted to the ICU but were slightly older, and
on that basis tended to have a higher pneumonia
severity index (PSI). Patients who received atypical
treatment were more likely to have received two or
more antibiotics and to have received concordant
antibiotic therapy during the first 24 h. There was a
lower crude 30-day mortality rate among the patients

who received atypical therapy, but no statistically
significant differences in the other four measured
outcomes (ie, in-hospital mortality, hospital length of
stay, hospital discharge destination, and hospital
readmission rate).

The multivariable analysis demonstrated that sev-
eral factors were independently associated with at
least one of three outcome measures (Table 4).
Neither hospital length of stay nor hospital discharge
destination were affected by the type of antibiotic
therapy; therefore, no other data are presented
relating to these outcomes. The initial receipt of
antibiotics that are active against atypical organisms
was associated with improved adjusted 30-day mor-
tality rate and 30-day hospital readmission rate.
Other factors associated with at least one improved
outcome were hospital admission source other than a
skilled nursing facility, concordant initial antibiotic
treatment, PSI class, and initial monotherapy.

Severity of illness had only a slight effect on the
likelihood of a patient receiving more than one
antibiotic. Initial treatment with two or more antibi-
otics was received by 62% of patients in PSI class V,
60% of those in PSI class IV, and 56% of those in PSI
classes I to III. The association of single antibiotic
coverage with mortality rates was explored further by
restricting the analysis to PSI class V patients. For
these patients, there was no significant association
between single antibiotic treatment and mortality.

When the effect of atypical coverage was stratified
according to antibiotic class, only macrolides had a

Table 1—Blood Culture Isolates

Pathogens Isolated Patients, No. (%)

S pneumoniae 846 (38)
Staphylococcus aureus 314 (14)
Streptococcus spp (other) 314 (14)
Escherichia coli 300 (14)
Other enteric Gram-negative bacilli 197 (9)
Other 238 (11)

Table 2—Most Common Antibiotics Used as
Monotherapy and in Combination Therapy During the

First 24 h After Hospital Arrival

Therapy Patients, No.

Most common antibiotics used as monotherapy
Levofloxacin 301
Ceftriaxone 270
Cefotaxime 74
Cefuroxime 56
Ampicillin-sulbactam 28
Other monotherapy 156

Total 885
Most common antibiotic combinations

Azithromycin/ceftriaxone 170
Ceftriaxone/levofloxacin 98
Ceftriaxone/clarithromycin 43
Azithromycin/cefotaxime 35
Ceftriaxone/erythromycin 32
Cefotaxime/levofloxacin 26
Azithromycin/cefuroxime 26
Clindamycin/levofloxacin 22
Ceftriaxone/gentamicin 18
Levofloxacin/vancomycin 19
Other antibiotic combinations 835

Total 1,324
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Table 3—Univariate Analysis of Selected Patient Characteristics, Processes of Care, and Outcomes Stratified by
Receipt of Atypical Antibiotic Coverage*

Variable
All Patients
(n � 2,209)

Atypical Coverage Within 24 h

Yes
(n � 1,408)

No
(n � 601) p Value

Age
Mean (SD) 76.9 (11.7) 76.4 (11.5) 77.8 (11.9) 0.008
� 65 yr 222 (10.0) 144 (10.2) 78 (9.7) 0.028
65–74 yr 582 (26.3) 384 (27.3) 198 (24.7)
75–84 yr 746 (33.8) 491 (34.9) 255 (31.8)
85� yr 659 (29.8) 389 (27.6) 270 (33.7)

Gender
Female 1,099 (49.8) 705 (50.1) 394 (49.2) 0.690
Male 1,110 (50.2) 703 (49.9) 407 (50.8)

Race
African-American and Hispanic 235 (10.6) 141 (10.0) 94 (11.7) 0.207
White and other 1,974 (89.4) 1,267 (90.0) 707 (88.3)

Admitted to hospital from nursing facility
Yes 542 (24.5) 303 (21.5) 239 (29.8) � 0.001
No 1,667 (75.5) 1,105 (78.5) 562 (70.2)

Antibiotic timing
Antibiotics administered prior to hospital admission 471 (21.3) 306 (21.7) 165 (20.6) 0.270
Antibiotics administered in hospital but prior to

blood cultures
1,343 (60.8) 839 (59.6) 504 (62.9)

Antibiotics after blood cultures 395 (17.9) 263 (18.7) 132 (16.5)
Antibiotics administered within 8 h

Yes 2,021 (91.5) 1,313 (93.3) 708 (88.4) � 0.001
No 188 (8.5) 95 (6.7) 93 (11.6)

