
Evidence for use of macrolides in severe CAP

ABSTRACT 

It is unclear whether in the treatment of community- acquired pneumonia (CAP) beta-lactam plus 
macrolide antibiotics lead to better survival than beta-lactam alone. We report a systematic review 
and meta-analysis. Trials and observational studies published in English were included, if they 
provided sufficient data on odds ratio for all-cause mortality for a beta-lactam plus macrolide 
regimen compared with beta-lactam alone. Two investigators independently searched for eligible 
articles. Of 514 articles screened, 14 were included: two open-label randomized controlled trials 
(RCTs) comprising 1975 patients, one non-RCT interventional study comprising 1011 patients and 
11 observational studies comprising 33 332 patients. Random-model meta-analysis yielded an odds 
ratio for all-cause death for beta-lactam plus macrolide compared with beta-lactam alone of 0.80 
(95% CI 0.69–0.92, P = 0.002) with substantial heterogeneity (I2 = 59%, P for heterogeneity = 
0.002). Severity-based subgroup analysis and meta-regression revealed that adding macrolide had a 
favourable effect on mortality only for severe CAP. Of the two RCTs, one suggested that macrolide 
plus beta-lactam lead to better outcome compared with beta-lactam alone, while the other did not. 
Subgrouping based on study design, that is, RCT versus non-RCT, which was almost identical to 
subgrouping based on severity, revealed substantial inter-subgroup heterogeneity. Compared with 
beta-lactam alone, beta- lactam plus macrolide may decrease all-cause death only for severe CAP. 
However, this conclusion is tentative because this was based mainly on observational studies. 
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ABSTRACT

It is unclear whether in the treatment of community-
acquired pneumonia (CAP) beta-lactam plus macrolide
antibiotics lead to better survival than beta-lactam
alone. We report a systematic review and meta-analysis.
Trials and observational studies published in English
were included, if they provided sufficient data on
odds ratio for all-cause mortality for a beta-lactam
plus macrolide regimen compared with beta-lactam
alone. Two investigators independently searched
for eligible articles. Of 514 articles screened, 14 were
included: two open-label randomized controlled
trials (RCTs) comprising 1975 patients, one non-RCT
interventional study comprising 1011 patients and 11
observational studies comprising 33332 patients.
Random-model meta-analysis yielded an odds ratio for
all-cause death for beta-lactamplusmacrolide compared
with beta-lactam alone of 0.80 (95% CI 0.69–0.92,
P=0.002) with substantial heterogeneity (I2=59%, P for
heterogeneity=0.002). Severity-based subgroup analysis
and meta-regression revealed that adding macrolide
had a favourable effect on mortality only for severe
CAP. Of the two RCTs, one suggested that macrolide
plus beta-lactam lead to better outcome compared
with beta-lactam alone, while the other did not.
Subgrouping based on study design, that is, RCT versus
non-RCT, which was almost identical to subgrouping
based on severity, revealed substantial inter-subgroup
heterogeneity. Compared with beta-lactam alone, beta-
lactam plusmacrolidemay decrease all-cause death only
for severe CAP. However, this conclusion is tentative
because this was based mainly on observational studies.

Key words: antibiotics, anti-inflammatory effect, infectious disease,
meta-regression, mortality.

Abbreviations: CAP, community-acquired pneumonia; CURB65,
confusion, uremia, respiratory rate, blood pressure, age 65 ≥ years
score; HR, hazard ratio; OR, odds ratio; PSI, pneumonia severity
index; RCT, randomized controlled trial.

INTRODUCTION

Antibiotics developed in the last half century have
allowed physicians to successfully treat the majority
of patients with community-acquired pneumonia
(CAP). However, we still need to establish the best
treatment strategy for pneumonia, which is the third-
leading cause of death in the world.1,2 There has been
an ongoing discussion about macrolide use for CAP.
It is not clear whether addingmacrolide to beta-lactam
improves survival in the treatment of CAP.3–17 The
survival benefit of adding macrolide to beta-lactam
has been shown in many observational studies,3–14

presumably resulting from the anti-inflammatory
effect of macrolide to empirical coverage of atypical
pathogens.18 The Infectious Diseases Society of
America and the American Thoracic Society guidelines
published in 2007 proposed to use beta-lactam plus
macrolide for hospitalized patients with CAP.1

Although a favourable outcome by adding macrolide
to beta-lactam has been repeatedly reported in
observational trials, there had been no published
randomized controlled trials (RCTs) in 2007. Two
large-scale RCTs were consequently published in
2014 and 2015.15,16 These two trials suggested that
beta-lactam plus macrolide did not improve prognosis
compared with beta-lactam alone.
Therefore, the controversy about beta-lactam plus

macrolide therapy in CAP is unresolved. We provide
an updated meta-analysis for two reasons. First,
previousmeta-analysis did not include the recent trials
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 CURRENTOPINION Community-acquired pneumonia: still a major
burden of disease

Charles Feldmana and Ronald Andersonb

Purpose of review
Describe recent studies that may impact on the management of community-acquired pneumonia (CAP).

Recent findings
CAP continues to be associated with a considerable burden of disease. Diagnosis remains problematic,
and various biomarkers are neither accurate in the diagnosis of the presence of CAP nor superior to
standard severity of illness scores in predicting outcome. Current evidence indicates that patients with
nonsevere CAP can be effectively treated with antibiotic monotherapy, whereas those with severe infection,
particularly ICU cases, do best with early initiation of combination antibiotic therapy. Several studies have
investigated anti-inflammatory, adjunctive therapies for severe CAP, with corticosteroids appearing to be
most promising. It is well recognized that cardiac complications occur during the course of CAP, being
associated with poorer short-term and long-term outcomes, prompting considerable interest in the adjunctive
potential of statins and antiplatelet therapies. In addition to evaluating these adjunctive therapies, attention
has also focused on identifying strategies that predict the need for ICU admission in patients with CAP.

Summary
Although questions remain, particularly with regard to prediction of outcome, recent studies of CAP, both
clinical and experimental, have contributed novel insights into disease pathogenesis that may enable
improvement of current treatment strategies.

Keywords
adjunctive therapy, antibiotics, cardiac complications, community-acquired pneumonia, ICU

INTRODUCTION
Community-acquired pneumonia (CAP) is associ-
ated with a large burden of disease throughout
the world, causing considerable morbidity and
mortality and generating substantial healthcare
costs. This article will review some of the major
studies that have been undertaken in the previous
12 months describing various aspects of CAP.

