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Introduction

Community-acquired pneumonia (CAP)
remains a significant healthcare challenge
and contributes substantially to patient
morbidity and mortality worldwide (GBD
2017 Causes of Death Collaborators 2018).
It stands out as a prevalent cause of respi-
ratory failure and admissions to intensive
care units (ICUs) (Cavallazzi et al. 2020).
Within the spectrum of CAP, a subset of
the population experiences severe disease,
classified as severe CAP based on criteria
established by the American Thoracic
Society and Infectious Disease Society of
America (ATS/IDSA) (Metlay et al. 2019;
Dremsizov et al. 2006). Notably, patients
meeting severe CAP criteria could face
in-hospital mortality up to 17%, with a
1-year mortality rate as high as 50% (Caval-
lazzi et al. 2020; Marrie and Shariatzadeh
2007; Riley, Aronsky, and Dean 2004).

The treatment approach to CAP is focused
on early identification, triage to appropriate
levels of care, and prompt administration
of effective antibiotics (Metlay et al. 2019).
However, controversies persist regarding
the optimal choice of therapy and the role
of adjunctive anti-inflammatory treat-
ments, such as the addition of macrolide
antibiotics and systemic corticosteroids.

Given that pneumonia, a common cause
of sepsis, is associated with a dysregulated
immune response leading to systemic
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Anti-Inflammatory Therapies for Severe
Community-Acquired Pneumonia

Emerging evidence highlights the potential advantages of employing anti-inflam-
matory therapies like macrolide antibiotics and corticosteroids in managing severe
community-acquired pneumonia (CAP). Although their use remains a subject of
debate, recent findings indicate improved clinical outcomes, and support the adop-
tion of a tailored approach that emphasises personalised medicine strategies to
optimise treatment efficacy and minimise adverse effects.

inflammation—a cornerstone of sepsis
pathobiology—the consideration of anti-
inflammatory agents is logical.(Angus and
van der Poll 2013) Despite ongoing debates
fuelled by varying evidence, refining the
role of macrolides and corticosteroids in
CAP management is crucial for advanc-
ing treatment strategies and improving
clinical outcomes. Nonetheless, in the
transition towards an era of personalised
medicine, it is important to acknowledge
that therapies may not follow a "one-size-
fits-all" approach, emphasising the need
for individualised treatment strategies.

In this review, we delve into the specific
roles of macrolide antibiotics and systemic
corticosteroids in addressing severe CAP.
We examine the most recent guidelines and
evidence regarding their use and highlight
individual considerations crucial in the
decision-making process when contemplat-
ing the administration of these therapies.

The Role of Macrolide Antibiotics

Macrolide antibiotics have been a recom-
mended component of combination therapy
in the treatment of both CAP and severe
CAP for over a decade (Mandell et al. 2007;
Metlay et al. 2019; Martin-Loeches et al.
2023). Despite accumulating evidence
supporting their clinical efficacy, their
usage remains a topic of debate. In 2019, the
ATS and IDSA issued updated guidelines
advocating for the empirical administra-
tion of beta-lactam antibiotics combined

with macrolides or fluoroquinolones for
patients with severe CAP (Metlay et al.
2019). Similarly, the most recent guidelines
released by the European Respiratory
Society (ERS), the European Society of
Intensive Care Medicine (ESICM), the
European Society of Clinical Microbiol-
ogy and Infectious Diseases (ESCMID),
and the Latin American Thoracic Asso-
ciation (ALAT), also recommended the
combination of beta-lactams with either
a macrolide or fluoroquinolones with a
preference for macrolide antibiotics, for
those with severe CAP (Martin-Loeches
et al. 2023).

Mortality and Clinical Benefits

The recommendations for macrolide anti-
biotics in guidelines are largely informed
by observational studies demonstrating
survival benefits when they are added
to beta-lactams (Garcia Vazquez et al.
2005; Lodise et al. 2007; Martinez et al.
2003; Metersky et al. 2007; Restrepo et al.
2009; Martin-Loeches et al. 2010; Sligl et
al. 2014). In a matched case-controlled
study of two prospective cohorts in Europe
with 80 patients diagnosed with CAP, ICU
mortality had an observed 80% reduction
in the odds of mortality when combination
therapy, including a macrolide, was used
(Gattarello et al. 2014).

