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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.
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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].
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Glucocorticosteroid drugs reproduce effects similar to
endogenous cortisol: they have anti-inflammatory activity
by switching genes on and off, resulting in a reduction of
inflammatory cytokines and chemokines. Corticosteroids
have an effect on structural cells of the respiratory tract:
they act on epithelial cells by inhibiting transcription fac-
tors such as NF-kB, on mucous glands by decreasing
mucus secretion, and on smooth muscle cells by increas-
ing β2 receptors [11].
Another aspect that may contribute to the beneficial

effect of corticosteroid treatment is related to the pres-
ence of adrenal insufficiency or inadequate adrenal func-
tion in some cases of severe CAP [12].
In an animal model of mechanically ventilated piglets

with pneumonia due to Pseudomonas aeruginosa, we
demonstrated the presence of lower bacterial burden in
the lungs and less severe histological pneumonia in the
group treated with antibiotics plus corticosteroids in
comparison with the group treated with antibiotics plus
placebo, suggesting a potential beneficial effect of corti-
costeroids on bacterial burden and lung tissue severity,
in addition to the systemic inflammatory response [13].
In acute respiratory distress syndrome (ARDS), the pres-
ence of high levels of cytokines is associated with a
higher risk of nosocomial infection because the inflam-
matory biomarkers appear to favor bacterial growth.
Meduri et al. [14], in an in vitro study, showed that the
addition of methylprednisone to monocytes stimulated
by lipopolysaccharide can increase the ability to suppress
bacterial replication.

Studies evaluating the effect of corticosteroids in CAP
The main studies on corticosteroids in pneumonia are
summarized in Table 1 [15–26]. Several studies have
evaluated the effects of corticosteroids in CAP. The first
studies and meta-analyses included a heterogeneous
population evaluating different outcomes, resulting in
controversial data.
A Cochrane meta-analysis [19] selected six random-

ized controlled trails (RCTs) of corticosteroids in pneu-
monia including a total of 437 participants. The use of
corticosteroids accelerated the resolution of symptoms
and time to clinical stability (defined as improvement in
chest X-ray and normalization of temperature, respira-
tory rate, and inflammatory markers). Corticosteroids
provided no benefit in terms of mortality and the au-
thors concluded that it was not possible to make any de-
finitive recommendations because the studies analyzed
in the meta-analysis did not provide strong evidence.
Another meta-analysis [20] including nine RCTs with a
total of 1001 patients showed that the use of corticoste-
roids was not associated with significantly lower mortality
considering all the patients (odds ratio (OR) 0.62, 95 %
confidence interval (CI) 0.37–1.04; p = 0.07). However, a

survival benefit was detected in the subgroup of patients
with severe CAP (OR 0.26, 95 % CI 0.11–0.64; p = 0.003)
and among patients receiving more prolonged corticoster-
oid treatment (OR 0.51, 95 % CI 0.26–0.97; p = 0.04). Pro-
longed corticosteroid treatment was defined as more than
5 days of corticosteroid treatment and a maximum of
9 days. In terms of adverse effects, corticosteroids increased
the risk of hyperglycemia (OR 2.64, 95 % CI 1.68–4.15; p <
0.001) but did not increase the risk of superinfection (OR
1.36, 95 % CI 0.65–2.84; p = 0.41) or gastroduodenal bleed-
ing (OR 1.67, 95 % CI 0.41– 6.80; p = 0.47).
In conclusion, these studies were not able to provide

definitive results regarding the use of corticosteroids in
CAP. The main limitations regarded the inclusion of a
heterogeneous population in terms of severity (from
mild to severe) and level of inflammatory response (e.g.,
defined by the level of C-reactive protein (CRP)) and the
use, in some cases, of inadequate dosage of corticoste-
roids (low or excessively high).

Randomized controlled trials
Two recent multicenter RCTs have been published re-
garding the use of corticosteroids in CAP.
In a multicenter, double-blind, randomized, placebo-