COMMUNITY-ACQUIRED PNEUMONIA
BURDEN OF DISEASE
Recent studies from the United States [1&,2],
Europe [3,4], and Asia [5,6] attest to the consider-
able burden of CAP in these regions of the world.
One US study of adults hospitalized for CAP in
Chicago and Nashville documented the annual
incidence to be 24.8 cases [95% confidence inter-
val (CI), 23.5–26.1] per 10 000 adults with signifi-
cant and progressively higher rates in the elderly
and the very elderly [1&]. A second US study docu-
mented the burden of CAP in the United States

Veterans Health Administration (VHA) [2]. The
median age of the CAP patients was 65 years, with
the majority of patients over the age of 50 years,
and especially those 65 years of age and older,
having one or more chronic medical conditions
(considered moderate risk) or immunocomprom-
ising conditions (considered high risk) predispos-
ing to CAP [2]. The relative risk (RR) of CAP in
these patients was more than three times and
more than six times greater, respectively, than
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Macrolides 

As discussed above, macrolides are an important component of the antibiotic treatment 
strategies of patients with severe CAP. It is considered by many that these benefits are not 
purely because of their antimicrobial activity, but also because of their considerable 
adjuvant properties that have been attrib- uted to inhibition of synthesis of bacterial 
virulence factors, counteracting the pro-inflammatory and cytotoxic potential of 
bactericidal antibiotics that promote disintegration of bacterial pathogens with release of 
toxins such as pneumolysin (Ply) in the case of the pneumococcus, and the secondary, 
anti-inflammatory immunomodulatory properties of these agents that target various types 
of immune and structural cells and their inflammatory mediators [24,25]. 
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The use of macrolides has been previously associated with lower mortality in patients 
with severe pneumonia, and the administration of clarithromycin has been associated with 
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Dear Editor,
Pneumonia occurring in patients liv-
ing in the community is the most
common infection leading to hospi-
talization in intensive care units and
the first cause of death associated
with infectious diseases. The mortal-
ity rate due to pneumonia has shown
little improvement over time despite
advances in antimicrobial therapy and
improved intensive care medicine,
and severe sepsis and septic shock are
associated with a mortality rate as
high as 50 % [1]. It has been sug-
gested to use agents that interfere
with the pathogenesis of sepsis by
modulating inflammation and

coagulation. From January 2013 to
January 2014, we prospectively
observed all patients with commu-
nity-onset pneumonia needing
hospitalization at two teaching hos-
pitals in Italy (Policlinico Umberto I,
Rome and University Hospital of
Careggi, Florence). We performed a
post hoc analysis on patients with
pneumonia presenting to the emer-
gency department (ED) with septic
shock, to evaluate whether any clini-
cal factor or therapeutic intervention
is associated with improved survival
in this setting of patients.

Adult patients fulfilling criteria for
community-acquired pneumonia and
healthcare-associated pneumonia
were included in the study. Septic
shock was defined according to Sur-
viving Sepsis Campaign criteria. The
effect of clinical and therapeutics
variables on the primary end-point
was assessed by means of a logistic
regression model. In order to correct
for possible bias arising from the
observational nature of the experi-
ment, we corrected all relevant effect
estimates and p values with the
propensity score analysis.

Overall, 188 patients with pneu-
monia and septic shock were included
in the analysis. The 30-day mortality
rate was 42.5 %. No difference in the
term of median age was detected
between survivors and non-survivors.
Patients who died had a higher mean
sequential organ failure assessment
(SOFA) score, presented more fre-
quently with delirium, had a more
frequent PaO2/FiO2 ratio\300, nee-
ded more frequent mechanical
ventilation, non-invasive ventilation,
and continuous renal replacement
therapy. Survivors were more likely

to receive macrolide therapy and a
combination of aspirin plus a macro-
lide (see supplementary material). All
patients taking aspirin were on
chronic aspirin therapy at a dosage of
100 mg/day. At Cox regression anal-
ysis SOFA score[3 [hazard ratio
(HR) 1.13, 95 % confidence interval
(CI) 1.06–1.20, p\ 0.001], delirium
(HR 1.56, 95 %CI 1.14–3.23,
p = 0.01), and PaO2/FiO2 ratio\300
(HR 2.42, 95 % CI 1.28–3.56,
p\ 0.001) were independently asso-
ciated with death, while receipt of
aspirin plus a macrolide (HR 0.24,
95 % CI 0.08–0.79, p = 0.01) was
associated with survival. This latter
finding was confirmed by the
propensity score adjusted estimates
(see Table 1).

The use of macrolides has been
previously associated with lower
mortality in patients with severe
pneumonia, and the administration of
clarithromycin has been associated
with restoration of the balance
between pro-inflammatory versus
anti-inflammatory mediators in
patients with Gram-negative sepsis
and ventilator-associated pneumonia
(VAP). A further double-blind, ran-
domized, multicenter trial found that
clarithromycin accelerates resolution
of VAP, and favors weaning from
mechanical ventilation [2]. As
regards to aspirin, a propensity-ad-
justed analysis by Chen and
coworkers revealed that the pre-hos-
pital use of aspirin was associated
with a decreased risk of developing
an acute respiratory distress syn-
drome (ARDS) [3]. Furthermore, we
recently reported a beneficial activity
of aspirin in patients with commu-
nity-onset pneumonia, with a

Table 1 Effect of aspirin and macrolide therapy alone and in combination after adjustment by propensity score

Population analyzed Hazard ratio 95 % Confidence interval p value

Aspirin plus macrolides (n = 46) 0.2523 0.078–0.816 0.021
Macrolides (aspirin group, n = 26) 0.084 0.016–0.432 0.003
Aspirin (macrolides group, n = 29) 0.407 0.064–2.592 0.342
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restoration of the balance between pro-inflammatory versus anti-inflammatory mediators 
in patients with Gram-negative sepsis and ventilator-associated pneumonia (VAP). A 
further double-blind, ran- domized, multicenter trial found that clarithromycin accelerates 
resolution of VAP, and favors weaning from mechanical ventilation [2]. 