Admitted to ICU within 24 h
Yes 494 (22.4) 319 (22.7) 175 (21.8) 0.661
No 1,715 (77.6) 1,089 (77.3) 626 (78.2)

PSI class
I 20 (0.9) 14 (1.0) 6 (0.7) 0.003
II 110 (5.0) 84 (6.0) 26 (3.2)
III 299 (13.5) 190 (13.5) 109 (13.6)
IV 954 (43.2) 628 (44.6) 326 (40.7)
V 826 (37.4) 492 (34.9) 334 (41.7)

Concordant antibiotic therapy within 24 h
Yes 1,000 (45.3) 706 (50.1) 294 (36.7) � 0.001
Unable to determine 1,209 (54.7) 702 (49.9) 507 (63.3)

Antibiotics administered within 24 h
Single 885 (40.1) 363 (25.8) 522 (65.2) � 0.001
More 1,324 (59.9) 1,045 (74.2) 279 (34.8)

Sample period
1998–1999 1,140 (51.6) 629 (44.7) 511 (63.8) � 0.001
2000–2001 1,069 (48.4) 779 (55.3) 290 (36.2)

In-Hospital mortality
Yes 309 (14.0) 184 (13.1) 125 (15.6) 0.098
No 1,900 (86.0) 1,224 (86.9) 676 (84.4)

30-day mortality
Yes 416 (18.8) 238 (16.9) 178 (22.2) 0.002
No 1,793 (81.2) 1,170 (83.1) 623 (77.8)

Hospital Readmission within 30 d of hospital
discharge†

Yes 322 (14.6) 197 (14.0) 125 (15.6) 0.301
No 1,887 (85.4) 1,211 (86.0) 676 (84.4)

Hospital discharge destination‡
Home 918 (65.9) 607 (66.3) 311 (65.1) 0.860
Other 475 (34.1) 308 (33.7) 167 (34.9)

Hospital length of stay†§ 8.6 (9.1) 8.7 (9.5) 8.5 (8.3) 0.609

*Values are given as No. (%), unless otherwise indicated.
†Includes only those patients who survived until hospital discharge.
‡Includes only those patients admitted from home.
§Values are given as the mean (SD).
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statistically significant association with any of the
outcome measures. Compared to patients who re-
ceived no atypical coverage, patients treated with a
macrolide had a lower adjusted risk of in-hospital
mortality (OR, 0.59; 95% confidence interval [CI],
0.40 to 0.88; p � 0.01), 30-day mortality (OR, 0.61;
95% CI, 0.43 to 0.87; p � 0.007), and hospital
readmission at 30 days after discharge (OR, 0.591;
95% CI, 0.42 to 0.85; p � 0.004). There were no
significant associations between fluoroquinolones or
tetracyclines and patient outcomes.

In order to investigate potential confounders, we
studied the effect of three additional factors on the
association between macrolide use and mortality. In
patients who were admitted to the hospital from
nursing facilities, a similar trend toward improved
in-hospital and 30-day mortality rates was seen in
those patients receiving initial treatment including a
macrolide, but the differences did not reach statisti-
cal significance, perhaps due to the much smaller
sample size in this subgroup. Among patients in-
fected with organisms other than S pneumoniae,
other Streptococcus spp, Haemophilus spp, and
Moraxella catarrhalis (ie, those organisms that are
less likely to have susceptibility to macrolides), there
were similar trends toward improved in-hospital and
30-day mortality rates with the use of macrolides,

although these trends also fell short of reaching
statistical significance. Finally, among patients who
had received antibiotics prior to hospital admission,
there were no trends toward improved mortality
rates associated with the use of macrolides after
hospital admission.

Analysis of the relationship between mortality and
the length of time for which each patient received
macrolide therapy (Table 5) revealed that macrolide
therapy for � 96 h was associated with a significantly
improved 30-day adjusted mortality rate relative to
patients who received no atypical coverage. As noted
in the “Materials and Methods” section, there is no
way to perform a valid statistical test of trend for
multiple models20; however, an inspection of the
data suggests a trend toward improved adjusted
mortality rate with longer courses of macrolide ther-
apy.

