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Abstract

Background

Systemic corticosteroids have anti-inflammatory effects, whereas macrolides also have

immunomodulatory activity in addition to their primary antimicrobial actions. We aimed to

evaluate the potential interaction effect between corticosteroids and macrolides on the sys-

temic inflammatory response in patients with severe community-acquired pneumonia to

determine if combining these two immunomodulating agents was harmful, or possibly

beneficial.

Methods

We performed a post-hoc exploratory analysis of a randomized clinical trial conducted in

three tertiary hospitals in Spain. This trial included patients with severe community-acquired

pneumonia with high inflammatory response (C-reactive protein [CRP] >15 mg/dL) who

were randomized to receive methylprednisolone 0.5 mg/kg/tpd or placebo. The choice of

antibiotic treatment was at the physician’s discretion. One hundred and six patients were

classified into four groups according to antimicrobial therapy combination (β-lactam plus

macrolide or β-lactam plus fluoroquinolone) and corticosteroid arm (placebo or corticoste-

roids). The primary outcome was treatment failure (composite outcome of early treatment

failure, or of late treatment failure, or of both early and late treatment failure).
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Results

The methylprednisolone with β-lactam plus macrolide group had more elderly patients, with

comorbidities, and higher pneumonia severity index (PSI) risk class V, but a lower proportion

of intensive care unit admission, compared to the other groups. We found non differences in

treatment failure between groups (overall p = 0.374); however, a significant difference in late

treatment failure was observed (4 patients in the placebo with β-lactam plus macrolide group

(31%) vs. 9 patients in the placebo with β-lactam plus fluoroquinolone group (24%) vs. 0

patients in the methylprednisolone with β-lactam plus macrolide group (0%) vs. 2 patients

[5%] in the methylprednisolone with β-lactam plus fluoroquinolone group overall p = 0.009).

We found a significant difference for In-hospital mortality in the per protocol population (over-

all p = 0.01). We did not find significant differences in treatment failure, early or late; or In-hos-

pital mortality after adjusting for severity (PSI), year and centre of enrolment.

Conclusions

In this exploratory analysis, we observed that the glucocorticosteroids and macrolides com-

bination had no statistically significant association with main clinical outcomes compared

with other combinations in patients with severe community acquired pneumonia and a high

inflammatory response after taking account potential confounders.

Trial registration

Clinicaltrials.gov NCT00908713.

Background

Despite advances in antibiotic treatment, the mortality of hospitalized community-acquired

pneumonia (CAP) patients is still high, especially in those with severe illness[1,2]. In severe

CAP, high levels of inflammatory cytokines can be harmful and cause pulmonary dysfunction

associated with adverse outcomes[3,4]. On the other hand, a reduced inflammatory reaction,

as seen in immunosuppressed patients or elderly can be dangerous and lead to worse out-

comes[5–7]. Several treatments have been tested to control the dysregulated inflammatory

response in CAP [8,9], however it is still not clear which therapies could best achieve these

goals, leading to improved outcomes or which could worsen the condition.

The mortality of patients with severe CAP can be high regardless of whether they receive

adequate and prompt antibiotic treatment. Macrolide combination therapy was associated

with reduced mortality in retrospective analyses and in non-interventional studies, mainly in

patients with severe pneumonia[10,11]. The use of systemic corticosteroids in addition to the

antibiotic treatment in CAP seems to have beneficial effects, mainly for severe CAP[12–16].

Systemic corticosteroids have anti-inflammatory effects and macrolides also have immuno-

modulatory activity in addition to their primary antimicrobial actions. Macrolides are concen-

trated in phagocytic cells and dampen the inflammatory response by inhibiting the generation

of proinflammatory cytokines[17]. They have been used in low doses for long-term therapy in

asthma[18], chronic obstructive pulmonary disease[19], cystic fibrosis[20] and bronchiectasis

[21] because of these anti-inflammatory actions.

There is a gap in knowledge about whether the potential anti-inflammatory effect of corti-

costeroids could be potentiated by the administration of a macrolide. The combination of
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macrolide plus corticosteroids is currently used without a scientific evaluation, although we do

not know whether this combination could decrease the inflammatory response to a very low

level, increasing the risk of side effects.

We hypothesized that when macrolides are used with adjunctive glucocorticosteroid treat-

ment, there would be a better modulation of the inflammatory response without greater risk of

side effects, than with either agent alone, which could, in turn, lead to a lower rate of treatment

failure.

Methods

We conducted an exploratory post-hoc analysis of data from a multicentre, randomized,

double-blind, placebo-controlled trial (Clinicaltrials.gov Identifier: NCT00908713) involving

patients with both severe CAP and a high inflammatory response, defined by a level of C-re-

active protein (CRP) >15 mg/dL on admission, as described in detail elsewhere[12]. We

included 106 patients with severe CAP and a high inflammatory response, who received pla-

cebo or glucocorticosteroids and antibiotic therapy with a β-lactam plus macrolide or β-lactam

plus fluoroquinolone. Fourteen patients who received antibiotic monotherapy were excluded

from the analysis since this is not the recommended empiric antibiotic treatment for severe

pneumonia. Patients with influenza infection were also excluded from the original trial.