2. Giamarellos-Bourboulis EJ, Peche`re JC, Routsi C, Plachouras D, Kollias S, Raftogiannis M, 
Zervakis D, Baziaka F, Koronaios A, Antonopoulou A, Markaki V, Koutoukas P, Papadomichelakis 
E, Tsaganos T, Armaganidis A, Koussoulas V, Kotanidou A, Roussos C, Giamarellou H (2008) 
Effect of clarithromycin in patients with sepsis and ventilator- associated pneumonia. Clin Infect 
Dis 46:1157–1164 
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That macrolide antibiotics appear to confer a signifi- cant survival advantage in patients 
with severe community-acquired pneumonia is not a new concept, with multiple 
observational and retrospective studies demonstrating substantial mortality benefits [2–7]. 
How- ever, as has been pointed out in many editorials and reviews, none of these studies 
are prospective, random- ized controlled trials. In the absence of scientifically irrefutable 
evidence, at what point does the weight of data in favor of using macrolides become so 
overwhelming that their use is obligatory? 

There is substantive evidence for macrolides having an immunomodulating effect on the 
host immune response [11], and this may be a key factor in their apparent clinical benefit. 
However, the recent demon- stration that most patients with community-acquired 
pneumonia and sepsis-related organ dysfunction have high systemic pneumococcal 
bacterial loads [12] suggests to me that the now well-recognized anti-toxin effects of 
macrolides, even in macrolide-resistant organisms [13], also play a key role. Importantly, 
neither fluroquinolones nor tetracyclines were observed to have anti-pneumolysin effects 
in pneumococci [13]. 

Given the overwhelming weight of data, I believe that macrolides should be obligatory in 
all cases of severe community-acquired pneumonia. With odds ratios for death ranging 
from two to six times greater in non-mac- rolide-treated patients [1, 3, 4, 7], and given the 
low risk and cost of such treatment, refusal to do so out of scep- ticism of the data is 
unjustifiable. 
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In this issue of Intensive Care Medicine, Martin-Loeches
and colleagues [1] present an analysis of a cohort of 218
patients with community-acquired pneumonia requiring
mechanical ventilation enrolled into a larger, observa-
tional, multi-center European study. The major finding of
the study in this issue was that the 42 patients who
received a macrolide antibiotic had half the mortality rate
of other patients after adjusting for severity of illness at
presentation.

That macrolide antibiotics appear to confer a signifi-
cant survival advantage in patients with severe
community-acquired pneumonia is not a new concept,
with multiple observational and retrospective studies
demonstrating substantial mortality benefits [2–7]. How-
ever, as has been pointed out in many editorials and
reviews, none of these studies are prospective, random-
ized controlled trials. In the absence of scientifically
irrefutable evidence, at what point does the weight of data
in favor of using macrolides become so overwhelming
that their use is obligatory?

If we look at the potential downsides of making mac-
rolides obligatory, then there is an obvious economic cost
if they are not needed. However, relative to most costs in

health care, the economic burden is trivial. Unnecessary
macrolide use could perceivably contribute to increased
antibiotic resistance to this class of antibiotics in the
community, but the reality is that patients hospitalized
with community-acquired pneumonia account for a min-
ute portion of total antibiotic use, and this is not a
sustainable argument given the already widespread use of
this class of agents in the outpatient setting for upper and
lower respiratory tract infections. Overuse of macrolides,
like any antibiotic, could theoretically lead to selection
for multi-resistant pathogens. However, the risk of this
seems to be smaller than for broad-spectrum beta-lactams,
third-generation cephalosporins and fluroquinolones,
which all have well-documented track records of this
adverse side effect. As with all antibiotics, drug reactions
can occur, but macrolides are generally a very safe class
of antibiotics. An increased incidence of arrhythmias has
been reported with macrolides because of prolongation of
the Q-T interval, but overall the risk is no greater than that
associated with fluroquinolones [8].

If there is no major downside to adding a macrolide,
the next question is whether these are the best agents or
whether other antibiotics or antibiotic combinations have
an equivalent or greater beneficial effect. One of the
proposed (and I think the least likely) potential explana-
tions for the benefit of macrolides is covering
unrecognized ‘atypical’ pathogens (such as Legionella
spp. or Mycoplasma). If this were the mechanism, then
there should be equivalent benefit from fluroquinolones
and tetracyclines. However, just as previous observational
studies have shown [9, 10], the current study by Martin-
Loeches and colleagues [1] also clearly demonstrates that
fluroquinolones do not give the same apparent protective
effect as macrolides. Although much more limited, there
are also some data suggesting that tetracyclines are also
not as efficacious as macrolides [10].

That the benefit of macrolides is almost certainly not
driven by undiagnosed atypical pathogens invalidates the
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Abstract Objective: To assess the
effect on survival of macrolides or
fluoroquinolones in intubated patients
admitted to the intensive care unit
(ICU) with severe community-
acquired pneumonia (severe CAP).
Methods: Prospective, observa-
tional cohort, multicenter study
conducted in 27 ICUs of 9 European
countries. Two hundred eighteen
consecutive patients requiring inva-
sive mechanical ventilation for an
admission diagnosis of CAP were
recruited. Results: Severe sepsis
and septic shock were present in 165
(75.7%) patients. Microbiological
documentation was obtained in 102
(46.8%) patients. ICU mortality was
37.6% (n = 82). Non-survivors were
older (58.6 ± 16.1 vs.
63.4 ± 16.7 years, P\ 0.05) and
presented a higher score on the
simplified Acute Physiology Score II
at admission (45.6 ± 15.4 vs.
50.8 ± 17.5, P\ 0.05).

Monotherapy was given in 43
(19.7%) and combination therapy in
175 (80.3%) patients. Empirical anti-
biotic therapy was in accordance with
the 2007 Infectious Diseases Society
of America (IDSA)/American Tho-
racic Society (ATS) guidelines in 100
(45.9%) patients (macrolides in 46
patients and fluoroquinolones in 54).
In this cohort, a Cox regression
analysis adjusted by severity identi-
fied that macrolide use was associated
with lower ICU mortality (hazard
ratio, HR 0.48, confidence intervals,
95% CI 0.23–0.97, P = 0.04) when
compared to the use of fluoroquino-
lones. When more severe patients
presenting severe sepsis and septic
shock were analyzed (n = 92), simi-
lar results were obtained (HR 0.44,
95% CI 0.20–0.95, P = 0.03).
Conclusions: Patients with severe
community-acquired pneumonia had
a low adherence with the 2007 IDSA/
ATS guidelines. Combination therapy
with macrolides should be preferred
in intubated patients with severe
CAP.
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Objective: To assess the effect on survival of macrolides or fluoroquinolones in intubated 
patients admitted to the intensive care unit (ICU) with severe community- acquired 
pneumonia (severe CAP). Methods: Prospective, observa- tional cohort, multicenter study 
conducted in 27 ICUs of 9 European countries. Two hundred eighteen consecutive 
patients requiring inva- sive mechanical ventilation for an admission diagnosis of CAP 
were recruited. 

