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Impact of macrolide therapy on mortality
for patients with severe sepsis

due to pneumonia

M.I.
J.J. Coalson** and A. Anzueto™'

Restrepo" "', E.M. Mortensen*"", G.w. Waterer, R.G. Wiinderini’

ABSTRACT: Recent studies suggest that macrolides may have beneficial effects for patients at
risk for certain infections. The current authors examined the effect of macrolide therapy on 30-
and 90-day fiGHtality for patients with Severelsepsisicaused bylpneumonial

A retrospective [cohort study was conducted at two tertiary teaching hospitals. Eligible subjects
were admitted with a diagnosis of, had chest radiography consistent with, and had a discharge
diagnosis of pneumonia and clinical criteria of severe sepsis. Subjects were considered to be on
macrolides if they received at least one dose within 48 h of admission.

was present in 237 (30:1%) subjects, out of whom 104 (4319%) received
[macrolides. Mortality was 20.3% at 30 days and 24:5% at 90 days. In the multivariable analysis,

the use of macrolide was associated with decreased mortality at 30 days (hazard ratio (HR) 0.3,
95% confidence interval (Cl) 0.2-0.7) and at [90'days (HR [0:3, 95% CI 0.2-0.6) in patients with

severe sepsis and in patients with macrolide-resistant pathogens (HR 0.1, 95% CI 0.02-0.5).

Magrolide use was associated with decreasedmortality in patients with Severeisepsisdueit
[phetumonia and [macrolidezresistant pathogens: Confirmatory studies are needed to determine

whether macrolide therapy may be protective for patients with sepsis.
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epsis affects >700,000 patients annually in

the USA [1]. In addition, SéVere sepsis’is
the ninth leading cause of death in the USA

and is associated with a high fatality rate,
significant morbidity and great financial cost [2].

infections, whether community- or
hospital-acquired, account for the lafgest number
of sepsis cases [1-3]. Community-acquired pneu-
monia (CAP) is one of the most common reasons
for sepsis and is itself, independent of sepsis, the
seventh leading cause of death and the leading
cause of infectious death in the USA [4]. Although
FRORAI e to PReNTONA deckeased sigii-
cantly with the [iifroduction of antibiotics in the
119506, Sifice B time mortaliff has been SEABIE or

increasing [[5} Mortality due to severe sepsis
remains unacceptably high despite aggressive
resuscitation and organ support, combined with
appropriate antibiotics [6] and new therapies such
as recombinant human activated protein C [3].

[beneficial effects for patients at risk from certain
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infections, due to their immunomodulatory effects
i than their Gimiciobial propenties ]

These eeffects are supported

by the clinical [sticcess observed in
immune-related, conditions,

but

noninfectious,
including fasth-
[8], chronic obstructive pulmonary disease
(COPD) [7), @iffise panbIGNGNIONES [10] and
[10]. In addition, much of the
beneficial effect of macrolides seen in patients
with bacteraemie pneumococeal pneumona |11-
16] and CAP may also be due to the immunos
effects Father than SOlEly the antimi-
icrobial effects [17-20]. Cytokines play an important
role in host defence mechanisms for patients with
CAP and severe sepsis [21]. SéverallcytoKines,
including tumour necrosis factor-o, interleukin
(IL)-1, IL-6 and IL-10 have been associated with
sepsis [21]. Macrolides have been demonstrated to

imodulate these eytokines, which is potentially the

basis for their beneficial effect [22].

The aim of the present study was to assess the
effect of macrolide therapy on short- (30 days)
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MACROLIDES DECREASE MORTALITY IN SEVERE SEPSIS

and long- (90 days) term mortality for patients with severe
sepsis caused by CAP, and in patients with documented
macrolide-resistant pathogens.

METHODS

The present study was a retrospective cohort study of
hospitalised CAP patients at two academic teaching tertiary
care hospitals in San Antonio (TX, USA). The Institutional
Review Board of the University of Texas Health Science Center
(San Antonio) evaluated the research protocol and gave it
exempt status.