controlled trial [24], a total of 785 patients with CAP were
randomized to receive oral corticosteroids (50 mg of pred-
nisone for 7 days) or placebo as adjunctive treatment. The
corticosteroid group reported a shorter time to reach clin-
ical stability in comparison with the placebo group (3 days
versus 4.4 days). In the study, the time to clinical stability
was defined as the days until reaching stable vital signs for
24 h or longer (including normalization of temperature,
heart rate, spontaneous respiratory rate, systolic blood
pressure, mental status, ability for oral intake, and ad-
equate oxygenation on room air). The complications re-
lated to pneumonia were not significantly different in the
groups whereas the prednisone group more frequently
presented hyperglycemia needing insulin treatment (19
versus 11 %; OR 1.96; 95 % CI 1.31–2.93; p = 0.001). How-
ever, other adverse events typically associated with
corticosteroid use (such as gastrointestinal bleeding, noso-
comial infections) were rare and similar in both groups.
The mortality rate, considered as a secondary outcome in
the study, was not different in the two groups (n = 16
(4 %) in the prednisone group versus n = 13 (3 %) in the
placebo group; p = 0.57). This study presented some limi-
tations, in particular the use of a weak outcome such as
clinical stability, which included some items such as
temperature that could be influenced by the use of corti-
costeroids. Moreover, the majority of patients had a mild
disease presentation, thereby decreasing result validation
for the most severe diseases.
We recently published a multicentre RCT [23] where

we compared patients with severe CAP and strong
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inflammatory response (defined by a CRP >150 mg/L)
treated with corticosteroids plus antibiotics versus pla-
cebo plus antibiotics. We used intravenous methylpred-
nisolone at a dose of 0.5/mg/kg every 12 h for 5 days.
We included only patients with severe CAP, defined ac-
cording to the modified American Thoracic Society cri-
teria or by a Pneumonia Severity Index risk class V [27].

The patients receiving corticosteroids had significantly
lower treatment failure in comparison with the placebo
group (13 versus 31 %, respectively; p = 0.02). This differ-
ence was due to late treatment failure (developing be-
tween 72 and 120 h after treatment initiation) and, in
particular, patients in the corticosteroid group showed a
more evident effect on the reduction of radiological

Table 1 Studies on corticosteroids in CAP
Reference Study design and population Main results

Confalonieri et al. 2005 [15] Multicenter RCT Improvement in PaO2/FiO2 (p = 0.002), chest radiograph score (p < 0.0001),
reduction in C-reactive protein levels (p = 0.01), delayed septic shock (p = 0.001),
reduction in length of hospital stay (p = 0.03), and mortality (p = 0.009)Hydrocortisone versus

placebo

Patients with severe CAP

Garcia-Vidal et al. 2007 [16] Retrospective observational
study

Systemic steroids were independently associated with decreased mortality
(OR 0.287; 95 % CI 0.113–0.732).

Patients with severe CAP

Snijders et al. 2010 [17] Unicentre RCT in
Netherlands

Clinical cure at day 7 was 80.8 % in the prednisolone group and 85.3 % in the
placebo group (p = 0.38)

Prednisolone versus placebo Clinical cure at day 30 was 66.3 % in the prednisolone group and 77.1 % in the
placebo group (p = 0.08).

Hospitalized patients with
CAP

Late failure (>72 h after admission) was more common in the prednisolone
group than in the placebo group (19.2 versus 6.4 %, respectively; p = 0.04).

Meijvis et al. 2011 [18] Bicenter RCT in Netherlands Reduction in length of stay in dexamethasone group compared with the
placebo group (6.5 versus 7.5 days, respectively; p = 0.048)

Dexamethasone versus
placebo

Patients with CAP

Chen et al. 2011 [19] Meta-analysis Accelerated the resolution of symptoms or time to clinical stability and decreased
the rate of relapse of the disease

Patients with pneumonia

Nie et al. 2012 [20] Meta-analysis Corticosteroids did not significantly reduce mortality in the general population
(Peto OR = 0.62, 95 % CI 0.37–1.04; p = 0.07). A survival benefit was found in a
subgroup of patients with severe CAP (Peto OR = 0.26, 95 % CI 0.11–0.64; p = 0.003).Patients with CAP

Shafiq et al. 2013 [21] Meta-analysis Reduced hospital length of stay with the use of corticosteroids (mean −1.21
days, 95 % CI –2.12 to −0.29)

Patients with CAP No effect on hospital mortality

Cheng et al. 2014 [22] Meta-analysis Use of corticosteroids significantly reduced hospital mortality compared with
placebo (Peto OR = 0.39, 95 % CI 0.17–0.90)

Patients with severe CAP

Torres et al. 2015 [23] Multicenter RCT in Spain Corticosteroid treatment reduced the risk of treatment failure (OR = 0.34,
95 % CI 0.14–0.87; p = 0.02)

Methylprednisolone versus
placebo

In-hospital mortality did not differ between the two groups (10 % in the
methylprednisolone group versus 15 % in the placebo group; p = 0.37)

