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Abstract Community-acquired pneumonia (CAP) is the
leading cause of infectious death in the world. Immune
dysregulation during acute lung infection plays a role in
lung injury and the systemic inflammatory response.
Cytokines seem to be major players in severe lung infec-
tion cases. Here, we present a review of published papers
in the last 3 years regarding this topic. The cytokine re-
sponse during pneumonia is different in bacterial vs viral
infections; some of these cytokines correlate with clinical
severity scales such as CURB65 or SOFA. Treatment fo-
cused in the cytokine environment is an interesting area
that could impact the prognosis of CAP. Some of the agents
that have been studied as co-adjuvant therapy are corticoste-
roids, macrolides, and linezolid, but anyone of those have
shown a clear or proven efficacy or have been recommended
as a part of the standard of care for CAP. More studies de-
signed to define the role of immunomodulatory agents, such
as co-adjuvant therapy in pneumonia, are needed.
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Introduction

Pneumonia is an infection of the lung tissue, and it is con-
sidered the forgotten killer. The World Health Organization
(WHO) places lower respiratory infections as the third
most common cause of death on the planet. It is responsi-
ble for approximately 3.5 million deaths yearly. In the
USA, pneumonia and influenza caused approximately 50,
000 deaths in 2010 and were the ninth leading cause of
death [1, 2••].

A total of 20 to 60 % of community-acquired pneu-
monia (CAP) patients require hospitalization, which is
mainly due to severe disease. Of those, 10 to 22 %
have severe CAP requiring critical care, 44 to 83 %
may undergo mechanical ventilation, and up to 50 %
suffer from concomitant septic shock. In spite of the
availability of affective antibiotics and guidelines for
its rationale use in CAP, the high mortality related to
this common infection (11–56 %) has not changed over
the last 50 years [3•].

Innate and acquired pulmonary defense mechanisms
are sufficient to keep the lower respiratory tract sterile
despite constant exposure to particulate material and mi-
croorganisms via micro aspiration. The development of
CAP indicates exposure to a particularly virulent micro-
organism, an overwhelming inoculum of microorgan-
isms, a defect in host defense, or a combination of
those factors [3•].

Once the lung is infected, the initial immune response is led
by neutrophils that release several granule subtypes with the
ability to kill microbes but also with the potential to cause
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tissue damage. Failure to control excessive inflammation
and/or neutrophil activation results in exaggerated lung
and systemic inflammation that leads to severe disease
[4••]. The immune response in CAP may vary as differ-
ent microbes may trigger different inflammatory re-
sponses depending on their intrinsic properties [5••].
The clinical outcome in CAP is not only determined by
the causal agent, interaction between the immune response
and pathogen clearance is extremely important. The bal-
ance of this interaction is regulated through complex inter-
actions between immune cells and pro- and anti-
inflammatory cytokines [6••].

The role of cytokines in CAP is not fully understood, but it
is currently being studied to discover how they affect CAP
outcomes. It is well known that the cytokine storm is present
in severe CAP. In addition, it is appealing that adjuvant
therapy targeted to regulate the immune response could
be useful in these cases. Glucocorticoids and other treat-
ments have been used as immunomodulators, but to date,
none of these treatments have been licensed for this purpose
[7•]. Thus, the focus of this review is on recent findings (from
2012 to date) regarding the systemic and local cytokine envi-
ronment and their possible implications during CAP in the
severity of lung infection. In addition, co-adjuvant therapies
will be analyzed in this review that may represent an area of
opportunity for therapeutic re-direction of CAP.