Study sites/inclusion and exclusion criteria

All patients admitted to the study hospitals between January 1,
1999 and December 31, 2002 with a primary discharge
diagnosis of pneumonia (International Classification of
Diseases (ICD)-9 codes 480.0-483.99 or 485-487.0) or secondary
discharge diagnosis of pneumonia with a primary diagnosis of
respiratory failure (518.81) or sepsis (038.xx) were identified.
Inclusion criteria were: 1) age >18 yrs; 2) admission diagnosis
of CAP; and 3) abnormal chest radiography or chest computed
tomography within 24 h of admission consistent with CAP. To
be included, patients also had to have met the definition of
severe sepsis based on the evidence of infection (CAP) with
the presence of at least one organ dysfunction as recommend-
ed by the American College of Chest Physicians consensus
definition [23].

Exclusion criteria included: 1) discharge from an acute care
facility within 14 days of admission; 2) admission to another
acute care hospital or nursing home; 3) HIV/AIDS; and 4)
having “comfort measures only” status during the admission.
If a subject was admitted more than once during the study
period, only the first hospitalisation was abstracted.

Clinical outcomes

The primary outcomes were 30- and 90-day mortality and the
secondary outcome was length of hospital stay. Both 30- and
90-day mortality were included in order to differentiate
between the proportion of deaths attributable to pneumonia
(30-day) and to other causes (90-day) [24]. Mortality was
assessed using information from the Texas Dept of Health
(Austin, TX, USA) and Dept of Veterans Affairs (Washington,
DC, USA) clinical database.

Data abstraction

Chart review data included: demographics, comorbid condi-
tions, physical examination findings, laboratory data,
guideline-concordant empirical antibiotic therapy, and chest
radiographic reports. Comorbid conditions were identified
from either the admission or discharge notes or outpatient
problem lists. Antimicrobial therapy was considered
guideline-concordant if it agreed with the 2007 Infectious
Diseases Society of America/American Thoracic Society
guidelines [25]. Information on macrolides (including erythro-
mycin, clarithromycin and azithromycin) given within the first
48 h of admission was obtained.

Diagnostic criteria

Microbiological data results were reviewed, and a microbiological
cause was assigned independently by two of the current
investigators (M.I. Restrepo and E.M. Mortensen). The cause of
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pneumonia was stratified as definitive or presumptive. The
definitive diagnosis was considered if one or more of the
following conditions were met: 1) positive blood cultures for
bacterial or fungal pathogens (in the absence of an extrapulmon-
ary source of infection); 2) pleural fluid cultures yielding a
bacterial pathogen; 3) endotracheal aspirates with moderate or
heavy growth of bacterial pathogens; 4) significant quantitative
culture growth from bronchoscopic respiratory samples (pro-
tected specimen brush cultures of >10° colony forming units
(cfu)mL™ and in bronchoalveolar lavage of >10* cfu-mL™). A
presumptive diagnosis was made if a qualitative valid sputum
sample yielded one or more predominant bacterial pathogens.
Definitive and presumptive causes were combined for reporting
purposes. When two or more microbiological causes were
present, the patient was considered to have a polymicrobial
infection. A patient was considered to have CAP of unknown
cause if microbiological studies were not performed or were
inconclusive. In vitro susceptibilities were documented according
to the National Committee for Clinical Laboratory Standards [26].
The classification of macrolide-resistant pathogens was made
using the addition of naturally resistant pathogens, such as the
Gram-negative rods (including Pseudomonas  aeruginosa,
Acinetobacter spp., Escherichia coli, Klebsiella pneumoniae and
Proteus mirabilis, etc.) and those Gram-positive cocci (including
macrolide- or penicillin-resistant Streptococcus spp. and methi-
cillin-resistant Staphylococcus aureus) with documented resistance
based on guidelines [25]. Documented Haemophilus spp. were
excluded from the analysis due to the lack of macrolide
susceptibility documentation.

Statistical analyses

Univariate statistics were used to test the association of
demographic and clinical characteristics with all-cause 30-
and 90-day mortality. Categorical variables were analysed
using the Chi-squared test and continuous variables were
analysed using an unpaired t-test.

A propensity score technique was used to balance covariates
associated with macrolide use between groups [27]. The use
of the propensity score technique provides a way, in
nonrandomised studies, to control for pre-treatment differ-
ences by defining sets of comparable patients. The propensity
score was derived from a logistic regression model. A
dichotomous indicator variable indexing whether a patient
was on a macrolide was the response variable. The covariates
used in the propensity score model were the pneumonia
severity index (PSI) score (which includes comorbid condi-
tions such as congestive heart failure, liver disease, renal
disease, cerebrovascular disease and history of stroke) [28],
COPD, admission to the intensive care unit (ICU) and
guideline-concordant antibiotic therapy. An ordered catego-
rical variable was created, based on a quartile stratification of
the propensity score, to include in the Cox and regression
models.