Patients were recruited from the Departments of Pneumology of three tertiary Spanish hos-

pitals. The local ethic committee ¨Comité Ético de Investigación Clı́nica del Hospital Clinic de

Barcelona¨ approved the study protocol and written informed consent was obtained from all

participants or from their authorized representatives.

Antimicrobial treatment

All patients were treated with antibiotics according to current international guidelines[22]. All

patients in this analysis received a β-lactam plus a macrolide or a fluoroquinolone. Switch

from intravenous to oral therapy and duration of the antibiotic treatment was entirely left to

the discretion of the medical team, as was the decision to transfer patients to the intensive care

unit or for hospital discharge.

Data collection

The following data were collected on admission: age, gender, smoking history, clinical symp-

toms, physical examination and comorbidities. The initial risk class was calculated using a

pneumonia severity index (PSI) score[23] and severity criteria were assessed according to the

ATS criteria modified by Ewig et al[24]. Patients were evaluated daily for treatment failure and

time to clinical stability until discharge day [25]. Adverse events and mortality were recorded

during the hospital stay.

Microbiologic examination methods are described elsewhere [12].

Biormarker measurements

Samples for cytokine, procalcitonin and C-reactive protein (CRP) determinations were

obtained on the first day and after 72h and 7 days of treatment, centrifuged and frozen at

-80˚C until analysis. Determination of interleukin (IL)- 6, IL-8 and IL-10 levels was performed

using a commercial enzyme immunoassay technique (Biosource, Nivelles, Belgium). An

immunoluminometric technique was used to measure procalcitonin (Liaison Brahms PCT;

DiaSorin, Saluggia, Italy) with a detection limit of 0.3 ng/ml. CRP was measured with an
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immunoturbidimetric method using a commercially available test (Bayer Diagnostics, Lever-

kusen, Germany) with an Advia 2400.

Outcomes

The primary outcome was the rate of treatment failure, which includes treatment failure that

occurred early, late, or at both times. Secondary outcomes were the levels in inflammatory

markers (IL-6, IL-8, IL-10, procalcitonin, and CRP) after 3 days of treatment, time to clinical

stability, length of intensive care unit (ICU) and hospital stay, and in-hospital mortality. Early

treatment failure was defined as clinical deterioration within 72 hours of treatment (including

development of shock, need for invasive mechanical ventilation not present at baseline, or

death). Late treatment failure was defined as radiographic progression, persistence of severe

respiratory failure, development of shock, need for invasive mechanical ventilation not present

at baseline, or death between 72 hours and 120 hours after treatment initiation.

Statistical analysis

Efficacy data were analyzed for both the intention-to-treat and the per-protocol populations.

The intention-to-treat population included all randomized patients who received at least one

dose of the study drug. The per-protocol population included all randomized patients who

met all inclusion criteria, received at least six doses of the study drug, and did not deviate sub-

stantially from the protocol.

We report the number and percentage of patients for categorical variables, the mean (stan-

dard deviation) and median (interquartile range) for continuous variables. Categorical vari-

ables were compared using the χ2 test or the Fisher exact test. Continuous variables were

compared using nonparametric Kruskal-Wallis test. Pairwise comparisons were carried out

via the Bonferroni method in order to control for the experiment-wise error rate. We also per-

formed logistic regression models to examine differences in the rate of treatment failure, early

and late treatment failure and in-hospital mortality between groups, adjusting for the PSI risk

class, year of recruitment, and centre. Time to clinical stability and length of ICU and hospital

stay in the groups were analyzed by means of Cox proportional hazards models, adjusting for

the PSI risk class, year of recruitment, and centre. The odds ratio (OR) or hazard ratio (HR)

and their 95% confidence intervals (CI) were estimated. We fitted analysis of covariance

(ANCOVA) models to analyze the inflammatory response at day 3, adjusting for the baseline

inflammatory marker value, PSI risk class, year of recruitment, and centre. Inflammatory

markers were log-transformed to fit the ANCOVA model. Each treatment effect was estimated

by the least squares mean and its 95% CI. We conducted a sensitivity analysis adjusting the

previous multivariate models for age, ICU admission, year and centre of enrolment. The qual-

ity of the logistic regression models and ANCOVA models were tested using the Hosmer-

Lemeshow test and Akaike information criterion, respectively. All tests were 2-tailed and sig-

nificance was set at 0.05. All analyses were performed with IBM SPSS Statistics version 22.0

(Armonk, New York, USA).

Results

Of the 106 patients, 28 received combination therapy consisting of a β-lactam plus macrolide

(13 [12%] in the placebo group and 15 [14%] in the methylprednisolone group) and 78

received the combination of a β-lactam plus fluoroquinolone (37 [35%] in the placebo group

and 41 [39%] in the methylprednisolone group) ¨Fig 1¨. The baseline characteristics are pre-

sented in Table 1. The methylprednisolone with β-lactam plus macrolide group had more

elderly patients, with comorbidities, and higher PSI risk class V, but a lower proportion of ICU
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admission, compared to the other groups. The rate of etiologic diagnosis was higher in the

methylprednisolone with β-lactam plus fluoroquinolone group. Streptococcus pneumoniae was

the most common etiologic agent in the four groups (Table 2). Distribution of the pathogens

did not differ among groups, except for polymicrobial infection (24% in the methylpredniso-

lone with β-lactam plus fluoroquinolone group vs. 0% in the methylprednisone with β-lactam

plus macrolide group [p = 0.018]).