CAP Overview

Etiology

There is a wide variation in the reported etiology of CAP. This
may depend in part on the diagnostic techniques used and the
population studied [8••]. In the pre-antibiotic era,
Streptococcus pneumoniae caused 95 % of pneumonia cases
for which an etiology was found. Because new diagnostic
tools are now available, the identification of other microorgan-
isms is currently easier and has changed previous thinking
regarding the causes of CAP. Most of the information we have
obtained is frommoderate to severe CAP patients who needed
hospital care. Numerous viruses and bacteria are responsible
for CAP. Infection can be caused by a single microorganism,
but co-infection is also possible. Recent studies showed that
respiratory viruses are the main cause. Among bacteria, S.
pneumoniae remained the most commonly identified cause
of CAP, but it represented only a minority of the patients
[9••]. A meta-analysis also found respiratory viruses, particu-
larly influenza and respiratory syncytial virus (RSV), as a
common cause of CAP in 15 to 54 % of hospitalized adults
[10••]. Co-infection with viruses and bacteria was found in 4
to 30 % in that report (Table 1).

Diagnostics

Markers of infection (fever or chills and leukocytosis), respi-
ratory signs and/or symptoms (cough, sputum production,
shortness of breath, chest pain, and abnormal pulmonary ex-
amination), and a new or changed infiltrate on a chest X-ray
are consistent with CAP. The diagnosis of CAP can be more
challenging in some specific groups, such as those who are
elderly or those with comorbidities or immunosuppression
states, in which the characteristic presentation of CAP is not
present. Because empirical therapy is mainly based on the
severity of the disease, extensive diagnostic testing is not a
standard of care and the responsible agent is not identified in
most patients. Extensive diagnostic testing seems to be more
useful in those patients who present with severe CAP, and in
which the results of the tests may lead to individualized ther-
apy [2••, 8••, 11].

During the diagnosis of CAP, the clinician must determine
the severity of the infection to decide the adequate antibiotic to
use and if the patient needs to be either in a general ward or the
ICU in the hospital. Several clinical scales of severity are
available: CURB 65, APACHE II, SOFA, PSI, PIRO, and
SMART COP. CURB 65 is based on five simple parameters:
confusion, urea, respiratory rate, blood pressure, and age.
CURB 65 stratifies patients according to the risk of death,
which leads to further management: higher risk requires more
aggressive interventions. APACHE II and SOFA are mainly
used in critically ill patients. The other scales mentioned are
not particularly useful in CAP patient evaluation. None of
them include cytokine levels or another immune biomarker
as a component of the scale [12].

Treatment

Antibiotic(s) selection is based mainly on the epidemiologic
setting of the patient and in the severity of CAP. It is well
known that starting early therapy is related with a better prog-
nosis. A delay of more than 4 h between the initial presenta-
tion and the first antibiotic dose is associated with increased
in-hospital mortality [13••]. That window is even shorter (1 h)
in patients with septic shock due to CAP [14]. The length of
therapy varies from 5 to 7 days in most cases [2••, 8••, 15].

Outpatients with CAP without comorbidities can be treated
with only a macrolide. In cases of patients with coexistent
illness and in in-patients, a macrolide plus a beta-lactam must
be used or monotherapy with a respiratory fluoroquinolone,
such as levofloxacin or moxifloxacin. These regimens cure
approximately 90 % of the patients with mild or moderate
CAP [16, 17].

Severe CAP requiring ICU management can be due to
more aggressive bacteria such as Pseudomonas aeruginosa
or Staphylococcus aureus, and the above recommendations
do not cover these bacteria so other specific antibiotics must
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be considered. Adjuvant therapy in severe CAP has included
systemic steroids, statins, and immunomodulatory agents, and
their use deserves further research before being recommended
by the IDSA/ATS guidelines for CAP [13••]. Among the rec-
ommended antibiotics, macrolides may play a role as immune
modulators.

Cytokines in CAP

Cytokines are important soluble mediators of the innate and
acquired immune response. Cell differentiation, chemotaxis,
activators, or regulators of inflammatory and anti-
inflammatory processes are among some of the main functions
of cytokines in response to a pathogen. CAP is characterized by
a systemic and local inflammatory response, where the number
of identified cytokines has increased considerably over the
years. Studies remain focused on well-known cytokines of the
innate immune response, including interleukin (IL)-4, IL-6, IL-

10, IL-8, IL-1β, tumor necrosis factor (TNF)-α, and
transforming growth factor (TGF)-β. IL-17A and IL-22, which
belong to the T-helper (Th) 17 subset [4••, 18]. Here we will
focus in cytokines pattern found in bacterial and viral CAP, as
well as, their possible role as severity biomarkers.