In this cohort, a Cox regression analysis adjusted by severity identi- fied that macrolide 
use was associated with lower ICU mortality (hazard ratio, HR 0.48, confidence intervals, 
95% CI 0.23–0.97, P = 0.04) when compared to the use of fluoroquino- lones. When more 
severe patients presenting severe sepsis and septic shock were analyzed (n = 92), similar 
results were obtained (HR 0.44, 95% CI 0.20–0.95, P = 0.03). 

combination therapy in accordance with 2007 IDSA/ATS
guidelines, a Cox regression analysis adjusted by etiology
and severity identified that using a macrolide was asso-
ciated with lower ICU mortality (HR 0.48, 95% CI 0.23–
0.97, P = 0.04) when compared to quinolone use
(Fig. 2). When the model was adjusted for etiology, the
use of macrolides remained associated with lower mor-
tality. Moreover, when patients presenting severe sepsis/
septic shock due to CAP were analyzed (n= 92), a
similar protective survival effect was observed in the

macrolide combination therapy group (HR 0.44, 95% CI
0.20–0.95, P = 0.03) (Fig. 3). The numbers were too
small to allow for analysis of the administration of mac-
rolides in patients with sepsis.

Table 4 Quinolone-based regimens in accordance with the 2007 IDSA/ATS guidelines

Levofloxacin* (n= 28) Ciprofloxacin (n= 18) Moxifloxacin (n= 8)

No antipseudomonal b-lactam 16 (29.6%) 1 (1.8%)
Antipseudomonal b-lactam 12 (22.2%) 18 (33.3%) 7 (12.9%)

* Fifteen (53.5%) patients received a dosage of levofloxacin[500 mg/day

Table 5 Comparison of demographic and clinical characteristics among 100 patients with CAP that received initial macrolide versus
quinolones therapy in accordance with the 2007 IDSA/ATS guidelines

Overall Severe sepsis and septic shock

IDSA/ATS
concordant
(n= 100)

Macrolides
(n= 46)

Quinolones
(n= 54)

P value IDSA/ATS
concordant
(n= 92)

Macrolides
(n= 40)

Quinolones
(n= 52)

P value

Age mean years (SD) 57.6 (16.2) 58.2 (16.4) 57.1 (16.2) 0.73 57.8 (16.1) 58.9 (16.3) 57.04 (16.1) 0.58
Male gender, n (%) 61 (61.0%) 25 (54.3%) 36 (66.7%) 0.22 58 (63.0%) 22 (55.0%) 36 (69.2%) 0.19
Mean SAPS II score (SD) 46.9 (15.6) 44.3 (15.5) 49.2 (15.5) 0.11 46.6 (15.6) 44.1 (16.1) 48.6 (15.2) 0.18
Mean SOFA score (SD) 7.68 (3.9) 7.18 (3.9) 8.14 (3.9) 0.26 7.85 (3.9) 7.33 (4.0) 8.29 (3.8) 0.29
Preexisting comorbid conditions
COPD, n (%) 14 (14.0%) 7 (15.2%) 7 (13.0%) 0.77 14 (15.2%) 7 (17.5%) 7 (13.5%) 0.77
Diabetes, n (%) 18 (18.0%) 7 (15.2%) 11 (20.4%) 0.61 16 (17.4%) 6 (15.0%) 10 (19.2%) 0.78
Cardiomyopathy, n (%) 23 (23.0%) 10 (21.7%) 13 (24.1%) 0.81 22 (23.9%) 9 (22.5%) 13 (25.0%) 0.81
Chronic renal failure, n (%) 11 (11.0%) 3 (6.5%) 8 (14.8%) 0.21 11 (12.0%) 3 (7.5%) 8 (15.4%) 0.33
Alcohol, n (%) 14 (14.0%) 4 (8.7%) 10 (18.5%) 0.24 13 (14.1%) 4 (10.0%) 9 (17.3%) 0.37
Bacteremia, n (%) 10 (10.0%) 6 (13.0%) 4 (7.4%) 0.73 9 (12.7%) 5 (14.7%) 4 (10.8%) 0.73

SAPS Simplified Acute Physiology Score, SOFA Sequential Organ Failure Assessment, ICU intensive care unit, COPD chronic
obstructive pulmonary disease, IDSA Infectious Disease Society of America, ATS American Thoracic Society
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combination therapy in accordance with 2007 IDSA/ATS
guidelines, a Cox regression analysis adjusted by etiology
and severity identified that using a macrolide was asso-
ciated with lower ICU mortality (HR 0.48, 95% CI 0.23–
0.97, P = 0.04) when compared to quinolone use
(Fig. 2). When the model was adjusted for etiology, the
use of macrolides remained associated with lower mor-
tality. Moreover, when patients presenting severe sepsis/
septic shock due to CAP were analyzed (n= 92), a
similar protective survival effect was observed in the

macrolide combination therapy group (HR 0.44, 95% CI
0.20–0.95, P = 0.03) (Fig. 3). The numbers were too
small to allow for analysis of the administration of mac-
rolides in patients with sepsis.

Table 4 Quinolone-based regimens in accordance with the 2007 IDSA/ATS guidelines

Levofloxacin* (n= 28) Ciprofloxacin (n= 18) Moxifloxacin (n= 8)

No antipseudomonal b-lactam 16 (29.6%) 1 (1.8%)
Antipseudomonal b-lactam 12 (22.2%) 18 (33.3%) 7 (12.9%)

* Fifteen (53.5%) patients received a dosage of levofloxacin[500 mg/day

Table 5 Comparison of demographic and clinical characteristics among 100 patients with CAP that received initial macrolide versus
quinolones therapy in accordance with the 2007 IDSA/ATS guidelines

Overall Severe sepsis and septic shock

IDSA/ATS
concordant
(n= 100)

Macrolides
(n= 46)

Quinolones
(n= 54)

P value IDSA/ATS
concordant
(n= 92)

Macrolides
(n= 40)

Quinolones
(n= 52)