Multivariable analysis was performed using a Cox propor-
tional hazards model with either 30- or 90-day mortality as the
dependent variable [24, 28]. Survival curves were based on
Cox proportional hazards modelling. Subgroup analyses were
performed according to the susceptibility patterns.
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Hospitalised CAP
(n=787)

4>| Macrolides (n=325; 41.4%) |

A\

Sepsis due to CAP
(n=581; 73.8%)

> Macrolides (n=256; 44.1%) |
y

Severe sepsis due to CAP
(n=237; 30%)

|—>| Macrolides (n=104; 43.9%) |

FIGURE 1. Flow diagram of patients admitted to hospital with community-
acquired pneumonia (CAP) who developed severe sepsis that required macrolide
therapy.

RESULTS

Initially, 787 CAP patients were identified, out of whom 237
met criteria for severe sepsis (fig. 1) and were included in the
analysis. Out of those included, 104 (43.9%) subjects received a

MACROLIDES DECREASE MORTALITY IN SEVERE SEPSIS

macrolide during the first 48 h of admission, while 133 did not
receive macrolide therapy.

Patient characteristics and microbiological diagnosis
Table 1 shows the characteristics of the subjects, grouped by
whether they received macrolide therapy. There were no
significant differences in mean age, sex or pre-existing
comorbid conditions, except that cerebrovascular disease
(23% wversus 8%; p=0.002) and chronic renal disease (26%
versus 13%; p=0.02) were more frequent in subjects who did
not receive macrolide therapy.

Physical examination, laboratory and radiological data showed
that macrolide-treated subjects were significantly more likely
to have hypoxaemia and hyponatraemia (table 1). In general,
both groups of subjects had similar severity of illness scores,
based on mean+sb PSI score (117+39 in non-macrolide
subjects compared with 108+ 32 in macrolide treated subjects,

p=0.2).

An aetiological diagnosis was found in 77 (24%) subjects, more
commonly in the macrolide treated group (44 out of 104; 42%)
than in the non-macrolide group (33 out of 133; 24.5%)

17:\:18S5 B Comparison of demographic and clinical characteristics among severe sepsis patients with community-acquired
pneumonia who received initial macrolide versus non-macrolide therapy

Variable Non-macrolide Macrolide p-value

Patients n 133 104

Age yrs 63.3+17.1 58.8+15.8 0.2

Male 109 (82.0) 80 (76.9) 0.3

Pre-existing comorbid conditions
Congestive heart failure 4 (25.6) 19 (18.3) 0.2
History of stroke 0 (22.6) 8 (7.7) 0.002
Chronic liver disease 7 (12.8) 11 (10.6) 0.6
History of malignancy 8 (13.5) 7 (6.5) 0.09
Renal insufficiency 4 (25.6) 14 (13.5) 0.02
Chronic obstructive lung disease 9 (29.3) 22 (21.2) 0.2

History, physical, laboratory and radiographical data
Altered mental status 36 (27.1) 32 (30.8) 0.5
Respiratory rate >30 min™’ 19 (14.3) 14 (13.5) 0.2
Systolic blood pressure <90 mmHg 8 (6.0) 8 (7.7) 0.6
Cardiac frequency >125 min™ 25 (18.8) 19 (18.3) 0.9
Temperature <95°F or >104°F 3 (2.3 3 (2.9) 0.8
Arterial pH <7.35 9 (14.3) 18 (17.3) 0.5
Pa,0, <90% 9 (29.3) 42 (40.4) 0.07
Pa,0,/Fi,0, ratio <250 1(38.4) 60 (57.7) 0.07
Haematocrit <30% 2 (9.0 14 (13.5) 0.3
Serum blood urea nitrogen >30 mg-dL 5 (56.4) 49 (47.1) 0.2
Serum glucose >250 mg-dL’ 0 (15.0) 13 (12.5) 0.6
Serum sodium <130 mEq-L" 8 (13.5) 26 (25.0) 0.02
Pleural effusion 6 (27.1) 30 (28.8) 0.8
Multilobar infiltrates 8 (43.9) 55 (52.9) 0.2