Discussion

We have demonstrated that several factors are
independently associated with improved outcomes in
Medicare patients with bacteremic pneumonia. Se-
verity of illness and concordant initial antibiotic
therapy were predictive of outcomes. More notewor-

Table 4—Clinical Characteristics and Outcomes*

Variables

In-Hospital Mortality 30-Day Mortality
30-Day Hospital

Readmission

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

PSI class I, II, III vs V 0.13 (0.07–0.22) � 0.001 0.10 (0.06–0.17) � 0.001 0.94 (0.65–1.35) 0.725
PSI class IV vs V 0.25 (0.19–0.34) � 0.001 0.27 (0.21–0.35) � 0.001 1.12 (0.85–1.48) 0.412
Admitted from SNF 1.36 (1.02–1.81) 0.035 1.74 (1.35–2.24) � 0.001 0.81 (0.60–1.10) 0.172
Admitted to ICU within 24 h 2.58 (1.96–3.40) � 0.001 1.75 (1.35–2.27) � 0.001 1.42 (1.08–1.88) 0.014
Initial concordant antibiotic treatment 0.75 (0.57–0.98) 0.037 0.75 (0.59–0.96) 0.021 1.06 (0.83–1.36) 0.648
Initial single antibiotic treatment 0.60 (0.43–0.82) 0.001 0.74 (0.56–0.97) 0.032 0.62 (0.46–0.83) 0.002
Initial atypical antibiotic treatment 0.81 (0.61–1.08) 0.154 0.76 (0.59–0.98) 0.034 0.67 (0.51–0.89) 0.024

Macrolide 0.59 (0.40–0.88) 0.010 0.61 (0.43–0.87) 0.007 0.59 (0.42–0.85) 0.004
Fluoroquinolone 0.94 (0.69–1.28) 0.693 0.82 (0.62–1.07) 0.148 0.82 (0.61–1.09) 0.165
Tetracycline 0.95 (0.25–3.58) 0.939 1.28 (0.42–3.92) 0.670 0.98 (0.32–3.01) 0.968

*SNF � skilled nursing facility.

Table 5—The Relationship Between Duration of Macrolide Treatment and Mortality

Atypical Coverage
Duration

In-Hospital Mortality 30-Day Mortality

Adjusted OR
(95% CI) p Value

Adjusted OR
(95% CI) p Value

� 24 h vs none 0.73 (0.42–1.27) 0.265 0.64 (0.39–1.07) 0.092
25–48 h vs none 0.56 (0.26–1.19) 0.133 0.65 (0.34–1.23) 0.186
49–72 h vs none 0.75 (0.32–1.74) 0.505 0.52 (0.24–1.14) 0.103
73–96 h vs none 0.45 (0.16–1.26) 0.128 0.45 (0.19–1.03) 0.060
� 96 h vs none 0.39 (0.11–1.40) 0.149 0.34 (0.12–0.94) 0.038
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thy was the finding that treatment with a macrolide,
but not with a fluoroquinolone, was independently
associated with lower mortality rates and a lower
30-day hospital readmission rate. In contrast to some
studies,17,23 but not all prior studies,7,24 monotherapy
was also associated with a lower mortality rate,
although not for the most severely ill patients.

Several retrospective cohort studies have demon-
strated lower mortality4,5,7 and shorter hospital
length of stay5,6 associated with atypical therapy for
patients with community-acquired pneumonia. Since
approximately 20% of patients with community-
acquired pneumonia have primary infection with an
atypical organism and most patients are treated
empirically,8 there is obvious plausibility in the con-
cept that empiric atypical coverage could have a
benefit in unselected pneumonia patients. However,
a systematic review3 and a metaanalysis11 of random-
ized trials failed to find a benefit from atypical
treatment. Consequently, recommendations for em-
piric atypical coverage8,9 remain controversial, and
many physicians continue to use �-lactam mono-
therapy.3,17

Studies12,13,25 have also demonstrated lower mor-
tality rates in patients with bacteremic pneumococcal
pneumonia who received a macrolide in addition to
a �-lactam. It is not clear why macrolide treatment
might benefit patients with proven infection due to a
nonatypical pathogen. One potential reason is the
potential for dual infection with an atypical pathogen
such as C pneumoniae. Studies employing serologic
methods support this possibility,14 but others8 have
questioned the clinical significance of serologic evi-
dence alone. Both fluoroquinolones and macrolides
have excellent activity against the atypical patho-
gens.9 Therefore, our finding of improved outcomes
associated with macrolides, but not fluoroquinolo-
nes, does not support the speculation that coinfec-
tion with an atypical pathogen accounts for the
improved outcomes seen in patients receiving ther-
apy including a macrolide.

Another possible explanation for a benefit from
macrolide therapy is a non-antimicrobial effect.
Macrolides are well known to have immunomodula-
tory effects, and there is ample evidence in patients
with cystic fibrosis and diffuse panbronchiolitis that
these effects are clinically relevant.15 While fluoro-
quinolones may also have immunomodulatory ef-
fects, there is little evidence at this time that these
effects improve patient outcomes.16 Macrolides also
interfere with quorum sensing and biofilm formation
by Pseudomonas spp,26 but it is not clear whether
this effect is relevant to the more common pathogens
causing community-acquired pneumonia.