The most common antimicrobial treatment used was ceftriaxone plus levofloxacin in 33

[31%] patients in the group of placebo and 37 [34%] in the methylprednisolone group), ceftri-

axone plus azithromycin was used in 11 (10%) patients of placebo group and 13 (12%) patients

in the methylprednisolone group. More data about antimicrobial treatment, duration and

time to the first dose are described elsewhere[12].

Treatment failure did not differ among the four groups (Table 3), nor did early treatment

failure. However, late treatment failure did differ among the four groups (4 patients in the pla-

cebo with β-lactam plus macrolide group (31%) vs. 9 patients in the placebo with β-lactam plus

fluoroquinolone group (24%) vs. 0 patients in the methylprednisolone with β-lactam plus

macrolide group (0%) vs. 2 patients [5%] in the methylprednisolone with β-lactam plus fluoro-

quinolone group, overall crude comparison: p = 0.009). Similar results were obtained in the

per-protocol population. Despite no statistically significant differences between groups were

observed for in-hospital mortality in the intention-to-treat population, these differences were

statistically significant in the per-protocol population (3 patients in the placebo with β-lactam

plus macrolide group [23%] vs. 1 patients in the placebo with β-lactam plus fluoroquinolone

Fig 1. Flow diagram of the study.

https://doi.org/10.1371/journal.pone.0178022.g001
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group [3%] vs. 2 patients in the methylprednisolone with β-lactam plus macrolide group [14%]

vs. 0 patients in the methylprednisolone with β-lactam plus fluoroquinolone group [0%], overall

crude comparison p = 0.010). We did not find significant differences in treatment failure, early

or late; or In-hospital mortality after adjusting for severity (PSI), year and centre of enrolmentin

either the intention-to-treat population (Table 4) or the per-protocol population.

Table 1. Baseline characteristics.

Variable Placebo with β-

lactams plus

Macrolides Group

(n = 13)

Placebo with β-lactams

plus Fluoroquinolones

Group (n = 37)

Methylprednisolone with β-

lactams plus Macrolides

Group (n = 15)

Methylprednisolone with β-

lactams plus Fluoroquinolones

Group (n = 41)

P

value*

Age, years <0.001

Mean (SD) 71.1 (16.9) 60.5 (20.9) 78.5 (10.7) 57.2 (18.5)

Median (IQR) 77.0 (59.0; 85.0) 63.0 (44.0; 77.0)c 82.0 (78.0; 84.0)b,d 58.0 (45.0; 74.0)c

Male sex, No. (%) 10 (77) 22 (59) 8 (53) 23 (56) 0.558

Current smoker,

No. (%)

3 (23) 13 (35) 0 (0) 14 (34) 0.056

Pre-existing

comorbid

conditions, No.

(%)e

Diabetes mellitus 3 (23) 9 (24) 5 (33) 3 (7) 0.090

Chronic

pulmonary

disease

2 (15) 7 (19) 2 (13) 5 (12) 0.867

Congestive heart

failure

4 (31) 15 (41) 11 (73)d 10 (24)c 0.009

History of

malignancy

2 (15) 5 (14) 1 (7) 0 (0) 0.094

Ischemic heart

disease

3 (23) 4 (11)c 7 (47)b,d 4 (10)c 0.007

Pneumonia

Severity Index

score

<0.001

Mean (SD) 131.0 (21.7) 97.8 (34.0) 133.5 (35.5) 91.1 (30.1)

Median (IQR) 132.5 (112.5; 144.5)

b,d

104.0 (75.5; 123.5)a,c 134.0 (130.0; 149.0)b,d 94.5 (75.0; 112.5)a,c

Risk class, No.

(%)f

<0.001

I-III 0 (0)d 13 (35)c 1 (7)b 17 (41)a 0.006

IV 7 (54) 17 (46) 3 (20) 18 (44) 0.265

V 6 (46) 7 (19)c 11 (73)b,d 6 (15)c <0.001

ICU admission,

No. (%)

7 (54)b,d 35 (95)a,c 6 (40)b,d 37 (90)a,c <0.001

Abbreviations: ICU, intensive care unit; IQR, interquartile range; SD, standard deviation.

* P values were calculated either by the χ2 test or the Kruskal-Wallis test.
a P<0.05 vs. placebo with β-lactam plus macrolide group.
b P<0.05 vs. placebo with β-lactam plus fluoroquinolone group.
c P<0.05 vs. methylprednisolone with β-lactam plus macrolide group.
d P<0.05 vs. methylprednisolone with β-lactam plus fluoroquinolone group.
e Patients could have more than one comorbidity.
f Pneumonia severity index stratifies patients with CAP according to 30 day risk mortality of CAP in 5 different classes: risk classes from 1–3 (�90 points)

have a low mortality and risk classes 4 (91–130 points) and 5 (>130 points) have the highest mortality.

https://doi.org/10.1371/journal.pone.0178022.t001
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Results of statistical analyses of the inflammatory response at day 3, adjusting for the base-

line inflammatory marker value, PSI risk class, year of recruitment, and centre of enrolment

based on the ANCOVA models showed a significant effect of corticosteroids for IL-6, procalci-

tonin, and IL-8 (p<0.001, p = 0.016 and p = 0.028, respectively) (Table 5). For the interaction

between glucocorticosteroids and antibiotics for procalcitonin a trend towards statistical sig-

nificance was observed, mainly driven by lower values in the methylprednisolone with β-lac-

tam plus macrolide group after adjustments for potential confounders. For IL-8, we observed

lower values in the methylprednisolone with β-lactam plus macrolide group, although the

interaction was not significant. Similar results were obtained in the per-protocol population.