Proc of care n Ires
Appropriate blood cultures 108 (81.20) 86 (82.7) 0.8
Guideline-concordant antibiotic therapy 84 (63.2) 101 (97.1) <0.001
Antibiotic administration within 4 h 39 (29.3) 37 (35.6) 0.3

Data are presented as mean +sb or n (%), unless otherwise stated. Pa,0,: arterial oxygen tension; Fi0,: inspiratory oxygen fraction.
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/=188 Aetiological diagnosis with an identifiable
pathogen causing disease among severe sepsis
patients with community-acquired pneumonia
who received initial macrolide versus non-
macrolide therapy

Non-macrolide Macrolide
Patients n 133 104
Microorganisms
Streptococcus [phetnioniael 13 @) 18 ({718
Macrolide-resistant S. pneumoniae 5 @81) 8 (@am)
Staphylococcus [alifets 12 (910) 10 (916)
Pseudomonas aeruginosa 3 (2.2 5 (4.8)
Haemophilus influenzae 1(0.7) 1(1.0)
Escherichia coli 0 (0) 1(1.0)
Klebsiella pneumoniae 1(0.7) 2 (4.5)
Proteus mirabilis 0 (0) 1(1.0)
Miscellaneous™ 1(0.7) 4 (3.8)
Polymicrobial 2 (1.5) 2(1.9)
Total pathogens isolated 33 (24.5) 44 (42.3)
No pathogen isolated 100 (75.5) 60 (57.7)

Data are presented as n (%), unless otherwise stated. Percentages have been
rounded and may not sum to 100. #: Miscellaneous comprises Acinetobacter
spp., Aspergillus spp., Haemophilus parainfluenzae and Streptococcus spp.

(table 2). Of all the CAP subjects in whom a definitive
diagnosis was reached, the most frequent pathogen isolated
was [Streptococciis pretnioniae (137%), followed by SHaiireis (9%).
Macrolide-resistant pathogens were identified in 29% of the
patients with an identifiable microorganism (table 3).

Clinical outcomes
Overall, 30- and 90-day mortality was lower for subjects who
received macrolides compared with non-macrolide subjects

M.l. RESTREPO ET AL.

(11% wversus 29%; p=0.001, and 12% wversus 34%; p<<0.001,
respectively; fig. 2). Mean+sD length of hospital stay was
similar in non-macrolide subjects (9.2+9.5 days) compared
with macrolide patients (10.6 +10.1 days; p=0.5). Both groups
had similar rates of ICU admission (49% versus 44%; p=0.4),
need for mechanical ventilation (18% versus 16%; p=0.3), and
need for vasopressors (7% versus 11%; p=0.3). In the subgroup
analysis, macrolide-treated subjects with severe sepsis were
more likely to survive at 30 and 90 days (table 3) if the cultures
were negative (p=0.005), the cultures were positive (p=0.004),
or they were infected with Gram-negative rods (p=0.002), and
for all the macrolide-resistant pathogens, compared with non-
macrolide subjects.

In the Cox proportional hazard model, after adjusting for
potential confounders, including the propensity score, those
subjects who received macrolide therapy had a lower risk of
dying within 30 days (hazard ratio (HR) 0.3, 95% confidence
interval (CI) 0.2-0.7) and 90 days (HR 0.3, 95% CI 0.2-0.6) of
admission (fig. 2). This survival benefit remained after
evaluating patients with severe sepsis with culture-negative
results, culture-positive data and macrolide-resistant patho-
gens (fig. 2).

DISCUSSION

The present authors found that subjects with severe sepsis due
to CAP had improved survival at 30 and 90 days when they
received empirical macrolide therapy at the time of hospital
admission. This survival benefit remained after evaluating all
the cases with documented macrolide-resistant pathogens and
severe sepsis. The patients studied included the more severe
end of the spectrum of CAP. Only CAP patients admitted to the
hospital directly from home with severe sepsis, defined by the
presence of at least one organ dysfunction, were included [23].
ICU admission occurred in almost half of both study groups,
with [B20f8 receiving mechanical venfilafioRl A number of
comorbid conditions (COPD, congestive heart failure, chronic
renal disease and cerebrovascular disease) were present,

ay-\:{B S8 Comparison of 90-day mortality among severe sepsis patients with community-acquired pneumonia who received