P value

Age mean years (SD) 57.6 (16.2) 58.2 (16.4) 57.1 (16.2) 0.73 57.8 (16.1) 58.9 (16.3) 57.04 (16.1) 0.58
Male gender, n (%) 61 (61.0%) 25 (54.3%) 36 (66.7%) 0.22 58 (63.0%) 22 (55.0%) 36 (69.2%) 0.19
Mean SAPS II score (SD) 46.9 (15.6) 44.3 (15.5) 49.2 (15.5) 0.11 46.6 (15.6) 44.1 (16.1) 48.6 (15.2) 0.18
Mean SOFA score (SD) 7.68 (3.9) 7.18 (3.9) 8.14 (3.9) 0.26 7.85 (3.9) 7.33 (4.0) 8.29 (3.8) 0.29
Preexisting comorbid conditions
COPD, n (%) 14 (14.0%) 7 (15.2%) 7 (13.0%) 0.77 14 (15.2%) 7 (17.5%) 7 (13.5%) 0.77
Diabetes, n (%) 18 (18.0%) 7 (15.2%) 11 (20.4%) 0.61 16 (17.4%) 6 (15.0%) 10 (19.2%) 0.78
Cardiomyopathy, n (%) 23 (23.0%) 10 (21.7%) 13 (24.1%) 0.81 22 (23.9%) 9 (22.5%) 13 (25.0%) 0.81
Chronic renal failure, n (%) 11 (11.0%) 3 (6.5%) 8 (14.8%) 0.21 11 (12.0%) 3 (7.5%) 8 (15.4%) 0.33
Alcohol, n (%) 14 (14.0%) 4 (8.7%) 10 (18.5%) 0.24 13 (14.1%) 4 (10.0%) 9 (17.3%) 0.37
Bacteremia, n (%) 10 (10.0%) 6 (13.0%) 4 (7.4%) 0.73 9 (12.7%) 5 (14.7%) 4 (10.8%) 0.73

SAPS Simplified Acute Physiology Score, SOFA Sequential Organ Failure Assessment, ICU intensive care unit, COPD chronic
obstructive pulmonary disease, IDSA Infectious Disease Society of America, ATS American Thoracic Society
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Combination therapy with two antimicrobial agents  
is superior to monotherapy in severe community- acquired pneumonia, and recent data 
suggest that addition of a macrolide as the second antibiotic might be superior to other 
combinations. This observation requires con rmation in a randomised control trial, but this 
group of antibiotics have pleiotropic e ects that extend beyond bacterial killing. 
Macrolides inhibit bacterial cell-to-cell communication or quorum sensing, which not 
only might be an important mechanism of action for these drugs in severe infections but 
may also provide a novel target for the development of new anti-infective drugs. 

In addition to activity against atypical bacteria, macro- lides have ubiquitous 
immunomodulatory eðects. Specu- lating how this group of drugs might offer a survival 
advantage when added to a à-lactam is therefore of interest, and several plausible 
mechanisms exist. 

Moreover, studies limited to pneu- mococcal disease demonstrate that addition of a 
macro- lide improves survival [8]. It also seems improbable that synergistic killing is 
responsible, as equivalency with fluoroquinolones would be expected. 

Many researchers have focused on the pleiotropic immunomodulatory eðects [9] observed 
with macrolides as the reason why these agents may be beneficial in CAP. Macrolides, at 
doses lower than those required for antibacterial activity, alter the production of cytokines 
and chemokines, and reduce cellular infiltrates and mucous production [9]. e 
immunomodulatory eðects of macrolides are illustrated by diðuse panbronchiolitis. A 
chronic progressive lung disease found largely in Japan, diðuse panbronchiolitis is 
characterised by mixed restrictive and obstructive pulmonary function, inter- stitial 
infiltrates and Pseudomonas aeruginosa infection. Long-term, low-dose macrolide 
treatment improves lung function and increases 10-year survival rates from around 15 to 
90% [9]. 

Macrolides are now being explored in new therapeutic strategies for a wide range of 
pulmonary and extra- pulmonary conditions, including asthma, cystic fibrosis, 
rhinosinusitis, inflammatory bowel disease, psoriasis and rosacea [9]. 

Outcome in community-acquired pneumonia (CAP) is 
adversely aff ected by increasing severity of illness, co-
morbidity and age. Organisational factors such as timely 
administration of appropriate antibiotics, prompt 
admission to critical care and adherence to antibiotic 
policies, however, are also important in infl uencing out-
come [1-3]. Combination therapy with two antimicrobial 
agents seems superior to monotherapy in severe CAP, 
and this approach is recommended by a number of 
organisations [4,5]. Th e Infectious Diseases Society of 
America/American Th oracic Society guidelines suggest 
therapy with a β-lactam antibiotic, with the addition of 
either a macrolide or fl uoroquinolone antibiotic [4], 
whilst the British Th oracic Society recommends initiating 
a β-lactam/macrolide antibiotic combination [5].

Martin-Loeches and colleagues recently conducted a 
prospective, observational cohort, multicentre study 
involving 218 mechanically ventilated CAP patients to 
see what eff ect diff erent antibiotic combinations had on 
mortality [6]. Th ese investigators reported that the 

addition of a macrolide, but not a fl uoroquinolone, to 
standard antibiotic therapy was associated with reduced 
mortality in patients admitted to critical care with CAP. 
Death in critical care occurred in 26.1% of individuals 
receiving combi nation therapy with a macrolide, 
compared with 46.3% in those receiving fl uoroquinolones 
[6]. Th ese results support data from other observational 
studies that suggest β-lactam/macrolide combinations 
off er a survival advantage in severe CAP. Th is body of 
data is not scientifi cally robust enough, however, to 
adequately answer the question of whether adding a 
macrolide to a β-lactam confers a survival advantage – 
this will only be satisfactorily addressed by a large 
prospective random ised control trial.

In addition to activity against atypical bacteria, macro-
lides have ubiquitous immunomodulatory eff ects. Specu-
lat ing how this group of drugs might off er a survival 
advantage when added to a β-lactam is therefore of 
interest, and several plausible mechanisms exist. Treat-
ment of undiagnosed atypical pneumonia could occur 
since 53% of patients in the reported study had no 
microbiological diagnosis [6]; however, this seems 
unlikely as one might expect fl uoroquinolones to be 
equally eff ective [7]. More over, studies limited to pneu-
mo coccal disease demon strate that addition of a macro-
lide improves survival [8]. It also seems improbable that 
synergistic killing is responsible, as equivalency with 
fl uoroquino lones would be expected.