Patients with severe CAP and
high inflammatory response

Blum et al. 2015 [24] Multicenter RCT in
Switzerland

Reduction of time to clinical stability in the prednisone group compared with
the placebo group (3 days versus 4.4 days, respectively; p < 0.0001)

Prednisolone versus placebo

Patients with CAP

Siemieniuk et al. 2015 [25] Meta-analysis Corticosteroids were associated with possible reductions in all-cause mortality (RR 0.67, 95 % CI
0.45–1.01), need for mechanical ventilation (RR 0.45, 95 % CI 0.26–0.79], and ARDS (RR 0.24, 95 % CI
0.10–0.56]). Corticosteroids decreased time to clinical stability (mean difference −1.22 days, 95 % CI
−2.08 to −0.35 days), and duration of hospitalization (mean difference −1.00 day, 95 % CI −1.79 to
−0.21 days)

Patients with CAP

Wan et al. 2016 [26] Meta-analysis Corticosteroids did not have an effect on mortality (RR 0.72, 95 % CI
0.43–1.21) in patients with CAP and patients with severe CAP (RCTs:
RR 0.72, 95 % CI 0.43–1.21). Corticosteroid treatment was associated
with a decreased risk of ARDS (RR 0.21, 95 % CI 0.08–0.59)

Patients with CAP

ARDS acute respiratory distress syndrome, CAP community acquired pneumonia, CI confidence interval, OR odds ratio, RCT randomized controlled trial, RR relative risk
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progression (2 versus 15 %; p = 0.007). Indeed, the use of
corticosteroids reduced the risk of treatment failure by
18 % (95 % CI 3–32 %) in the intention to treat analysis.
The association between treatment failure, with radio-
graphic progression as a criterion, and mortality has
been shown by Menendez et al. [5]. The protective effect
of corticosteroids on radiographic progression could be
interpreted as an effect preventing the development of
ARDS or blocking the Jarisch–Herxheimer-like reaction
[8]. No significant difference was observed in mortality
between the two groups (10 % in the methylpredniso-
lone arm versus 15 % in the placebo arm; p = 0.37); how-
ever, the study was not powered for mortality as this was
not the primary outcome. Importantly, we detected no
significant side effects in patients receiving corticoste-
roids. The strength of this study is the homogeneous
population with severe CAP and a strong inflammatory
response and the use of an outcome (treatment failure)
closely associated with mortality [5]. The limitation of
this study was the prolonged recruitment period.
In Fig. 1 we propose a flowchart for the management

of patients with severe CAP.

Updated meta-analyses
A recent meta-analysis [26] including nine RCTs (1667
patients) and six cohort studies (4095 patients) showed
that the use of corticosteroids is not associated with a
significant reduction in mortality in patients with CAP
(risk ratio (RR) 0.72; 95 % CI 0.43–1.21; evidence rank
low) or in the subgroup of patients with severe CAP
(RCT RR 0.72, 95 % CI 0.43–1.21, evidence rank low;
cohort study RR 1.00, 95 % CI 0.86–1.17). However, cor-
ticosteroids produced a benefit in terms of reduction of
ARDS (RR 0.21, 95 % CI 0.08–0.59), length of hospital
and ICU stay, duration of IV antibiotics, and time to
clinical stability without a significant increase in side
effects.
In contrast, another meta-analysis [25] demonstrated a

reduction in all causes of mortality in patients receiving
corticosteroids (12 trials, 1974 patients, RR 0.67 [95 % CI
0.45–1.01], risk difference [RD] 2.8 %, moderate certainty).
Moreover, the analysis confirmed the reduced risk of
ARDS (RR 0.24 [95 % CI 0.10–0.56]), the need for mech-
anical ventilation, the decreased time to clinical stability
and length of hospital stay, and increased episodes of

Patients with Community acquired pneumonia

Severe CAP criteria?