To further evaluate the clinical effects
of combination antibiotics, including
macrolides, randomised controlled trials
(RCT) have been conducted. However,

ICU Management & Practice 2 - 2024



https://healthmanagement.org/icu/viewProfile/139460/Di_Pan
mailto:dip9063@med.cornell.edu
https://healthmanagement.org/icu/viewProfile/90079/Michael_Niederman
https://healthmanagement.org/icu/viewProfile/27665/Claudio_Ronco
https://healthmanagement.org/icu/viewProfile/141521/Nicole_Hunfeld
mailto:msn9004@med.cornell.edu

they have yielded conflicting results and
faced notable limitations, with many not
focusing on those with severe CAP. One
study was the Community-Acquired
Pneumonia - Study on the Initial Treat-
ment with Antibiotics of Lower Respira-
tory Tract Infections (CAP-START) that
compared beta-lactam monotherapy to
beta-lactam plus macrolide, or quinolone
therapy. While the study concluded that
beta-lactam monotherapy was non-inferior
to quinolone or beta-lactam plus macrolide
therapy for 90-day mortality, important
criticisms included nearly 25% of patients
without radiographic confirmation of
pneumonia, off-protocol macrolide therapy
in the monotherapy groups (38.7%), and
overall lower disease severity of the patient
population, most notably the exclusion of
ICU patients (Postma et al. 2015). Addi-
tionally, the incidence of atypical bacteria
and resistant Streptococcus pneumoniae was
relatively low in this population, compared
to other regions of the world.

In another non-inferiority RCT, beta-
lactam monotherapy was compared with
beta-lactam plus macrolide therapy in
hospitalised patients with moderately
severe CAP. The study did not find non-
inferiority of monotherapy when compared
to patients with combination therapy in
terms of improvement in clinical stability
at day 7. 90-day mortality, a secondary
outcome, also did not differ between the
two arms (Garin et al. 2014). Further-
more, patients who had microbiological
evidence of atypical infection and those
with a higher pneumonia severity index
(PSIIV) had delayed clinical stability on
monotherapy (Garin et al. 2014).

In response to conflicting evidence, a
more recent multicentre RCT known as
the Anti-inflammatory Action of Oral
Clarithromycin in Community-acquired
Pneumonia (ACCESS) trial was conducted
and focused on those with severe CAP.
This trial evaluated the adjunctive use
of clarithromycin with beta-lactam and
revealed a statistically significant improve-
ment in early clinical response compared
to placebo (Giamarellos-Bourboulis et al.
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2024). Early clinical response was defined
as a composite of at least a 50% decrease
in respiratory symptom severity, at least a
30% decrease in sequential organ failure
assessment (SOFA) score, or favourable
procalcitonin (PCT) kinetics (at least an
80% decrease from baseline) on Day 4 of
trial assessment. While mortality was not
a primary endpoint, the study observed
trends toward improvement at various time
points throughout the study duration, and
a post-hoc analysis demonstrated a mortal-
ity benefit in the clarithromycin group
at the end-of-treatment visit. The study
was meticulously designed and included
patients with more severe community-
acquired pneumonia (CAP) who met
stringent clinical and radiographic criteria.
Exclusion criteria included patients who
had received macrolide antibiotics, cortico-
steroids, or anti-cytokine treatment, had a
QTc interval greater than 500 milliseconds
or had a diagnosis of coronavirus disease
2019 (COVID-19). This trial contributes
robust evidence in support of combination
therapy, particularly involving macrolide
antibiotics, underscoring their utility in
the management of severe CAP.

Beyond Antimicrobial Effects

The clinical benefits of macrolide antibiot-
ics are multifaceted and consist of anti-
inflammatory and immunomodulatory
mechanisms, improved host-pathogen
interactions, as well as providing antimi-
crobial coverage against atypical bacterial
pathogens. This is exemplified in their use
as adjunct immune-modulating therapies
in respiratory diseases such as chronic
obstructive pulmonary disease (COPD)
and bronchiectasis, where they reduce the
potential for exacerbations (Yamaya et al.
2012; Kelly et al. 2018).

In pneumonia, the anti-inflammatory
and immunomodulating benefits are
supported both clinically and biologically.
Clinically, this is evident in the continued
efficacy of macrolides despite the rise in
confirmed resistance in pathogens over time.
For example, the prevalence of macrolide
resistance in S. pneumoniae increased from
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18% in 1998 to approximately 30% in 2019
in the United States, with higher rates of
resistance in Europe and Asia (Hoban et
al. 2001; Song et al. 2004). Despite this,
observational studies have consistently
demonstrated mortality benefits with
macrolide combination therapy spanning
this period (Garcia Vazquez et al. 2005;
Lodise et al. 2007; Martinez et al. 2003;
Metersky et al. 2007; Restrepo et al. 2009;
Gattarello et al. 2014).