Bacterial CAP and Cytokines

A prospective study of 658 patients admitted with CAP
showed higher levels of C reactive protein (CRP),
procalcitonin (PCT), TNF-α, and IL-6 in those with bacter-
emia compared to CAP of an unknown cause but was not
considered secondary to bacteria. Different cytokine profiles
and biomarkers were found depending on the cause: atypical
bacteria (lower PCT and IL-6), Enterobacteriaceae (higher
IL-8), S. pneumoniae (high PCT), and Legionella
pneumophila (higher CRP and TNF-α) [6••]. A pediatric pop-
ulation study demonstrated that IL-8 was associated with the
severity of lung necrosis in CAP due to S. pneumoniae [19••].

Table 1 Etiologic agent of NAC
in USA and China (9••–10) Pathogen(s) USA

January 2010–June 2012,

(n= 966)

Beijing, China

November 2010–April 2012,

(n= 393)

Viral Patients with a positive result (%)

Human rhinovirus 20.08 % 10.43 %

Influenza A or B 13.66 % 25.45 %

Human
metapneumovirus

9.10 % 4.33 %

Respiratory syncytial
virus (RSV)

7.03 % 2.29 %

Parainfluenza virus 6.93 % 10.67 %

Coronavirus 5.48 % 2.04 %

Adenovirus 3.31 % 10.17 %

Bacterial Patients with a positive result (%)

S. pneumoniae 11.90 % NRa

Mycoplasma pneumoniae 4.45 % 42.75 %

S. aureus 3.83 % NR

Legionella pneumophila 3.31 % 1.02 %

Enterobacteriaceae 3.20 % NR

Other pathogens detected 7.66 % 8.14 %

Fungal or mycobacterial 1 % –

No pathogen detected 62 % –

Co-infection: Viral pathogen only (22 %)

Bacterial pathogen only (11 %)

Viral-viral co-detection (2 %)

Bacterial-viral co-detection (3 %)

2 or more agents were found in 75 (19 %)

RSVand a bacterium in 48 (64 %)

2 RSVs in 11 (14.7 %)

2 bacteria in 6 (8 %)

Triple, quadruple, and quintuple infections
were also detected

NR no reported
a Not reported however author mentioned in the text
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In a Brazilian population with CAP, the IL-6 levels
showed a good association with severity scores, such as
APACHE II and CURB-65; however, other studies do not
support this finding. IL-6 and TNF-α levels were associat-
ed with early death [20].

In a case–control study with of 253 patients, 83 patients
had treatment failure which correlated with IL-6 levels [21].
An IL-6-174G/C gene polymorphism was associated with se-
vere sepsis, acute respiratory failure, and ICU and hospital
mortality in Egyptian children with CAP; however, IL-6 was
found in similar concentrations in the different IL-6-174G/C
genotypes. These findings may indicate that CAP susceptibil-
ity is a multifactorial disease and other molecules or genes
may be involved [22••].

Paats et al. (2013) reported that patients with CAP showed
high levels of Th17 subset expressing the signature cytokines
interleukin IL-17A and IL-22 cells in BAL and peripheral
blood, which suggests a protective role [23•]. IL-17 and
IL-22 have previously been associated with neutrophilic
inflammation, production of defensins, and are important
for clearance of fungi and extracellular bacteria [24, 25].

S. pneumoniae was the common causative microorganism
in a study that included 46 CAP patients ≤50 years old
(median 37 years) and 41 CAP patients ≥80 years old (me-
dian 84 years). The serum concentrations of pro-inflammatory
(IL-6 and IL-8) and anti-inflammatory cytokines (IL-10 and
IL-1 receptor antagonist) did not differ between the age
groups, although IL-8 levels at admission tended to be higher
in elderly patients. Cytokine levels were positively correlated
with PSI in young but not in elderly patients. These results
suggest that elderly patients show a reduction in their systemic
inflammatory response on admission for CAP [26•, 27].