Analyses of primary and secondary outcomes, adjusting for age and ICU admission,

showed no significance differences between groups (Tables B and C in S1 Supplementary file).

The results of the methods for assessing the quality of the models are shown in Table D in S1

Supplementary file. Comparing only patients who received methylprednisolone with a β-lac-

tam plus macrolide with the overall population, we did not observe significant differences

(Tables E and F in S1 Supplementary file).

Discussion

In this post-hoc exploratory analysis, we observed that patients who received glucocorticoster-

oids combined with macrolides did not have worse outcomes than those patients who received

other combinations. Thus it does not appear to be unsafe to combine a macrolide with gluco-

corticosteroids when treating CAP, even though both have immune modulating effects. Fur-

thermore, we observed a lower rate of late treatment failure and a trend of interaction for

improved trend in biomarker findings, when using both glucocorticosteroids and macrolides,

as reflected by procalcitonin at day 3.

Severe pneumonia patients have shown increased serum levels of IL-6, IL-8 and IL-10, and

the excess of IL-6 and IL-10 are associated with an increase in mortality from 4.8% to 11.4%

Table 2. Microbiologic identification for the intention-to-treat population.

Placebo with β-

lactams plus

Macrolides Group

(n = 13)

Placebo with β-lactams

plus Fluoroquinolones

Group

(n = 37)

Methylprednisolone with β-

lactams plus Macrolides

Group

(n = 15)

Methylprednisolone with β-

lactams plus Fluoroquinolones

Group

(n = 41)

P

value*

Microorganism 0.477

Streptococcus

pneumoniae

2(15) 7(19) 3(20) 7(17) 0.986

Legionella

pneumophila

0 (0) 1 (3) 1 (7) 2 (5) 0.777

Gram-negative

bacteria

0 (0) 1 (3) 0 (0) 0 (0) 0.601

Staphylococcus

aureus

0 (0) 0 (0) 0 (0) 1 (2) 0.663

Coxiellaburnetti 0 (0) 0 (0) 0 (0) 1 (2) 0.663

Respiratory virus 0 (0) 1 (3) 1 (7) 3 (7) 0.636

Polymicrobial 0 (0) 3 (8) 0 (0) 10 (24) 0.018

Unknown etiology 11 (85)b 24 (65) 10 (67) 17 (41)a 0.022

Data are shown as number of patients (%).

* P values were calculated by the χ2 test.
a P<0.05 vs. placebo with β-lactams plus macrolides group.
b P<0.05 vs. methylprednisolone with β-lactams plus fluoroquinolones group.

https://doi.org/10.1371/journal.pone.0178022.t002
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Table 3. Outcomes using descriptive statistics for the intention-to- treat population.

Placebo with β-

lactams plus

Macrolides Group

(n = 13)

Placebo with β-lactams

plus Fluoroquinolones

Group (n = 37)

Methylprednisolone with β-

lactams plus Macrolides

Group (n = 15)

Methylprednisolone with β-

lactams plus Fluoroquinolones

Group (n = 41)

P

value*

Primary Outcomes

Treatment failure,

No. (%)d
4 (31) 10 (27) 2 (13) 6 (15) 0.374

Early treatment

failure (0–72 h), No.

(%)e

0 (0) 3 (8) 2 (13) 4 (10) 0.626

Early mechanical

ventilation, No. (%)

0 (0) 3 (8) 1 (7) 3 (7) 0.780

Early septic shock,

No. (%)

0 (0) 0 (0) 2 (13) 0 (0) 0.006

Death within 0–72

h, No. (%)

0 (0) 1 (3) 1 (7) 1 (2) 0.751

Late treatment

failure (72–120 h),

No. (%)e

4 (31) 9 (24) 0 (0) 2 (5) 0.009

Radiographic

progression, No.

(%)

2 (15) 5 (14) 0 (0) 1 (2) 0.122

Respiratory failure,

No. (%)

2 (15) 2 (5) 0 (0) 1 (2) 0.208

Late mechanical

ventilation, No. (%)

2 (15) 1 (3) 0 (0) 1 (2) 0.125

Late septic shock,

No. (%)

1 (8) 3 (8) 0 (0) 0 (0) 0.198

Death within 72–

120 h, No. (%)

0 (0) 0 (0) 0 (0) 0 (0) -

Secondary

Outcomes

C-reactive protein,

mg/L

Day 1 (n = 98) 0.062

Mean (SD) 230 (80) 231 (67) 191 (95) 255 (84)

Median (IQR) 244 (165; 294) 250 (182; 284) 238 (194; 244) 282 (204; 301)

Day 3 (n = 88) 0.023

Mean (SD) 170 (97) 158 (80) 98 (67) 113 (66)

Median (IQR) 190 (96; 241) 145 (102; 238) 105 (48; 119) 102 (67; 146)

Procalcitonin, ng/

dL

Day 1 (n = 97) 0.032

Mean (SD) 6.8 (8.4) 6.3 (7.6) 2.4 (4.2) 4.8 (10.4)