To further illustrate the added efficacy
of macrolide antibiotics, a study involv-
ing 237 patients diagnosed with CAP and
sepsis revealed a reduction in mortality
associated with the addition of macrolide in
multivariate analysis, even in the presence
of confirmed macrolide-resistant organ-
isms (Restrepo et al. 2009). Furthermore,
clinical benefits in the face of resistant
organisms have been reaffirmed in patients
with ventilator-associated pneumonia
(VAP), where gram-negative pathogens
predominated and would not have been
expected to be treated by macrolides. In
a double blinded RCT with 200 patients
diagnosed with sepsis and VAP, patients
who received clarithromycin 1 gram for
3 days exhibited a shorter time to VAP
resolution and liberation from mechani-
cal ventilation.

Biologically, macrolides can exert vari-
ous effects. From the perspective of host
interactions, they can help fortify the airway
epithelium, enhancing its resilience against
external injury. Studies conducted in vitro
have shown that macrolide antibiotics can
bolster transepithelial electrical resistance
by modulating the processing of tight junc-
tion proteins; this helps prevent fluid and
electrolyte leakage and reinforces protective
barriers (Song et al. 2004). In addition,
macrolides have been shown to influence
mucus composition and promote their
clearance (Asgrimsson et al. 2006; Tagaya
et al. 2002). Moreover, macrolides also have
the capability to alter biofilm structure
by inhibiting polysaccharide synthesis
and suppress quorum sensing (Ichimiya,
Yamasaki, and Nasu 1994; Wozniak and
Keyser 2004; Ichimiya et al. 1996) This is
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1. Anti-inflammatory and

Immunomodulatory Effects

e Macrolides exhibit diverse
mechanisms of action, including
suppression of pro-inflammatory
cytokines and promotion of anti-

inflammatory cytokines.

¢ They facilitate phagocytosis by
alveolar macrophages, mitigate
neutrophil response, and reduce

inflammatory processes.

Macrolides influence adaptive
immunity, enhancing apoptosis in
T-lymphocytes and suppressing
proinflammatory cytokine production.

Clinical studies show alterations in
serum inflammatory biomarkers,
potentially reversing immunoparalysis

phenomena.

2. Biological Effects on Host-

Pathogen Interaction

e Macrolides fortify airway epithelium,
influence mucus composition, and
alter biofilm structure, enhancing

protective barriers.

e They inhibit polysaccharide synthesis
and quorum sensing, affecting
various bacterial pathogens, including

Pseudomonas, Haemophilus, and

Staphylococcus species.

3. Clinical Efficacy in

Pneumonia

¢ Despite rising resistance rates,
observational studies consistently
demonstrate mortality benefits with
macrolide combination therapy in

pneumonia.

Clinical trials show that macrolide
adjunctive therapy improves early
clinical response and demonstrates
trends toward mortality benefit

in severe community-acquired

pneumonia (CAP).

Table 1. Benefits of Macrolide Therapy
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observed not only in Pseudomonal infec-
tions but also in Haemophilus influenzae
and Staphylococcus epidermidis (Starner
et al. 2008; Yasuda et al. 1994; Wozniak
and Keyser 2004).

From an anti-inflammatory and immu-
nomodulatory perspective, macrolides
exhibit a diversity of mechanisms of action
(Table 1). They have been found to suppress
the synthesis of pro-inflammatory cyto-
kines while concurrently promoting the
release of anti-inflammatory cytokines,
as evidenced by various in-vivo, ex-vivo,
and in-vitro studies. At a cellular level,
macrolides facilitate the phagocytosis of
apoptotic cells by alveolar macrophages
and mitigate the chemotactic response
of neutrophils (Hodge et al. 2006; Hodge
et al. 2008). Additionally, they reduce
neutrophil degranulation and adhesion
and may attenuate the production of reac-
tive oxygen species, thereby dampening
inflammatory processes (Postma et al.
2019; Vardakas et al. 2017; Ceccato et al.
2019). Furthermore, macrolides influ-
ence adaptive immunity by enhancing
apoptosis in T-lymphocytes and exerting
a suppressive effect on proinflammatory
cytokine production (Williams et al. 2005;
Kadota et al. 2005).