Many researchers have focused on the pleiotropic 
immunomodulatory eff ects [9] observed with macrolides 
as the reason why these agents may be benefi cial in CAP. 
Macrolides, at doses lower than those required for 
antibacterial activity, alter the production of cytokines 
and chemokines, and reduce cellular infi ltrates and 
mucous production [9]. Th e immunomodulatory eff ects 
of macrolides are illustrated by diff use panbronchiolitis. 
A chronic progressive lung disease found largely in Japan, 
diff use panbronchiolitis is characterised by mixed 
restrictive and obstructive pulmonary function, inter-
stitial infi ltrates and Pseudomonas aeruginosa infection. 
Long-term, low-dose macrolide treatment improves lung 
function and increases 10-year survival rates from 
around 15 to 90% [9].

Abstract
Combination therapy with two antimicrobial agents 
is superior to monotherapy in severe community-
acquired pneumonia, and recent data suggest that 
addition of a macrolide as the second antibiotic might 
be superior to other combinations. This observation 
requires confi rmation in a randomised control trial, 
but this group of antibiotics have pleiotropic eff ects 
that extend beyond bacterial killing. Macrolides inhibit 
bacterial cell-to-cell communication or quorum 
sensing, which not only might be an important 
mechanism of action for these drugs in severe 
infections but may also provide a novel target for the 
development of new anti-infective drugs.
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Quorum sensing describes bacterial cell-to-cell communication that occurs as a function 
of changing cell density. ese communication pathways are important in the pathogenesis 
of bacterial species causing human disease, including Staphylococcus aureus, 
Streptococcus pneumoniae, Escherichia coli and P. aeruginosa [10,11]. Quorum-sensing 
bacteria produce and release signal molecules or autoinducers, which regulate gene 
expres- sion within the bacterial population and are closely linked to both biofilm 
formation and expression of virulence factors. Biofilms are structured populations of 
bacteria within a polysaccharide matrix, and these growth forms are more resistant to 
antibiotics. 

Macrolides at subminimum inhibitory concentrations have been demonstrated to 
antagonise quorum sensing in P. aeruginosa, resulting in diminished virulence, bio- film 
formation and oxidative stress response [13]. 

At a time when few new antimicrobial agents are being commercially developed for 
clinical use and the burden of infection caused by multiresistant bacteria is increasing, the 
need for novel approaches to the management of infection is essential. Quorum sensing 
determines both bacterial virulence and biofilm formation; it is a common pathway for 
pathogens and represents an attractive new target for the development of drugs in the fight 
against infection [10]. 

Prina et al. Critical Care (2016) 20:267 

The best antibiotic strategy for the treatment of CAP is currently a subject of debate. For 
severe CAP, international guidelines suggest the use of two antibiotics such as a β- lactam 
plus a macrolide or a β-lactam plus respiratory quinolone (levofloxacin or moxifloxacin) 
[40]. However, many observational studies and a recent meta-analysis have shown that 
the use of a β-lactam plus a macrolide is the best choice because it is associated with a 
better outcome and lower mortality in patients with severe CAP, especially in bacteremic 
pneumococcal CAP. The mechanisms responsible for the favorable effects related to the 
use of macrolides are not clear and have been attributed in part to their 
immunomodulatory effect, as observed in some studies [41]. In vitro and in vivo 
experimental models have shown that macrolides inhibit cytokine secretion by inflam- 
matory and structural cells of the respiratory tract [42]. 
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Abstract

Despite improvements in the management of
community-acquired pneumonia (CAP), morbidity and
mortality are still high, especially in patients with more
severe disease. Early and appropriate antibiotics remain
the cornerstone in the treatment of CAP. However, two
aspects seem to contribute to a worse outcome: an
uncontrolled inflammatory reaction and an inadequate
immune response. Adjuvant treatments, such as
corticosteroids and intravenous immunoglobulins, have
been proposed to counterbalance these effects. The
use of corticosteroids in patients with severe CAP and a
strong inflammatory reaction can reduce the time to
clinical stability, the risk of treatment failure, and the risk
of progression to acute respiratory distress syndrome.
The administration of intravenous immunoglobulins
seems to reinforce the immune response to the
infection in particular in patients with inadequate levels
of antibodies and when an enriched IgM preparation
has been used; however, more studies are needed to
determinate their impact on outcome and to define the
population that will receive more benefit.

Keywords: Community-acquired pneumonia,
Corticosteroid, Immunoglobulin

Background
Despite the use of early and appropriate antibiotic treat-
ment, mortality related to community-acquired pneumo-
nia (CAP) is still high [1], especially in patients with
severe disease. Previous studies have shown that ap-
proximately 18 % of patients hospitalized for CAP
matched the criteria for severe CAP. These patients
more frequently present with septic shock and need for
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mechanical ventilation, with a mortality of approximately
29 % [2]. In addition to the infection, septic shock is gen-
erally thought to be caused by an excessive or uncon-
trolled pro-inflammatory response [3].
Pneumonia is a complex disease caused by the action

of pathogens and the local and systemic inflammatory
responses of the patient. A stronger inflammatory re-
sponse has been shown to be associated with treatment
failure and mortality [4]. In particular, high levels of
interleukin (IL)-6, IL-8, and IL-10 have been detected in
patients with severe pneumonia and excess IL-6 and IL-
10 was associated with increased mortality (from 4.8 to
11.4 %) [5, 6].
Moreover, in some patients with CAP, excessive levels of

cytokines can be released (called the Jarisch–Herxheimer-
like reaction) after the initiation of antibiotics, causing
damage similar to other infections characterized by high
bacterial load (e.g., meningococcal meningitis) [7, 8].
Another aspect regarding the immune response to the

infection is that low levels of immunoglobulins are
found, particularly in patients with recurrent episodes of
pneumonia, and may be responsible for the predispos-
ition to recurrent infections and worse outcome [9].
Considering that pathogens resistant to the empiric

antibiotic treatment are not a common cause of CAP,
two aspects seem to contribute to a worse outcome: an
uncontrolled inflammatory reaction and an inadequate
immune response. Adjuvant treatments, such as cortico-
steroids and intravenous immunoglobulins, have been
proposed to counterbalance these effects.

Corticosteroids in CAP
Corticosteroids: mechanism of action
During an infection, endogenous corticosteroids are
produced by the activation of the hypothalamic–pituitary–
adrenal axis with the aim of controlling excessive inflam-
mation. The free cortisol, which is the active form of the
hormone, induces the expression of anti-inflammatory
proteins and inhibition of proinflammatory proteins [10].