Stromal-Cell-Derived Factor-1 (SDF-1) is a chemotactic
cytokine of the CXC chemokines family. SDF-1 regulates
the movement of neutrophils, monocytes, T lymphocytes,
and basophils, and SDF-1 also induces cell migration, cell
adhesion, neutrophil activation, and inflammation [28, 29].
SDF-1 has a positive correlation with CURB-65, APACHE
II, and especially the PSI score in patients with CAP.
Therefore, its use as a biological marker for the early diagnosis
of CAP should be explored in futures studies [30•].

Matrix metalloproteinases (MMPs) are a large family of
zinc-dependent endopeptidases and are also another important
biomarker. In addition, MMPs are known as the major en-
zymes responsible for the proteolytic degradation of pro-
teinaceous components of the extracellular matrix (ECM).
MMPs also interact with multiple cytokines, participate in
the pathology of infection and inflammation, and MMPs
are key factors in the pathogenesis of various types of
pneumonia [31].

In summary, the cytokine response plays an important role
in the clinical evolution and severity of bacterial CAP. The
most important cytokines, IL-6 and TNF-α, have previously

been correlated with worse outcomes. IL-6 levels have shown
a good association with the prediction scores such as
APACHE II and CURB-65. High levels of IL-6 and TNF-α
were associated with the development of acute kidney injury,
the necessity for invasive mechanical ventilation, early death,
and mortality. Another biomarker, SDF-1, has a positive cor-
relation with clinical scores and pathogenesis but is less im-
portant in clinical evolution. The inflammatory-aging phe-
nomenon observed in older patients must be considered when
analyzing the present data.

Viral CAP and Cytokines

The severity of viral CAP is different, not only because of the
specific virus but also because of different age groups.
Influenza A virus (IAV) infection is the most common cause
of pneumonia-related death in the developed world and mor-
tality attributable to IAV infection can be much higher during
pandemics. Currently available agents to treat IAV infection,
including oseltamivir and zanamivir, inhibit viral NA.
Therefore, they are most effective at limiting viral replication
in the early stages of infection and in immunocompromised
patients and are less effective once an antiviral innate immune
response is established. The presence of viral RNA in the
cytosol activates three major intracellular immune pathways
that initiate the innate immune response toward the virus:
retinoic acid inducible gene-1 (RIG-1) proteins, Toll-like re-
ceptors (TLRs; primari ly TLR3 and TLR7), and
inflammasome. Binding of viral RNA to helicase domains
on RIG-1 triggers its interaction with mitochondria-
associated antiviral signaling protein (MAVS), which induces
the generation of type I and III interferons (IFN-α/β and
IFN-λ) and activates the pro-inflammatory transcription factor
nuclear factor (NF)-κB. Replication of the influenza virus rep-
lication critically depends on cellular NF-κB activity and
NF-κB is a crucial pro-inflammatory signaling module, sug-
gesting that strategies to inhibit the NF-κB pathway may be
suitable for intervention. Finally, GM-CSF is an important
mediator of antiviral host defense and a factor promoting re-
pair of the alveolar epithelium [32••].

IL-6 and IL-8 are important mediators in influenza pneu-
monia. A recent study demonstrated that IL-8 is associated
with disease progression among hospitalized patients with in-
fluenza A (H1N1) pdm09. IL-6, which has been identified as
one of the critical mediators of damage due to the influenza A
(H1N1)pdm09 virus, was also significantly elevated in
non-(H1N1)pdm09 pneumonia patients [33]. Patients infected
with influenza A H1N1pdm09 showed a strong Th17 re-
sponse (IL-6, IL-8, and IL-17). It has been demonstrated that
animal models develop severe pneumonia with the experi-
mental infection of influenza A H1N1pdm09; however, IL-
17-deficient mice ameliorated acute lung injury, and those
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mice treated with monoclonal antibodies against IL-17 were
protected against acute lung injury [34•].