Median (IQR) 1.5 (0.5; 15.9) 4.2 (1.0; 8.4) 0.5 (0.1; 2.1) 1.3 (0.4; 4.1)

Day 3 (n = 88) 0.011

Mean (SD) 4.2 (3.9) 3.1 (6.0) 0.9 (1.6) 1.6 (2.9)

Median (IQR) 3.7 (0.4; 7.5) 1.0 (0.4; 2.9) 0.2 (0.1; 1.1) 0.5 (0.2; 1.7)

Interleukin-6, pg/dL

Day 1 (n = 95) 0.262

Mean (SD) 1042 (1367) 1165 (2588) 361 (446) 924 (2813)

Median (IQR) 197 (169; 1534) 337 (219; 754) 165 (137; 243) 347 (134; 715)

(Continued )

Treatment with macrolides and glucocorticosteroids in severe community-acquired pneumonia

PLOS ONE | https://doi.org/10.1371/journal.pone.0178022 June 15, 2017 8 / 14

https://doi.org/10.1371/journal.pone.0178022


Table 3. (Continued)

Placebo with β-

lactams plus

Macrolides Group

(n = 13)

Placebo with β-lactams

plus Fluoroquinolones

Group (n = 37)

Methylprednisolone with β-

lactams plus Macrolides

Group (n = 15)

Methylprednisolone with β-

lactams plus Fluoroquinolones

Group (n = 41)

P

value*

Day 3 (n = 76) <0.001

Mean (SD) 250 (385) 278 (488) 70 (66) 103 (196)

Median (IQR) 130 (102; 212)c 173 (109; 250)c 44 (14; 134) 49 (31; 67)a,b

Interleukin-8, pg/dL

Day 1 (n = 88) 0.405

Mean (SD) 141 (117) 4728 (24082) 102 (180) 249 (564)

Median (IQR) 99 (57; 182) 76.5 (42; 151) 41 (36; 83) 80 (34.5; 161)

Day 3 (n = 78) 0.206

Mean (SD) 203 (390) 134 (150) 47 (56) 139 (205)

Median (IQR) 100 (36.5; 160) 67.5 (32; 194.5) 21.5 (17; 58) 53.5 (24.5; 149)

Interleukin-10, pg/

dL

Day 1 (n = 95) 0.075

Mean (SD) 11.5 (11.3) 23.9 (55.8) 5.5 (7.2) 25.9 (85.6)

Median (IQR) 7.8 (6.8; 11.5) 6.4 (3.5; 14.0) 4.1 (2.4; 4.8) 6.2 (2.9; 10.0)

Day 3 (n = 84) 0.019

Mean (SD) 9.6 (11.7) 9.5 (11.8) 5.5 (8.9) 17.1 (77.7)

Median (IQR) 6.9 (2.5; 10.0) 4.6 (2.7; 11.0) 4.0 (1.2; 4.6) 3.1 (1.1; 5.5)

Time to clinical

stability, daysf
0.193

Mean (SD) 5.3 (4.2) 6.9 (5.7) 3.8 (1.9) 5.9 (4.8)

Median (IQR) 4.0 (3.0; 6.0) 5.5 (3.5; 8.0) 4.0 (3.0; 4.0) 4.5 (3.0; 7.0)

Length of hospital

stay, days

0.920

Mean (SD) 12.9 (7.3) 16.4 (21.4) 12.4 (5.7) 15.9 (17.3)

Median (IQR) 10.0 (8.0; 16.0) 12.0 (9.0; 15.0) 13.0 (8.0; 15.0) 11.0 (8.0; 14.5)

Length of ICU stay,

daysg
0.833

Mean (SD) 7.0 (3.4) 7.9 (9.7) 5.8 (4.5) 8.6 (11.4)

Median (IQR) 7.0 (4.0; 10.0) 6.0 (4.0; 8.0) 4.5 (4.0; 7.0) 5.0 (3.0; 8.0)

In-hospital

mortality, No. (%)

3 (23) 2 (5) 3 (20) 2 (5) 0.090

Abbreviations: ICU, intensive care unit; IQR, interquartile range; SD, standard deviation.

* P values were calculated either by the χ2 test or the Kruskal-Wallis test.
a P<0.05 vs. placebo with β-lactams plus macrolides group.
b P<0.05 vs. placebo with β-lactams plus fluoroquinolones group.
c P<0.05 vs. methylprednisolone with β-lactams plus fluoroquinolones group.
d Defined as the presence of early, late failure or both.
e Several patients had more than 1 criteria of failure.
f Clinical stability was considered to be attained when the following values were achieved for all parameters: temperature of 37.2˚C or lower; heart rate of

100 beats/min or lower; systolic blood pressure of 90 mmHg or higher; and arterial oxygen tension of 60 mmHg or higher when the patient was not receiving

supplemental oxygen. In patients who were receiving home oxygen therapy, stability was considered to be achieved when their oxygen needs were the

same as before admission.
g There were 7 patients in the placebo with β-lactam plus macrolide group, 34 patients in the placebo with β-lactams plus fluoroquinolones group, 6 patients

in the methylprednisolone with β-lactams plus macrolides group, and 36 patients in the placebo with β-lactams plus fluoroquinolones group in the intention-

to-treat population.

https://doi.org/10.1371/journal.pone.0178022.t003
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[26]. Corticosteroids and macrolides share some anti-inflammatory effects regulating cytokine

release[27]. As regards macrolides, this effect has been observed in in vitro and in vivo studies.