© 2016 Prina et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
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the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
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Objectives: To compare the effects of subinhibitory concentrations of amoxicillin, ceftriaxone, 
azithromycin, clarithromycin, erythromycin, telithromycin, clindamycin, ciprofloxacin, 
moxifloxacin, tobramycin and doxycycline on pneumolysin production by a macrolide-susceptible 
strain and two macrolide-resistant strains [erm(B) or mef(A)] of Streptococcus pneumoniae. 

Methods: Pneumolysin was assayed using a functional procedure based on the influx of Ca21 into 
human neutrophils. 

Results: Only the macrolides/macrolide-like agents caused significant attenuation of the production 
of pneumolysin, which was evident with all three strains of the pneumococcus. 

Conclusions: Macrolides, at sub-MICs, but not other classes of antibiotic, subvert the production of 
pneumolysin, even in the presence of (and irrespective of the mechanism of) macrolide resistance in 
S. pneumoniae. 
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A survival advantage of macrolides is appealing and plau- sible, as in addition to their 
known antimicrobial activity, mac- rolides have immunomodulatory effects attributed to 
their 14 and 15 member lactone rings. The clinical evidence of this is classically 
demonstrated in diffuse panbronchiolitis but also in cystic fibrosis and non-cystic fibrosis 
bronchiectasis where macrolides have demonstrated benefits that appear to go beyond 
their antimicrobial activity (7). 
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Objectives: To compare the effects of subinhibitory concentrations of amoxicillin, ceftriaxone,
azithromycin, clarithromycin, erythromycin, telithromycin, clindamycin, ciprofloxacin, moxifloxacin,
tobramycin and doxycycline on pneumolysin production by a macrolide-susceptible strain and two
macrolide-resistant strains [erm(B) or mef(A)] of Streptococcus pneumoniae.

Methods: Pneumolysin was assayed using a functional procedure based on the influx of Ca2 1 into
human neutrophils.

Results: Only the macrolides/macrolide-like agents caused significant attenuation of the production of
pneumolysin, which was evident with all three strains of the pneumococcus.

Conclusions: Macrolides, at sub-MICs, but not other classes of antibiotic, subvert the production of
pneumolysin, even in the presence of (and irrespective of the mechanism of) macrolide resistance in
S. pneumoniae.

Keywords: macrolide resistance, pneumococcus, protein synthesis

Introduction

We and others have reported that macrolide antibiotics, at thera-
peutically relevant concentrations, inhibit the production of the
pneumococcal toxin, pneumolysin, by macrolide-resistant strains
of Streptococcus pneumoniae in vitro and in vivo.1 – 3

Pneumolysin is believed to cause bacteraemic disease by pro-
moting extra-pulmonary dissemination of the pneumococcus.4

Clarithromycin-mediated inhibition of the production of pneu-
molysin by macrolide-resistant strains of the pneumococcus was
evident at sub-MICs of this antimicrobial agent and was inde-
pendent of the type of macrolide resistance expressed (erm or

mef genes).3 However, relatively little is known about the com-
parative effects of different types of macrolides and macrolide-
like agents at sub-MICs on the production of pneumolysin by
both macrolide-susceptible and macrolide-resistant strains of
S. pneumoniae, as well as the effects on production of the toxin
of other classes of antibiotics that may be used in the treatment
of pneumococcal infection.

In the current study, we have compared the effects of macro-
lides (clarithromycin, erythromycin, azithromycin, telithromycin
and clindamycin) with those of amoxicillin, ceftriaxone, cipro-
floxacin, moxifloxacin, tobramycin and doxycycline, all at a
fixed final concentration of 0.1 mg/L, on the production of
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anticoagulant treatment in patients sustaining SI-ALI. None-
theless, the work of Miller et al (12) advances our knowledge 
of the promise of this approach and its potential translation to 
other disease entities.
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Community-acquired pneumonia remains one of the 
leading indications for ICU admission internation-
ally, with 5–15% of hospitalized cases resulting in 

ICU admission (1). The causative pathogen is rarely known at 
admission, and so antibiotic prescribing is empirical, directed 
at the organisms most likely to be responsible based on epide-
miological data.

The likely causative organisms in an ICU context are well 
described and include the most common pathogen, Strepto-
coccus pneumoniae along with Staphylococcus aureus, Legionella 
pneumophila, and Gram-negative organisms. Some organisms 
particularly the atypical pathogens Mycoplasma pneumoniae, 
Chlamydophila pneumoniae, viruses, and the typical pathogen 
Haemophilus influenzae are apparently less common in an ICU 
context but are still prevalent (2, 3).

With knowledge of these likely pathogens, guidelines from 
the Infectious Disease Society of America/American Thoracic 
Society, the British Thoracic Society, and others internationally 
recommend a combination of β-lactam antibiotics, which have 
activity against “typical” pneumonia pathogens and an agent 
with activity against atypical pathogens, such as a macrolide or 
fluoroquinolone (3–5).

Due to an absence of randomized controlled trials (RCTs) in 
this area, there is no firm evidence of superiority for any of the 
recommended antibiotic regimes, and guidelines are based on a 
combination of observational evidence and expert opinion (3, 4).

In this issue of Critical Care Medicine, Sligl et al (6) present 
a meta-analysis of observational studies comparing mortal-
ity in patients treated with macrolide-containing regimes and 
regimes not containing a macrolide (including fluoroquino-
lone-containing regimes and those providing no “atypical” 
antibiotic coverage). This analysis is an impressive achieve-
ment, as no previous studies have been able to specifically 
evaluate the performance of macrolides in the ICU-admitted 
population, and this was achieved by obtaining large amounts 
of unpublished data, in a systematic way, from the authors of 
the original publications.

Sligl et al (6) report a 3% absolute (18% relative) reduction 
in mortality with macrolide-containing regimes. This differ-
ence persisted when excluding patients treated with macrolide 
monotherapy, but the authors found no statistically significant 
difference comparing β-lactam macrolide versus β-lactam and 
fluoroquinolone combinations (6).