The finding of improved outcomes associated with
macrolide antibiotic coverage is reinforced by the

apparent trend toward improved outcomes associ-
ated with longer courses of macrolide therapy. In
essence, we may be seeing a “dose effect” of macro-
lide therapy, supporting the plausibility of the asso-
ciation being causal.27 While the magnitude of ben-
efit seen even with short courses of therapy may be
more than expected, the long half-life of azithromy-
cin, which is the most commonly used macrolide
agent used in these patients, might allow a prolonged
effect.

If atypical or macrolide coverage truly improves
the outcomes of patients with pneumonia, why have
randomized trials failed to show this benefit? One
explanation has been noted by Shefet et al,10 who
found an overall mortality rate of 3.7% in the
randomized trials included in their systematic re-
view. This is much lower than the 8 to 10% mortality
rate generally reported for studies of community-
acquired pneumonia2 and suggests that patients who
are recruited into these types of trials are different
from patients who are entered into larger scale
observational studies.

Several limitations of our study must be acknowl-
edged. It included only Medicare patients, so it may
not be representative of all pneumonia patients. This
was an observational study, like virtually all of the
previous studies of this issue.12,13,17,23,25 Although we
adjusted for severity of illness using well-validated
measures, in any retrospective study there is the
potential for bias. The finding of lower mortality
among patients who received monotherapy raises
this concern, as it is contrary to the results of some
prior reports. However, it is unlikely that our study
was more susceptible to this problem than were prior
studies, as we used a very rich database and adjusted
for many patient-related factors, including the PSI.
Also, in studies12,13,17,23,25 demonstrating improved
outcome with dual therapy, dual therapy often in-
cluded a macrolide, so it is difficult to separate the
effect of dual therapy from the effect of macrolide
therapy. Furthermore, we are not the first investiga-
tors to note improved outcomes associated with
monotherapy. Feldman et al24 found a shorter hos-
pital length of stay in patients who received azithro-
mycin monotherapy; and Gleason et al7 demon-
strated the lowest pneumonia mortality in Medicare
patients receiving monotherapy with a fluoroquino-
lone. The patients in the population used in these
studies and ours were much older than the patients
in the studies12,13,17,23,25 demonstrating improved
outcomes with dual therapy. Perhaps these elderly
patients are more susceptible to adverse drug effects,
which may be more common with the use of more
than one antibiotic. For example, Clostridium diffi-
cile colitis, which is frequently lethal in elderly
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patients, is more commonly seen with the use of
more than one antibiotic.28

There are some unique strengths of this study.
Patients were randomly selected from hospitals
across the United States, making it a truly represen-
tative sample. It is also larger than prior stud-
ies12,13,17,23,25 investigating the effect of antibiotic
treatment on patients with bacteremic pneumonia.
Thus, the effect of different classes of atypical
antibiotics could be compared, providing insight into
the mechanism by which atypical therapy might
result in improved patient outcomes.

It is difficult to make comprehensive treatment
recommendations based on our results. We found
that the use of a macrolide in therapy was strongly
associated with improved outcomes, but the finding
of improved outcomes with monotherapy makes it
difficult to recommend the use of a �-lactam with a
macrolide over that of monotherapy with a respira-
tory fluoroquinolone. Although many studies have
reported success with macrolide monotherapy,24,29,30

experts recommend against it for the majority of
patients who are hospitalized with community-ac-
quired pneumonia8,9 However, our results suggest
that if combination therapy is going to be used, a
macrolide combination may have advantages over a
fluoroquinolone combination.

In summary, our results add to the growing body
of evidence suggesting that even when an alternative
pathogen is identified, treatment including a macro-
lide results in improved outcomes in patients with
pneumonia.12,13,24,26 Since improved outcomes were
not noted with fluoroquinolone therapy, this effect
was most likely not related to the treatment of
coinfecting atypical organisms. It is difficult to trans-
late our results into specific treatment recommenda-
tions, given the finding of improved outcomes asso-
ciated with monotherapy. Rather, this study
demonstrates the profound need for large-scale ran-
domized trials to definitively answer these questions.
There are � 100,000 lives lost each year, and the
large differences in mortality rates related to the type
of antibiotic therapy noted in this and prior stud-
ies12,13,25 demand that we have robust data from
randomized trials on which to base antibiotic treat-
ment decisions.
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