Our research group reported that high levels of inflamma-
tory cytokines (IL-17, TNF-α, IFN-γ, and IL-4) were found in
human lung tissue from fatal cases of influenza A
(H1N1pdm09 and seasonal) but not IL-10. These findings
may indicate that an inflammatory cytokine storm is involved
in the immunopathogenesis of influenza A pneumonia, and
regulatory mechanisms were not enough to control the inflam-
matory response [35•].

Finally, TGF-β is an immunoregulatory cytokine that plays
an important role during inflammatory processes [36].
Rendon-Ramirez et al. found a negative correlation between
SOFA score and TGF-β levels in patients with influenza A
(H1N1)pdm09 [37•].

RSV infection is most common in young children in whom
an early immune response cytokine, such as IL-8 (an impor-
tant chemokine involved in neutrophil recruitment), is pro-
duced. In adaptative immunity, Th1/Th2 and Th17 responses
have been detected in patients infected with RSV. Th17 cyto-
kines induce chemokine, which is implicated in neutrophil
recruitment and other effects such as IL-13 induction, mucus
over-production, and inhibition of cytotoxicity mediated by T
CD8 lymphocytes [38, 39]. Children with RSV-associated
pneumonia presented low levels of IL-2, which probably in-
dicated poor T cell stimulation. In fact, high levels of IFN-γ,
IL-4, and IL-10 were found in these patients. This cytokine
pattern is characteristic of the Th1/Th2/Treg response
coexisting to control infection and/or avoid tissue injury [40].

In summary, there is a preponderance of cytokines in influ-
enza pneumonia, and the most relevant cytokines is TGF-β.
Influenza virus replication critically depends on cellular
NF-κB activity (GM-CSF), an important mediator of the an-
tiviral host defense and a factor promoting repair of the alve-
olar epithelium. IL-6 and IL-8 are mediators in the disease
progression in influenza A, but what levels are exclusively
from influenza must be questioned. Individuals infected with
RSV show high levels of cytokines related with Th1/Th2/
Th17/Treg lymphocyte subpopulations. Little is known about
other respiratory viruses, and this is an opportunity to explore
specific cytokine patterns.

Non-cytokine Biomarkers in CAP

There are several nonspecific non-cytokines biomarkers that
we can use together with the severity pneumoniae scores:
CRP, B-type natriuretic and peptide (BNP), D-dimers and
ACE activity, and Pro-calcitonin. CRP on day 3 of antibiotic
therapy was a marker of good prognosis if it showed a de-
crease. CRP <100 mg/L was independently associated with a
lower risk of mortality. A CRP level that fails to fall by 50 %
was independently associated with mortality. The AUROC for
CRP was smaller than that of PSI and CURB-65. A BNP

increase was independently associated with mortality. The
AUROC for BNP was comparable with the AUROC of PSI.
Adding BNP to PSI significantly improved the prognostic
accuracy of PSI alone. D-Dimers and ACE activity had con-
troversial results with no mortality impact [41•].

Pro-calcitonin is another important biomarker. The semi-
quantitative procalcitonin serum level at hospital admission
was less predictive of mortality from CAP compared with
the blood urea nitrogen/serum albumin B/A ratio. Patients
with serum procalcitonin levels >10.0 ng/mL required inten-
sive care more than those with lower levels. Meanwhile, the
PCT kinetics over the first 72 h is a useful tool for predicting
the 30-day mortality in patients with severe sepsis and septic
shock admitted to an intermediate care unit [42, 43]. Causal
microorganisms play a key role in the host response and may
trigger different inflammatory responses depending on their
intrinsic properties such as the presence of a capsule, lipopoly-
saccharides in the cell wall, virulence factors, and spread of
infection [5••] .

Soluble receptor for advanced glycation end products
(sRAGE) is the soluble form of RAGE and it is elevated in
the inflammatory condition, acute lung injury, and acute re-
spiratory distress syndrome (ARDS) [44]. An association be-
tween elevated sRAGE and fatal outcomes suggests that it
may have an independent causal effect in CAP. SOFA scores
were the only clinical factor with the ability to identify surviv-
ing and ARDS patients, and logistic regression modeling
demonstrated that SOFA and sRAGE were the only variables
that modified the probability of a fatal outcome [45•].