A survival advantage of macrolides is appealing and plau-
sible, as in addition to their known antimicrobial activity, mac-
rolides have immunomodulatory effects attributed to their 14 

*See also p. 420.
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If our findings are not a result of chance, bias, or confound- ing, the mortality differences 
observed might relate, as men- tioned above, to the non-antimicrobial immune 
modulatory properties of macrolides, including alterations in pro- and anti-inflammatory 
cytokines (tumor necrosis factor [TNF-α], interleukin [IL]-1, IL-6, IL-8, and interferon-
γ), and decreased neutrophil chemotaxis, adhesion, and/or oxidative metabo- lism (51). In 
addition, macrolides have been shown to inhibit biofilm formation and decrease mucus 
hypersecretion, leading to improved mucociliary clearance (51). In a study examin- ing 
patterns of cytokine gene expression (52) greater proin- flammatory (IL-10 and TNF-α) 
messenger RNA levels were observed in ICU patients with severe sepsis and septic shock 
when compared with noncritically ill bacteremic patients or healthy controls. 
Furthermore, in a recent study in critically ill patients with ventilator-associated 
pneumonia (53), treatment with clarithromycin restored the balance between pro- and 
anti-inflammatory mediators in patients with sepsis. 

So, what is the clinical relevance of our findings? A random- ized trial might be 
considered prohibitive, as to demonstrate a 3% absolute mortality difference with a 
control group event rate of 24% and 80% power would require approximately 6,200 
patients in total. Until such a trial is conducted, our anal- ysis represents a synthesis of the 
best available evidence. Our analysis might also suggest that “enough” observational 
stud- ies of this question have been conducted and that a morato- rium on nonrandomized 
studies might be in order. Regardless, based on our results, we would suggest that 
macrolide therapy may be of benefit in critically ill patients with CAP and should be used 
in combination as per guidelines. 
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Anti-inflammatory effects of macrolides—an underappreciated
benefit in the treatment of community-acquired respiratory tract
infections and chronic inflammatory pulmonary conditions?

G. W. Amsden*

The Clinical Pharmacology Research Center and Department of Adult and Pediatric Medicine,
Bassett Healthcare, Cooperstown, NY, USA

Background: It has been recognized for more than 20 years that the macrolides have immunomodula-
tory effects that are beneficial for those suffering from chronic pulmonary inflammatory syndromes,
such as diffuse panbronchiolitis, cystic fibrosis, asthma and bronchiectasis. The macrolides have
consistently been associated with decreased length of stay and mortality when used alone or in combi-
nation with b-lactam antibiotics. This effect can be demonstrated against combinations consisting of
b-lactams and other antibiotics active against ‘atypical chest pathogens’ when treating community-
acquired pneumonia (CAP) in hospitalized patients. As such, it appears that the macrolides’ effects in
CAP patients are more than just antibacterial in nature.

Aims of this review : This review aims: to give the reader information on the background areas
described, as well as related areas; to review the CAP benefits with macrolides and how they may be
related to the immunomodulatory properties they demonstrate, albeit in a shorter period of time than
previously demonstrated with chronic pulmonary disorders; to use ex vivo data to support these
extrapolations.

Literature search: A literature search using Medline was conducted from 1966 onwards, searching for
articles with relevant key words such as macrolide, diffuse panbronchiolitis, community-acquired
pneumonia, biofilm, immunomodulation, cystic fibrosis, erythromycin, clarithromycin, roxithromycin
and azithromycin, bronchiectasis and asthma. When appropriate, additional references were found
from the bibliographies of identified papers of interest. Any relevant scientific conference proceedings
or medical texts were checked when necessary.

Conclusions: (1) Research into macrolide immunomodulation for chronic pulmonary disorders demon-
strates consistent positive effects, although of types other than seen with diffuse panbronchiolitis.
These effects, together with their inhibitory activity on biofilms, have the potential to make them a use-
ful option. (2) The benefits for CAP are consistent, and higher when a macrolide is given with another
atypical agent than if the other atypical agent is given alone, suggesting a non-antibacterial benefit. (3)
Recent research of the immunomodulatory properties of azithromycin imply that azithromycin may
have a previously unknown short-term biphasic effect on inflammation modulation: enhancement of
host defence mechanisms shortly after initial administration followed by curtailment of local infectio-
n/inflammation in the following period. (4) Additional in vivo research is needed prior to developing
any firm conclusions.

Keywords: azithromycin, clarithromycin, erythromycin, pneumonia, diffuse panbronchiolitis

Macrolide benefits beyond antimicrobial activity:
early observations

Although macrolides have been used predominantly for their
antimicrobial activity over the past 50 years, a lesser known
application, which has been modest for ! 2–3 decades, is

becoming more mainstream, in both research and use. In the
early 1980s, it was discovered that chronic treatment with ery-
thromycin resulted in dramatically improved 5 year survival
rates in patients suffering from the chronic inflammatory pul-
monary disease, diffuse panbronchiolitis (DPB). Prior to this dis-
covery, the 5 year survival rate of DPB patients was ! 63%,
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Impact of macrolide therapy on mortality
for patients with severe sepsis
due to pneumonia
M.I. Restrepo*,#,", E.M. Mortensen*,",+, G.W. Waterer1, R.G. Wunderinke,
J.J. Coalson** and A. Anzueto#,"

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 mortality for patients with severe sepsis caused by pneumonia.

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.

Severe sepsis was present in 237 (30.1%) subjects, out of whom 104 (43.9%) 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 (CI) 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).

Macrolide use was associated with decreased mortality in patients with severe sepsis due to
pneumonia and macrolide-resistant pathogens. Confirmatory studies are needed to determine
whether macrolide therapy may be protective for patients with sepsis.

KEYWORDS: Antibiotics, community-acquired pneumonia, outcomes, sepsis

S
epsis affects .700,000 patients annually in
the USA [1]. In addition, severe 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].
Respiratory infections, whether community- or
hospital-acquired, account for the largest 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
mortality due to pneumonia decreased signifi-
cantly with the introduction of antibiotics in the
1950s, since that time mortality has been stable 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].

Recent studies suggest that macrolides may have
beneficial effects for patients at risk from certain

infections, due to their immunomodulatory effects
rather than their antimicrobial properties [7].
These immunomodulatory effects are supported
by the clinical success observed in noninfectious,
but immune-related, conditions, including asth-
ma [8], chronic obstructive pulmonary disease
(COPD) [9], diffuse panbronchiolitis [10] and
bronchiectasis [10]. In addition, much of the
beneficial effect of macrolides seen in patients
with bacteraemic pneumococcal pneumonia [11–
16] and CAP may also be due to the immuno-
modulatory effects rather than solely the antimi-
crobial effects [17–20]. Cytokines play an important
role in host defence mechanisms for patients with
CAP and severe sepsis [21]. Several cytokines,
including tumour necrosis factor-a, interleukin
(IL)-1, IL-6 and IL-10 have been associated with
sepsis [21]. Macrolides have been demonstrated to
modulate these cytokines, 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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