macrolide versus non-macrolide therapy

Patient cohorts

Mortality at 90 days

Non-macrolide Macrolide p-value

Severe sepsis# 45/133 (33.8) 13/104 (12.5) <0.0001

Culture fiégative sepsis* 31/100 (31.0) 7/60 (11.7) 0.005

Culture Jpositive sepsis* 14/33 (42.4) 6/44 (13.6) 0.004
Streptococcus [pheumnioniae 5/13 (38.4) 4/18 (22.2) 0.3
Macrolide susceptible S. pneumoniae 3/7 (42.9) 3/7 (42.9) 1.0
Macrolide [fésistant S. pneumoniae 2/5 (4010) 1/8 ({i218) 0.3
Methicillin-resistant Staphylococcus aureus 2/5 (40.0) 0/2 (0) 0.3

Gram-negative rods’ 3/4 (75.0) 0/10 (0) 0.002
Macrolide-susceptible pathogens 3/11 (218 3/13 (28H) 0.8

Data are presented as n/N (%). Percentages have been rounded and may not sum to 100. #: mortality at 30 days in the macrolide and non-macrolide groups was similar
for most of the cohorts except for: severe sepsis (37 out of 133 (27.8%) versus 11 out of 104 (10.6%); p=0.001); culture-negative sepsis (24 out of 100 (24.0%) versus six
out of 60 (10.0%); p=0.03); and culture-positive sepsis (13 out of 33 (39.4%) versus five out of 44 (11.4%); p=0.004). *: Gram-negative rods include Pseudomonas
aeruginosa, Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis and Acinetobacter spp.
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FIGURE 2. Gox survival curves of patients wih severe sepsis due to communit-acquired peumonia who received infial macrolide versus norv-macrolide therapy ) A1
patients (hazard ratio (HR) 0.34, 95% confidence interval (Cl) 0.18-0.66; p=0.001); b) patients with culture-negative severe sepsis (HR 0.37, 95% Cl 0.16-0.87; p=0.02); c)
patients with culture-positive severe sepsis (HR 0.26, 95% CI 0.09-0.73; p=0.01); d) patients with macrolide-resistant severe sepsis (HR 0.10, 95% CI 0.02-0.49; p=0.005).

- - - - no macrolides; ——: macrolides.

whether or not initial macrolide therapy was used. A mortality
rate of almost 30% in the group of patients who did not receive
macrolide therapy is similar to that reported in the placebo
group of subjects with severe sepsis enrolled in the
Recombinant Human Activated Protein C Worldwide
Evaluation in Severe Sepsis (PROWESS) trial [3]. However,
some differences in baseline characteristics were observed in
the macrolide therapy group versus non-macrolide patients.
Patients receiving macrolides were less likely to have a history
of cerebrovascular disease and chronic renal disease, despite
no statistical differences in the PSI score. All of these clinical
differences are accounted for in the PSI score, which was the
instrument to adjust for severity of illness in the current study

[251. The magnitude of the benefitis important compared with

lsepsis. The observed benefit of macrolide therapy was not
lexplainéd by differences in therapy

between groups. The fact that almost all patients with severe
sepsis due to CAP received guideline-concordant therapy in
the present study suggests that the observed reduction in
mortality may be driven by the use of a macrolide in

EUROPEAN RESPIRATORY JOURNAL

hospitalised patients (whether on the ward or in the ICU).

Inteestingly, the SuEvival- curves:for patients it severe
lseparated within the [first few days after

receiving macrolide therapy, Siilaf to patterns seen with
et O oAWISHSEY SEEASS 3). e BEREHE observed in
short-term (30-day) mortality is also demonstrated with lGRg-

exml (90-day) mortality:

The suggested benefit of macrolide therapy in patients with
respiratory infections is demonstrated by clinical studies of
patients with and [CAP. WATERER et
al. [14], demonstrated that the use of a
[antibiotic "against pneumococcis was associated with an
increased mortality compared with the use of {0 effective
agents. Macrolidecontaining Combinations were the most
common type of combination therapy and had [oWer
than predicted by the Acute Physiology and Chronic Health
Evaluation (APACHE)MIINprediction model. Several other
studies have suggested a benefit of having a [macrolide added

bacteraemic pneumococcal

toBElactam therapy in patients with
[pneumonia]11-16]. Not adding a macrolide to a B-lactam-based