Little is known regarding the participation of immunoglob-
ulin isotypes in the pathogenesis of the severe disease caused
by this virus. A study evaluated the association between plas-
ma levels of IgG1, IgG2, IgG3, IgG4, IgA, IgM, and IgE, and
the outcome in patients with severe pandemic influenza. It
found that a high IgM level at admission to the ICU was a
good prognostic factor in patients with severe disease caused
by influenza A(H1N1)pdm09. This finding indicated the cen-
tral role of IgM in preventing uncontrolled inflammatory re-
sponse and mortality. The early assessment of IgM could con-
tribute to directing clinical decisions in these patients [46].

Adjuvant Anti-cytokine Therapy in CAP

Research into adjuvant therapies for severe pneumonia have
previously focused on immunosuppressive agents, such as
glucocorticoids, and other treatments that include some anti-
biotics such as the macrolides [7•] (Fig. 1 and Table 2).

Corticosteroids

Systemic corticosteroids have anti-inflammatory effects that
may attenuate the local and systemic inflammatory process
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observed in CAP. CAP treated with corticosteroids experi-
enced a greater decline in levels of CRP and IL-6. The effects
of steroids on the immune system are many and complex.
Corticosteroids can switch off genes that encode pro-
inflammatory cytokines (e.g., IL-6 and IL-8) and switch on
genes that encode anti-inflammatory cytokines (e.g., IL-10).
However, the use of steroids also exerts an influence on the
immune function of different host defenses against bacteria
when high dosages and prolonged treatment are used [47••].
Most of the corticosteroid studies in CAP have focused on
clinical outcomes more than on the role of the cytokines. A
meta-analysis did not find a benefit with the inclusion of
corticosteroids in the treatment of CAP in adults. The stud-
ies were very heterogeneous and not restricted to severe
CAP [48••].

A multicenter, randomized, double-blind, placebo-
controlled trial compared methylprednisolone with a placebo
in patients with both severe CAP and high inflammatory re-
sponse (defined by a C-reactive protein level greater than
150 mg/L). Corticosteroids reduced the risk of treatment fail-
ure, but in-hospital mortality was not different [47••].

Another double-blind, randomized multicenter study com-
pared 7 days of prednisone at 50 mg with a placebo in adult
patients hospitalized with CAP. This study is the largest avail-
able and included 785 patients: the prednisone group included
392 individuals and the placebo group contained 393 individ-
uals. The median time to clinical stability was shorter in the
prednisone group than in the placebo group. Pneumonia-
associated complications until day 30 did not differ between
groups (11 (3 %) in the prednisone group and 22 (6 %) in the

placebo group). This study concluded that prednisone, given
for 7 days to patients hospitalized with CAP, shortens time to
clinical stability without an increase in complications [49••].
Inhaled corticosteroids (ICS) treatment in patients with asth-
ma, COPD, and CAP is associated with a reduced systemic
inflammatory response. Patients who received ICS had re-
duced levels of TNF-α and IL-6, but there was no impact on
long-term mortality [50].

Macrolides

Of the current antibiotics recommended for the treatment of
CAP, macrolides such as clarithromycin and azithromycin
seem to produce significant immunomodulatory effects.
These effects include the suppression of specific transcription
factors with a resultant decreased production of pro-
inflammatory cytokines such as TNF-α, IL-1, IL-6, IL-8,
and TGF-β; decreased neutrophil chemotaxis to the airways;
and increased production of anti-inflammatory cytokines such
as IL-10. In addition, macrolides have been shown to inhibit
biofilm formation and decrease mucus hypersecretion, which
leads to improved mucociliary clearance [51].