Severe CAP Not Severe CAP

Select the most appropriate empiric antibiotic treatment

High inflammatory markers?
CRP>15 mg/dl 

Exclude:
-Presence of viral respiratory infection (especially influenza 
A pneumonia during season)
-Carefully considered potential contraindication for 
corticosteroids administration 

Start corticosteroids as soon as possible:
0.5 mg/kg/12 h Methylprednisolone or equivalent, for 5 days17

IDSA/ATS severe CAP criteria32:

Minor criteria:

Multilobar infiltrates
Confusion

WBC count < 4000 cells/mm3
Platelet count <100,000 cells/mm3
Hypotermia
Hypotension requiring aggressive fluid resuscitation
Major criteria:
Invasive mechanical ventilation
Septic shock with need for vasopressors

Fig. 1 Flowchart for the management of patients with CAP
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hyperglycemia requiring treatment but no increase in the
frequency of gastrointestinal hemorrhage.
In conclusion, all these studies confirm that the use of

corticosteroids in CAP is associated with the following
benefits: reduced length of hospital stay, reduced time to
clinical stability, and prevention of ARDS.
No definitive answer is available yet regarding the ef-

fect of corticosteroids on the reduction of death and lar-
ger studies are needed to define the effect on mortality.
In particular, some meta-analyses suggested that cortico-
steroids may decrease mortality in the subgroup of pa-
tients with severe CAP; however, these data have not
been confirmed in other studies.

Corticosteroids in pneumonia caused by influenza or less
frequent pathogens
The effects of corticosteroids in some specific infections
are the subject of debate. For example, a meta-analysis
showed a benefit in Pneumocystic jiroveci pneumonia
[28], although this result came from small RCTs.
In patients with CAP due to viral infection, the effects of

corticosteroids are still not clear. In H1N1 infection, cor-
ticosteroid use was associated with a higher incidence of
pneumonia and mortality. In a Chinese descriptive study
of influenza A (H7N9) viral pneumonia, the subgroup of
patients receiving very high doses of corticosteroids
(>150 mg/d methylprednisolone or equivalent) had in-
creased mortality but no significantly worse outcome was
detected with low to moderate doses of corticosteroids
(25–150 mg/d methylprednisolone or equivalent) [29].
A recent meta-analysis by Cochrane [30] of corticoste-

roids as adjunctive treatment in influenza found insuffi-
cient evidence to determine the efficacy of corticosteroids
in these patients. Delaney et al. [31] recently published an
observational multicenter study of patients with influenza
A (H1N1pdm09)-related critical illness. The crude hos-
pital mortality was higher in patients who received corti-
costeroids compared with patients without corticosteroid
treatment (25.5 versus 16.4 %, p = 0.007). Nevertheless,
after adjusting for potential confounders, the authors did
not find a significant association between corticosteroids
and mortality in this population.
It appears that the use of corticosteroids was associ-

ated with a higher mortality but this result has to be
carefully interpreted because only observational studies
of low quality were included and RTCs were not identi-
fied for the analysis. More studies are needed to clarify
this point.

Side effects of corticosteroids
The main side effects associated with corticosteroids, es-
pecially with prolonged use, are hyperglycemia, myop-
athy, weight gain, brushing, and osteopenia (Fig. 2) [32].
As well as these side effects, corticosteroids have strong

immunosuppressive effects, raising concerns regarding
their use in acute infections, despite their potential effect
in controlling excessive inflammatory response. The im-
munosuppressant effect of corticosteroids is related to
dose and treatment duration. For example, the use of
40 mg of prednisolone per day for more than 1 week or
20 mg prednisolone or equivalent per day for a month
can produce immunosuppression. In acute infection, a
low dose for a short period (some days) may be useful
for reducing inflammation and may not cause so much
harm by producing immunosuppression. Moreover, a
short period of corticosteroid treatment may reduce the
risk for side effects.
Hyperglycemia is a frequent effect associated with cor-

ticosteroid use. This occurs in about 50 % of hospitalized
patients receiving high doses of corticosteroids [33] and
patients with chronic obstructive pulmonary disease
(COPD) receiving oral corticosteroid treatment pre-
sented a more than fivefold risk of developing hypergly-
cemia. Hyperglycemia is associated with higher mortality
and, in particular, hyperglycemia secondary to cortico-
steroids increased the risk of death by 10 % for each
18 mg/dL increase in blood glucose after adjusting for
age, sex, and diabetes mellitus [34]. Detection of hyper-
glycemia in the first 24 h in patients with COPD reacti-
vation was associated with worse outcomes [35]. On the
other hand, strict management of glucose levels de-
creased morbidity and mortality in critically ill patients
admitted to the surgical ICU [36]. For patients in the
medical ICU, a benefit was shown in terms of morbidity
but not mortality [37].
Myopathy is another side effect associated with acute

and chronic corticosteroid treatment, especially in older
patients, patients with cancer and respiratory muscle
diseases, and physically inactive patients [38]. Cortico-
steroids induce myopathy by decreasing protein synthe-
sis and increasing protein breakdown. This mechanism
leads to muscle atrophy with a reduction of myofibrillar
protein content and cross-sectional fiber area. In critic-
ally ill patients, the development of myopathy produces
peripheral muscle weakness with longer duration of