Clinical studies in pneumonia have
also shown that patients treated with
macrolides can undergo alterations in
serum concentrations of inflammatory
biomarkers. It is hypothesised that sepsis
and pneumonia can be characterised by
the phenomenon of immunoparalysis,
where proinflammatory cytokines such
as interleukin(IL)-8 can be reduced in
relation to anti-inflammatory cytokines,
such as IL-10, with attenuated production
of tumour necrosis factor-alpha (TNF-a)
(McElvaney et al. 2020). The administration
of macrolide antibiotics appears to reverse
these ratios. Notably, in the ACCESS
trial, patients receiving clarithromycin
exhibited lower IL-10 and higher TNF-a
levels in peripheral blood mononuclear
cells (PMNC:s), along with an increased
IL-8 to IL-10 ratio on day 4 compared
to placebo (Giamarellos-Bourboulis et
al. 2024). Collectively, these findings

suggest a potential modulation of immune
responses and subsequent mitigation of
immunoparalysis.

Intra-Class Comparison of Macrolides
and Inter-Class Comparison with Fluo-
roquinolones

The clinical benefits of macrolide anti-
biotics raise the question of whether the
therapeutic potentials are comparable
between the agents within this class of
medications. Giamarellos-Bourboulis et
al. (2024) evaluated clarithromycin versus
placebo in patients with pneumonia in
RCTs and demonstrated clinical benefits
with clarithromycin. However, whether
the same benefit can be extrapolated to
other macrolides, such as azithromycin,
remains unresolved. In a post-hoc analysis
of the CAP-START trial, cardiac adverse
event rates (defined as new or worsening
heart failure, arrhythmia, or myocardial
ischaemia) were compared between the
beta-lactam monotherapy group and
those with macrolide and fluoroquinolone
exposure. The results revealed higher event
rates in the macrolide group, which was
attributed largely to erythromycin and less
so to azithromycin and clarithromycin,
which may have reflected the larger fluid
load needed when using erythromycin
(Postma et al. 2019).

The comparability of fluoroquinolones
as adjunctive therapy to macrolide anti-
biotics is also a matter of debate. Current
existing data favours the use of macrolides
over fluoroquinolones based on prior
observational studies, along with system-
atic reviews and meta-analyses. These
sources have consistently demonstrated
that macrolide antibiotics are associ-
ated with reduced mortality compared to
fluoroquinolone use (Vardakas, Trigkidis,
and Falagas 2017). In the context of severe
CAP, a multicentre observational study
focusing on intubated CAP patients with
severe sepsis and septic shock found that
the addition of macrolides was associated
with reduced mortality but not with fluo-
roquinolone use (Martin-Loeches et al.
2010). These findings highlight the need
for further investigation with high-quality
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RCTs into the relative efficacy of these
antibiotic classes.

Macrolides in Specific Populations

As indicated by the currently available
studies, there is a preference for macrolide
antibiotics, particularly in patients with
severe illness. Nevertheless, professional
society guidelines currently recommend
their use across all severity levels of hospi-
talised patients. Regarding specific patient
phenotypes, those with heightened inflam-
matory responses may derive greater benefit
from macrolide therapy. For instance, a
study involving 1715 CAP patients revealed
that individuals with elevated C-reactive
protein levels experienced lower mortal-
ity when treated with beta-lactams in
combination with macrolides compared
to fluoroquinolone combinations (Ceccato
et al. 2019). This highlights the potential
for individualised medicine approaches,
suggesting that macrolide therapy could
be tailored to patients with hyperinflam-
matory phenotypes rather than employing
a uniform treatment strategy.

Role of Corticosteroids

The use of corticosteroids is anchored on
the hypothesis that their use as an adjunc-
tive therapy can help mitigate dysregulated
immune response that can lead to dispro-
portionate harm in the host (Heming et
al. 2018). Their use has remained as a part
of sepsis treatment for several decades
(Schumer 1976). Previous professional
guidelines did not advocate for the routine
use of corticosteroids as adjunctive treat-
ment in either CAP or severe CAP, except
for refractory septic shock, where their
clinical benefit, especially in terms of
mortality reduction, remains contested
(Martin-Loeches et al. 2023; Metlay et
al. 2019). However, the latest Society of
Critical Care Medicine (SCCM) guidelines
now recommend corticosteroids for severe
bacterial CAP (Chaudhuri et al. 9900).