In addition, macrolides have effects on structural cells of the respiratory tract such as endothe-

lial and epithelial cells. In animal studies macrolides show a reduction of histological inflam-

matory signs[28]. These studies have been performed predominantly with Streptococcus
pneumoniae or Mycoplasma pneumoniae models of pneumonia. In an in-vitro study, the

Table 4. Outcomes for the glucocorticosteroids and antibiotic combination treatments using logistic regression or cox proportional hazards mod-

els for the intention-to- treat population.

OR or HR for the

corticosteroid effect*
(Placebo with β-lactams data

were reference values) (95%

CI)

OR or HR for the

antibiotic effect*
(Macrolides data were

reference values) (95%

CI)

OR or HR for the

interaction

effect* (95% CI)

P value for the

corticosteroid

effect#

P value for

the antibiotic

effect#

P value for the

interaction

effect#

Primary

Outcomes

Treatment

failurea
0.37 (0.05 to 2.64) 1.30 (0.31 to 5.51) 1.30 (0.13 to

12.94)

0.320 0.722 0.824

Early

treatment

failure (0–72

h)b

NAc NAc NAc >0.99 >0.99 >0.99

Late treatment

failure (72–120

h)b

NAc 1.40 (0.31 to 6.36) NAc >0.99 0.663 >0.99

Secondary

Outcomes

Time to

clinical

stability, daysd

1.65 (0.64 to 4.27) 0.58 (0.27 to 1.25) 0.63 (0.22 to

1.84)

0.297 0.163 0.403

Length of

hospital stay,

days

0.89 (0.16 to 4.85) 0.42 (0.07 to 2.71) 1.31 (0.10 to

17.58)

0.894 0.364 0.837

Length of ICU

stay, dayse
NAc 0.36 (0.05 to 2.71) NAc 0.959 0.318 0.961

In-hospital

mortality

0.72 (0.10 to 5.44) 0.34 (0.04 to 2.67) 1.48 (0.08 to

26.42)

0.769 0.307 0.791

Abbreviations: CI, confidence interval; HR, hazard ratio; NA; not available; OR, odds ratio.

*Estimate of the OR or HR comparing glucocorticosteroids and antibiotic combination treatments (placebo with β-lactams and macrolides being the

reference groups) derived using either the logistic regression model or the Cox proportional hazards model adjusted for the severity (PSI score), year and

centre of enrolment.
# P values were calculated using either the logistic regression model or the Cox proportional hazards model adjusted for the severity (PSI score), year and

centre of enrolment.
a Defined as the presence of early, late failure or both.
b Several patients had more than 1 criteria of failure.
c Estimation failed due to numerical problem. Because the coefficients did not converge, no further models were fitted.
d Clinical stability was considered to be attained when the following values were achieved for all parameters: temperature of 37.2˚C or lower; heart rate of

100 beats/min or lower; systolic blood pressure of 90 mmHg or higher; and arterial oxygen tension of 60 mmHg or higher when the patient was not receiving

supplemental oxygen. In patients who were receiving home oxygen therapy, stability was considered to be achieved when their oxygen needs were the

same as before admission.
e There were 7 patients in the placebo with β-lactam plus macrolide group, 34 patients in the placebo with β-lactams plus fluoroquinolones group, 6 patients

in the methylprednisolone with β-lactams plus macrolides group, and 36 patients in the placebo with β-lactams plus fluoroquinolones group in the intention-

to-treat population.

https://doi.org/10.1371/journal.pone.0178022.t004
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macrolides showed an improvement in sensitive corticosteroids and higher inhibition in IL-8

levels[29]. In a recent human study, treatment with corticosteroids and macrolides reduced the

level of inflammatory biomarkers such as IL-6 and IL-8 in bronchoalveolar lavage of patients

with non-responding pneumonia[30], also in a recent post-hoc analysis of STEP study the

patients who receiving corticosteroids plus macrolides presented lower re-hospitalisation than

those received β-lactam monotherapy[31]. Macrolides and corticosteroids act on different tar-

gets[32], and their combination could potentiate their immunomodulatory effects. Interestingly,

quinolones have also been associated with immunomodulatory effects during in vitro experi-

ments, ex-vivo investigations, in vivo pre-clinical models and in the clinical setting[33,34].

Treatment failure is common in patients with severe pneumonia, reaching rates of 35% in

high-risk patients (PSI class V)[35,36]. This rate was reduced with corticosteroid treatment to

13% in the original trial[12] and, in this post-hoc analysis, we found an even lower rate in

patients receiving antibiotic treatment with a macrolide and a ß-lactam, along with the gluco-

corticosteroids, where late treatment failure was reduced to 0%. However, because we had few

events, we were unpowered to observe a potential statistically significant interaction between

glucocorticosteroid and antibiotic groups.