-Accelerated time to clinical 
stability

-Reduce risk for treatment failure, 
in particular radiological 
progression

-Reduce risk for ARDS
-Reduced hospital length of stay 

-Hyperglicemia
-Myopaty
-Superinfection
-Osteopenia 
- Increased risk for 
gastrointestinal bleeding

POTENTIAL BENEFIT POTENTIAL HARM

CORTICOSTEROIDS TREATMENT IN CAP

Fig. 2 Potential harm and benefit of corticosteroids used in CAP
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mechanical ventilation and an increased risk of nosoco-
mial infections [39, 40].

Corticosteroids and macrolides
There is a gap in knowledge regarding whether the
beneficial anti-inflammatory effect of corticosteroids
may be potentiated by the administration of a macrolide,
which has an immunomodulatory effect.
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 re-
sponsible 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].
In patients admitted to the ward with non-severe CAP

[43], monotherapy with a β-lactam was not inferior to a β-
lactam plus a macrolide or fluoroquinolone in terms of
90-day mortality.
In another trial, the authors found no non-inferiority

of β-lactam monotherapy in comparison with a β-lactam
plus a macrolide in patients with moderate-severe CAP,
considering as outcome the proportion of patients who
did not reach clinical stability in 7 days [44].
In an experimental mouse model of Mycoplasma pneu-

moniae respiratory infection, the use of clarithromycin
and dexamethasone was more effective than clarithromy-
cin alone in decreasing levels of cytokines and histological
signs of lung inflammation [45]. Another study in patients
with non-responding pneumonia demonstrated a reduc-
tion in inflammatory biomarkers such as IL-6 and IL-8 in
bronchoalveolar lavage in patients receiving treatment
with corticosteroids plus a macrolide [46].
The combination of a macrolide plus a corticosteroid is

currently used without scientific evaluation, although we do
not know whether this combination may decrease the in-
flammatory response to a very low level, thereby increasing
the risk of side effects. We therefore need to better investi-
gate the effects of corticosteroids and macrolides together
in order to provide data that may be used to support clin-
ical indications for this combination in severe CAP.

Corticosteroids in patients with COPD and pneumonia
Corticosteroids have proven benefits in the treatment of
acute exacerbation of COPD and the presence of chronic

respiratory disease is the main reason for adding cortico-
steroids to antimicrobial treatment in pneumonia [47].
Patients with COPD and CAP presented a different

early inflammatory pattern compared with patients with
CAP only. In particular, on the day of admission to hos-
pital, the patients with COPD had lower levels of tumor
necrosis factor (TNF), IL-1, and IL-6 but no differences
in levels of CRP, procalcitonin, IL-8, and IL-10. These
differences were mediated in part by corticosteroids; in
fact, lower levels of TNF-α persisted after excluding pa-
tients who received inhaled and oral corticosteroids at
home [48]. In contrast with this result, another study
showed that COPD patients with CAP who had received
prior treatment with inhaled corticosteroids had lower
levels of TNF-α after adjusting for other confounders in
comparison with the overall population [49].
In addition, another study found that on days 1 and 3,

patients with CAP and a history of COPD had signifi-
cantly higher levels of CRP, procalcitonin, TNF-α, and
IL-6 than patients admitted with acute exacerbation of
COPD [50]. These results were maintained after adjust-
ing for inhaled pharmacotherapy.
In conclusion, patients with CAP and a history of COPD

represent a specific population with a different inflamma-
tory pattern and further studies are needed to clarify the
use of corticosteroids in these patients during CAP epi-
sodes, especially in those receiving inhaled corticosteroids.

Immunomodulatory effects of quinolones
Fluoroquinolones have also shown an immunomodula-
tory effect [51].
In vitro, fluoroquinolones favor the synthesis of IL-2

but reduces the production of IL-1 and TNF.
In vivo, they affect cellular and humoral immunity by

attenuating cytokine responses. In addition, certain
fluoroquinolones enhance hematopoiesis by increasing
concentrations of colony-stimulating factors (CSFs) in
the lung and in the bone marrow. CSFs have a role in
the response to infections. In fact, CSF knockout mice
developed lung infections and the administration of CSF
in neutropenic mice with candida reduced the risk of
mortality and lung injury.
More studies are needed, especially in the clinical

setting, to assess the immunomodulatory effects of
fluoroquinolones.