VOLUME 33 NUMBER 1 157
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initial antibiotic regimen was an independent predictor of in-
hospital mortality [12]. A recent study by RODRIGUEZ et al. [20]
showed in a multicentre, prospective cohort in ICU-admitted
CAP patients with septic shock that 28-day ICU survival was
higher with combination therapy in CAP patients with shock
(HR 1.69, 95% CI 1.09-2.60; p=0.01) and in patients who
received macrolide therapy (HR 1.73, 95% CI 1.08-2.76;
p=0.02). The majority of combination therapies in these studies

included a macrolide. These results/Stiggest that the benefit of

However, a recent
randomised controlled trial in patients with sepsis due to

ventilator-associated prieumonia treated with clarithromycin
did not show a survival benefit [29]. However, clarithromycin
[accelerated the [resolution of ventilator-associated pneumonia,
and weaning from mechanical ventilation in surviving patients

and delayed deéathl in those who died of sepsis.

The reasons Why [facrolides may contribute to better outcomes
in patients with severe sepsis due to CAP include: 1) a
synergistic antibacterial mechanism; 2) atypical pathogen
coverage; and 3) an immunomodulatory effect. Synergism is

to be the reason, because Gram: pathogens are
ot the only|Gatise of severe sepsis due to CAP. Almos of
the positive cultures were bacteria [Gthes than Gram
microorganisms [1]. Agpical coverage is also
present authors have reported previously that

The most likely explanation of this effect is the

modulation produced by the macrolide antibiotic affecting the
cytokine response and inflammatory response at different
levels. The present authors

and the current data support
the benefit of macrolide therapy even in those patients with
documented negative cultures, Gram-negative bacilli and all
macrolide-resistant pathogens.

Several publications have supported the benefit of macrolides
not only for their antimicrobial properties but for their effect on
immune function. Some examples of this effect include
conditions including (8], [€OPD [9],
[10] and [10]. The most
dramatic example of the efficacy of macrolides as immune
modulators is in . ThigfGRinfectious,

autoimmune lung condition had a [70% 5-yrmortality¥ate until

long-term low-do

FROHBIE0}-207% [10].
The current study has

that are important to
acknowledge. First, it was a cohort study, and

there are inherent problems related to this design, including
selection bias. However, the current authors do-feel that the
study has significant problems with €itheF bias, due to the use
of admission and discharge diagnosis ICD-9 codes to identify
patients and the fact that only a small amount of missing data
was encountered. Moreover, it was possible to verify that all
the patients had a radiological diagnosis of CAP. It is
important to recognise that the APACHE II score could not
be calculated due to some missing variables, and one of the
limitations of the PSI data collection in retrospective studies is
the assessment of missing or undocumented data as “‘normal”’.
The second limitation of the present study is the post hoc
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definition and analysis of the severe sepsis subgroup.
However, it is well known that CAP is an important cause of
severe sepsis [1-3] and treatment strategies in patients with
severe sepsis depend on the site of infection. The current data
was limited regarding documentation of other interventions
that are currently used in patients with severe sepsis or septic
shock, such as corticosteroids and activated protein C.
However, the studies that suggested these interventions were
published at the end of the study period and due to slow
implementation in the two participating hospitals, this may not
have altered the results of the macrolide study. Thirdly, the
current sample was predominantly male, since one of the sites
was a Veterans Affairs Medical Center. The current authors are
unable to examine whether female CAP patients admitted to
the hospital may have a different clinical course, or outcomes,
as compared with males.

The present results [SPPOFENERGUFNENECOMMERdatONS

and in patients. In addition, the data suggests
that providing appropriate
to change mortality significantly.
The addition of may have for severely ill

patients [GHh€f than fjusf antibiotic coverage. The present

authors hypothesise that a benefit related to
O may b8 IMPORANEIAS) or HI0KE than, the

Effect, and might be useful in the treatment of
patients with severe sepsis due to other infectious conditions.

In conclusion, the present study demonstrates that macrolide
use in subjects with severe sepsis was associated with
decreased mortality at both 30 and 90 days, even in those
cases in which macrolide resistance was documented. The
decreased mortality associated with macrolide therapy was
consistent despite the adjustment of other variables previously
described as being associated with mortality. Further prospec-
tive studies are needed to confirm these findings, as well as to
determine whether treatment with a macrolide might be
beneficial for patients with severe sepsis secondary to other
infections.
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