Our study included a specific population of patients with community-acquired pneumonia

with high inflammatory response measured by high CRP levels at randomization, and all

patients received β-lactam antibiotic treatment. These criteria allowed us to analyse the target

effect of macrolides and glucocorticosteroids, taking account that different cytokine profiles

were described accordingly to pneumonia aetiology, severity and due to the bactericidal prop-

erties of antimicrobial treatments[26]. There are more than one definition for treatment failure

Table 5. Inflammatory response on day 3 for the glucocorticosteroids and antibiotic combination treatments using ANCOVA models for the inten-

tion-to- treat population.

Placebo with

β-lactams

plus

Macrolides

Group

LS mean

(95% CI)*

Placebo with β-

lactams plus

Fluoroquinolones

Group

LS mean (95% CI)*

Methylprednisolone

with β-lactams plus

Macrolides Group

LS mean (95% CI)*

Methylprednisolone

with β-lactams plus

Fluoroquinolones

Group

LS mean (95% CI)*

P value for the

corticosteroid

effect#

P value for

the

antibiotic

effect#

P value for

the

interaction

effect#

C-reactive

protein at day

3, mg/L

(n = 83)

83.2 (43.3 to

160)

107.2 (61.6 to 186.8) 71.2 (35.2 to 144) 79.4 (47.1 to 133.8) 0.336 0.562 0.774

Procalcitonin

at day 3, ng/L

(n = 85)

1.10 (0.57 to

2.10)

0.89 (0.52 to 1.51) 0.39 (0.20 to 0.75) 0.78 (0.47 to 1.29) 0.016 0.421 0.066

Interleukin-6 at

day 3, pg/dL

(n = 70)

104.3 (50.5 to

215.5)

134.4 (71.4 to 252.9) 32.2 (13.6 to 76.6) 48 (26.3 to 87.9) <0.001 0.374 0.804

Interleukin-8 at

day 3, pg/dL

(n = 69)

78.4 (30.2 to

203.8)

39.9 (17.1 to 92.8) 20.9 (7.4 to 59.1) 31.3 (14.3 to 68.8) 0.028 0.782 0.159

Interleukin-10

at day 3, pg/dL

(n = 79)

4.92 (2.60 to

9.35)

5.52 (3.21 to 9.52) 4.34 (2.20 to 8.57) 2.72 (1.62 to 4.55) 0.076 0.571 0.232

Abbreviations: ANCOVA, analysis of covariance; CI, confidence interval; LS, least square.

* LS mean: least square mean for the inflammatory market at day 3 variables in the ANCOVA model.
# P values were calculated using the ANCOVA models adjusted for the inflammatory marker at day 1 (baseline), severity (PSI score), year and centre of

enrolment.

https://doi.org/10.1371/journal.pone.0178022.t005
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for community-acquired pneumonia, and we choose the definition developed in the Neumo-

fail study, which has shown relationship with mortality[36].

Our study has limitations that must be acknowledged. First, the antibiotic choice was not ran-

domized, resulting in heterogeneous groups with differences in baseline characteristics including

severity and admission to ICU. It would appear that attending physicians treat elderly patients

with comorbidities with macrolides and patients admitted to ICU with fluoroquinolones. We

tried to overcome this limitation by adjusting for PSI score, which accounts for age, comorbidities

and severity. Second, the number of patients who received macrolides was small, hindering the

possibility of a fully-adjusted analysis for proper comparison with patients who received fluoro-

quinolones and their interaction with glucocorticosteroids. Third, we did not measure baseline

cortisol, which may be an important marker for measuring the effects of glucocorticosteroids.

In conclusion the glucocorticosteroids and macrolides combination had no statistically sig-

nificant association with main clinical outcomes compared with other combinations in

patients with severe community acquired pneumonia and a high inflammatory response after

taking account potential confounders. We believe this report could be a hypothesis generator

to further RCTs combining glucocorticosteroids with macrolides or fluoroquinolones.

Supporting information

S1 Supplementary file.

(DOCX)

S1 Database.

(SAV)

Author Contributions

Conceptualization: AC CC OR MF MN AT.

Data curation: AC AT.

Formal analysis: OR AG.

Funding acquisition: AT.

Investigation: AC CC RM CA MF OS.

Methodology: OR AG MN AT.

Project administration: AT.

Resources: AT.

Supervision: MF MN AT.

Validation: OR AG.

Visualization: AC OR MF MN AT.

Writing – original draft: AC CC OR.

Writing – review & editing: MF MN AT.

References
1. Fine MJ, Smith MA, Carson CA, Mutha SS, Sankey SS, Weissfeld LA, et al. Prognosis and outcomes of pa-

tients with community-acquired pneumonia. A meta-analysis. JAMA. 1996; 275: 134–141. PMID: 8531309

Treatment with macrolides and glucocorticosteroids in severe community-acquired pneumonia

PLOS ONE | https://doi.org/10.1371/journal.pone.0178022 June 15, 2017 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0178022.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0178022.s002
http://www.ncbi.nlm.nih.gov/pubmed/8531309
https://doi.org/10.1371/journal.pone.0178022


2. Restrepo MI, Mortensen EM, Velez JA, Frei C, Anzueto A. A comparative study of community-acquired

pneumonia patients admitted to the ward and the ICU. Chest. 2008; 133: 610–617. https://doi.org/10.

1378/chest.07-1456 PMID: 17989157

3. Ramı́rez P, Ferrer M, Martı́ V, Reyes S, Martı́nez R, Menéndez R, et al. Inflammatory biomarkers and

prediction for intensive care unit admission in severe community-acquired pneumonia. Crit Care Med.