Given the considerable overlap in patient
populations, much of our understand-
ing of steroid use in pneumonia can be
extrapolated from sepsis studies. Several
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prominent RCTs have delved into the
clinical effects of corticosteroids in this
population, yielding conflicting results.
The Annane et al. (2002) trial initially
showed promising results, with cortico-
steroid administration reducing 28-day
mortality. However, subsequent trials failed
to confirm this finding consistently. For
instance, the Adjunctive Corticosteroid
Treatment in Critically Ill Patients with
Septic Shock (ADRENAL) trial, evaluating
continued hydrocortisone administration,
demonstrated reduced mechanical ventila-
tion days in shock patients but found no
significant difference in 90-day mortality
compared to placebo. Similarly, the earlier
Corticosteroid Therapy of Septic Shock
(CORTICUS) trial did not reveal a survival
benefit, although it was underpowered.
Conversely, the Recombinant Human
Activated Protein C and Low Dose of
Hydrocortisone and Fludrocortisone in
Adult Septic Shock (APROCCHSS) trial
showed improved overall 90-day survival
with hydrocortisone plus fludrocortisone
compared to placebo (Annane et al. 2018).

Turning to RCTs specific to pneumonia,
one multicentre study by Torres et al.
(2015) compared the efficacy of meth-
ylprednisolone versus placebo for five
days, administered within 36 hours of
admission. This trial focused on severe
CAP patients, with 70-80% admitted to
the ICU, and only included those with
high levels of inflammation, as reflected
by elevated CRP levels (>150 milligrams
per litre) on admission. While the steroid
group experienced less late treatment fail-
ure, there was no significant difference in
mortality. A Cochrane review conducted
in 2017 prior to this trial encompassing
17 trials showed a significant reduction
in mortality among severe CAP patients
receiving corticosteroids compared to
placebo (Stern et al. 2017). Another study,
conducted in 2022 as a double-blind,
randomised, placebo-controlled trial at
42 veterans affairs (VA) medical centres in
the United States, enrolled patients meet-
ing specific modified ATS/IDSA severity
criteria, admitted to ICU or step-down
units (SDU). These patients received a
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methylprednisolone loading dose of 40
milligrams followed by maintenance infu-
sion for 20 days with tapering, with the
primary outcome assessed being all-cause
mortality at 60 days. Unfortunately, the
study did not show a significant difference
in mortality. However, it is important to
note that the generalisability of the study
may be limited due to the study’s highly
specific population and an underpowered
design.

Lastly, in a recent RCT, the Commu-
nity-Acquired Pneumonia: Evaluation
of Corticosteroids (CAPE-COD) trial,
conducted across multiple centres in
France, a significant reduction in 28-day
mortality was observed for patients hospi-
talised with severe CAP who received
hydrocortisone compared to placebo.
The study consisted of a high proportion
of patients on high-flow nasal cannula
(HFNC), with only approximately 23%
on mechanical ventilation in the treat-
ment arm and 21.5% in the placebo arm.
Hydrocortisone administration improved
28-day mortality, and additional findings
included a reduced rate of intubation and
vasopressor use in the hydrocortisone
arm. Notably, the number needed to treat
(NNT) to prevent a single death, based on
the estimate of the 2017 Cochrane review,
was similar, at approximately 18 patients.
Furthermore, after the CAPE-COD trial,
an additional meta-analysis incorporating
both the CAPE-COD trial and the 2022
VA trial found an overall mortality benefit
with corticosteroids (Pitre et al. 2023).

Corticosteroids in Specific Populations

While the data on corticosteroid therapy
in severe CAP has presented conflicting
findings, a growing body of evidence
suggests potential improvements in clini-
cal outcomes, but it is unclear if all severe
CAP patients should be treated. Subgroup
analyses, such as those conducted in the
CAPE-COD trial, have indicated that
patients with elevated serum CRP (>15
milligrams per decilitre) may derive a
more significant survival benefit from
corticosteroid therapy compared to those
with lower CRP levels. This observation
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aligns with findings from studies like the
one conducted by Torres et al. (2015), which
demonstrated a reduced rate of treatment
failure in severe CAP patients with a high
level of inflammation and suggests that
individuals with a hyperinflammatory
profile might benefit most from targeted
corticosteroid therapy.

It is also important to recognise that
corticosteroid therapy carries inherent
risks. Corticosteroid therapy is associated
with increased mortality related to second-
ary infection in patients with influenza
pneumonia. Prolonged administration has
been linked to an increased risk of invasive
fungal infections, a concern particularly
relevant given the rise in multidrug-resis-
tant species like Candida auris since the
COVID-19 pandemic (Biran et al. 2023;
Pakdel et al. 2021; Gangneux et al. 2022).
Moreover, there is evidence to suggest that
certain patient populations, such as those
with lymphopenia, may experience harm
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