In spite of these effects, macrolide use did not show im-
proved mortality when compared against fluoroquinolones in
patients with CAP [17, 52]. A larger systematic review and
meta-analysis that evaluated macrolide use and mortality due
to CAP in 28 studies with almost 10,000 patients found a
statistically significant lower risk of mortality compared with
non-macrolide. The heterogeneity among the studies was sub-
stantial; however, the benefit may have been related to the

Fig. 1 Representation of
inflammatory response in CAP
and potential points to use anti-
cytokine treatment

Table 2 CAP’s cytokines and
biomarkers and potential co-
adjuvant treatment

Etiology of CAP Relevant cytokines and biomarkers Potential anti-cytokine treatment

Bacterial CAP IL-6, TNF-α, IL-10, ProADM, TREM-1,
NGAL, MMP’s

Systemic corticosteroids

Macrolides

Viral CAP IL-6, IL-8, IL-17, TGF-β, RAGE, IFN-β,
IgM, NF-κB, GM-CSF

Macrolides/linezolid

Statins

NF-κB inhibitor acetylsalicylic acid (mice)

Anti-IL-17 antibodies (mice)
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non-antimicrobial immune modulatory properties of
macrolides [53•].

Influenza pneumonia is associated with hypercytokinemia.
A prospective, randomized, clinical trial with 107 enrolled
patients using oseltamivir and azithromycin combination ther-
apy for influenza was conducted. Although the difference in
the inflammatory cytokine expression level was not statistical-
ly significant, combination therapy showed an early resolution
of some symptoms [54].

Statins

Statins have pleiotropic effects that impact immunomodulato-
ry, anti-inflammatory, anti-thrombotic, and direct microbicidal
action. Statins are known to down-regulate cytokines and tran-
scription factors that are abnormally increased during sepsis.
Several in vitro and in vivo studies have demonstrated that
statins reduce the levels of TNF-α, IL-1, IL-6, IL-8, NF-κB,
and C-reactive protein. These effects inhibit the up-regulation
of cytokines and potentially decrease inflammation and im-
mune dysfunction. As a consequence, statins may decrease the
severity of symptoms associated with sepsis [55]. A meta-
analysis performed in 2013 included 28 studies and revealed
an association between statins and the risk and mortality of
CAP. However, the results constitute very low quality evi-
dence, based on the GRADE framework, due to the observa-
tional study design, heterogeneity, and publication bias. Given
the biological plausibility of these findings and the high bur-
den and mortality of CAP, the meta-analysis results warranted
additional and better-designed studies to define the utility of
statins in CAP [56]. A recent multicenter, double blind, ran-
domized clinical trial studied rosuvastatin versus a placebo in
patients with sepsis-associated acute respiratory distress syn-
drome with 70 % of the cases due to pneumonia. Patients did
not improve clinical outcomes with rosuvastatin but may have
contributed to a higher degree of hepatic and renal dysfunction
[57•].

Another randomized, double-blind, placebo-controlled trial
was designed to determine if simvastatin, at 20 mg once daily
for 4 days in hospitalized patients with CAP, improved clinical
outcomes and reduced the concentration of inflammatory cy-
tokines. The results suggest that the statin did not reduce either
the time to clinical stability or the levels of inflammatory
cytokines [41•].

Linezolid

Linezolid is an antibiotic of the oxazolidinone class. It has
unique immunomodulatory effects in murine model of the
post-influenza community that acquired MRSA pneumonia.
Its use was associated with reduced levels of chemotactic
chemokines and inflammatory cytokines KC, MIP-2, IFN-γ,
TNF-α , and IL-1β in bronchoalveolar lavage and

significantly lower levels of Panton-Valentine leukocidin tox-
in in the lungs. Linezolid also showed reduced lung injury
when compared to vancomycin [58].

Conclusions

Hypercytokinemia and immune dysregulation have been
described in patients with severe CAP. Multiple adjuvant
therapies for pneumonia have been investigated, but none
are currently licensed. Successful treatments must be
targeted toward the immune response; promising biomarkers
exist but have not yet reached common bedside practice.
Corticosteroids and other agents that can regulate cytokine
dysregulation may prevent treatment failure and improve the
outcome of CAP. The use of steroids in severe CAP has prom-
ising findings; however, an integrative evaluation is necessary,
especially in those cases with comorbidities. More studies
designed to define the role of immunomodulatory agents as
co-adjuvant therapies in CAP are needed.
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