Corticosteroids in CAP and the need for new trials
Although the recent RCTs provide data which have in-
creased our knowledge regarding the usefulness of corti-
costeroids in severe CAP, more studies are needed to
clarify the effect of corticosteroids on mortality. More-
over, we need to clarify which corticosteroids and what
doses and durations of therapy are most indicated and
to define the specific populations that may benefit from
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this adjunctive treatment, such as severe CAP with a
strong inflammatory response or infections with specific
pathogens. Another interesting topic is the effect of
combination therapy with macrolides and corticosteroids
in the modulation of the immune response. We have
some promising data from experimental models but
more data are needed.

Inmunoglobulin as adjuntive therapy in CAP
In patients with sepsis and septic shock, low levels of
immunoglobulins (Igs) were detected, with a reduction
in IgG of between 25 and 61 % and a reduction in IgM
of between 19 and 33 % [52]. However, a recent meta-
analysis pointed out the limitations of the studies on this
topic due to the use of heterogeneous cutoffs to define
normal levels of IgG [53].
Hypogammaglobulinemia and low levels of IgG sub-

classes were noticed in patients with recurrent episodes
of pneumonia and may be responsible for the predispos-
ition to recurrent infections [9].
A case–control study [54] showed that patients with

CAP had significantly lower levels of IgG (especially
IgG2 subclass) and IgA on diagnosis in comparison with
a control group of healthy patients without pneumonia.
Low levels of Igs persisted in the convalescent phase in
approximately 25 % of patients. Hypogammaglobuline-
mia was more frequently found in patients requiring
hospitalization than in outpatients and in patients with
pneumonia due to a bacterium other than Streptococcus
pneumoniae or a virus or without pathogen isolation.
Another study [55] confirmed that severe viral infec-

tion due to H1N1 was associated with lower levels of the
IgG2 subclass. Indeed, lower levels of Igs appeared to be
associated with more severe disease, viral infection, or
bacterial infection other than Streptococcus pneumoniae.
The reason why patients with pneumonia and sepsis

can have low levels of Igs is still not clear. Two different
mechanisms may be involved: the infection may be re-
sponsible for hypogammaglobulinemia by consuming
the Igs or the presence of hypogammaglobulinemia may
be the cause of the infection because it contributes to an
inadequate defense response. For these reasons, in re-
cent years, it has been suggested that the administration
of intravenous Igs may be an effective adjunctive treat-
ment to modulate the immune response in these patients.
Some trials have evaluated the effects of exogenous Igs

as adjunctive treatment in patients with sepsis and, in
particular, in patients with CAP. However, the results of
these studies are still the subject of debate [56].
A meta-analysis [57] reported a general reduction in

mortality (approximately 21 %) in adult patients with
sepsis and septic shock who received polyclonal Igs and
a more evident effect on mortality in the subgroup re-
ceiving IgM-enriched immunoglobulin. A more recent

meta-analysis by Cochrane published in 2013 [56]
showed a reduction in mortality in patients who received
polyclonal intravenous Igs, although this positive effect
disappeared on analyzing only trials with low bias. A
large retrospective study in Japan [58] evaluated the ef-
fect of intravenous immunoglobulin as an adjunctive
treatment in patients with septic shock due to pneumo-
nia. A total of 8264 patients were studied, of whom 1324
were treated with intravenous Igs, in comparison with
6940 patients who did not receive the Igs. No benefit
was found in terms of mortality in the group of patients
receiving the Igs.
A multicentre, randomized, placebo-controlled phase

II trial [59] is ongoing with the aim of evaluating the ef-
ficacy and safety of IgM-enriched immunoglobulin prep-
arations (pentaglobin™, 12 % IgM, 12 % IgA, and 76 %
IgG) as adjunctive treatment in patients with mechanical
ventilation for CAP. The primary outcome is the num-
ber of ventilator-free days.

Conclusions
The use of corticosteroids in patients with severe CAP
and a strong inflammatory reaction can reduce the time
to clinical stability and the risk of treatment failure, es-
pecially radiological progression. The administration of
intravenous immunoglobulins can reinforce the immune
response to infection, particularly in patients with inad-
equate levels of antibodies and when an enriched IgM
preparation is used. However, more studies are needed
to evaluate their effects in patients with CAP.
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