2011; 39: 2211–2217. https://doi.org/10.1097/CCM.0b013e3182257445 PMID: 21705887

4. Menéndez R, Martı́nez R, Reyes S, Mensa J, Filella X, Marcos MA, et al. Biomarkers improve mortality

prediction by prognostic scales in community-acquired pneumonia. Thorax. 2009; 64: 587–591. https://

doi.org/10.1136/thx.2008.105312 PMID: 19131448

5. van Werkhoven CH, Huijts SM, Bolkenbaas M, Grobbee DE, Bonten MJM. The Impact of Age on the

Efficacy of 13-valent Pneumococcal Conjugate Vaccine in Elderly. Clin Infect Dis Off Publ Infect Dis

Soc Am. 2015; 61: 1835–1838. https://doi.org/10.1093/cid/civ686 PMID: 26265498

6. Solana R, Tarazona R, Gayoso I, Lesur O, Dupuis G, Fulop T. Innate immunosenescence: effect of

aging on cells and receptors of the innate immune system in humans. Semin Immunol. 2012; 24: 331–

341. https://doi.org/10.1016/j.smim.2012.04.008 PMID: 22560929

7. Gudiol C, Royo-Cebrecos C, Laporte J, Ardanuy C, Garcia-Vidal C, Antonio M, et al. Clinical features,

aetiology and outcome of bacteraemic pneumonia in neutropenic cancer patients. Respirol Carlton Vic.

2016; 21: 1411–1418. https://doi.org/10.1111/resp.12848 PMID: 27417156

8. Annane D, Timsit J-F, Megarbane B, Martin C, Misset B, Mourvillier B, et al. Recombinant human acti-

vated protein C for adults with septic shock: a randomized controlled trial. Am J Respir Crit Care Med.

2013; 187: 1091–1097. https://doi.org/10.1164/rccm.201211-2020OC PMID: 23525934

9. Alejandria MM, Lansang MAD, Dans LF, Mantaring JB. Intravenous immunoglobulin for treating sepsis,

severe sepsis and septic shock. Cochrane Database Syst Rev. 2013; CD001090. https://doi.org/10.

1002/14651858.CD001090.pub2 PMID: 24043371

10. Asadi L, Sligl WI, Eurich DT, Colmers IN, Tjosvold L, Marrie TJ, et al. Macrolide-based regimens and

mortality in hospitalized patients with community-acquired pneumonia: a systematic review and meta-

analysis. Clin Infect Dis Off Publ Infect Dis Soc Am. 2012; 55: 371–380. https://doi.org/10.1093/cid/

cis414 PMID: 22511553

11. Mortensen EM, Halm EA, Pugh MJ, Copeland LA, Metersky M, Fine MJ, et al. Association of azithromy-

cin with mortality and cardiovascular events among older patients hospitalized with pneumonia. JAMA.

2014; 311: 2199–2208. https://doi.org/10.1001/jama.2014.4304 PMID: 24893087

12. Torres A, Sibila O, Ferrer M, Polverino E, Menendez R, Mensa J, et al. Effect of corticosteroids on treat-

ment failure among hospitalized patients with severe community-acquired pneumonia and high inflam-

matory response: a randomized clinical trial. JAMA. 2015; 313: 677–686. https://doi.org/10.1001/jama.

2015.88 PMID: 25688779

13. Blum CA, Nigro N, Briel M, Schuetz P, Ullmer E, Suter-Widmer I, et al. Adjunct prednisone therapy for

patients with community-acquired pneumonia: a multicentre, double-blind, randomised, placebo-con-

trolled trial. Lancet Lond Engl. 2015; 385: 1511–1518. https://doi.org/10.1016/S0140-6736(14)62447-8

14. Wan Y-D, Sun T-W, Liu Z-Q, Zhang S-G, Wang L-X, Kan Q-C. Efficacy and Safety of Corticosteroids

for Community-Acquired Pneumonia: A Systematic Review and Meta-Analysis. Chest. 2016; 149: 209–

219. https://doi.org/10.1378/chest.15-1733 PMID: 26501852

15. Sibila O, Luna CM, Agustı́ C, Baquero S, Gando S, Patrón JR, et al. Effects of glucocorticoids in venti-

lated piglets with severe pneumonia. Eur Respir J. 2008; 32: 1037–1046. https://doi.org/10.1183/

09031936.00009208 PMID: 18508831

16. Siemieniuk RAC, Meade MO, Alonso-Coello P, Briel M, Evaniew N, Prasad M, et al. Corticosteroid

Therapy for Patients Hospitalized With Community-Acquired Pneumonia: A Systematic Review and

Meta-analysis. Ann Intern Med. 2015; 163: 519–528. https://doi.org/10.7326/M15-0715 PMID:

26258555

17. Altenburg J, de Graaff CS, van der Werf TS, Boersma WG. Immunomodulatory effects of macrolide

antibiotics—part 1: biological mechanisms. Respir Int Rev Thorac Dis. 2011; 81: 67–74. https://doi.org/

10.1159/000320319 PMID: 20733281

18. Arfè A, Blasi F, Merlino L, Corrao G. Respiratory drugs and macrolides prevent asthma exacerbations:

A real-world investigation. Respir Med. 2016; 119: 7–12. https://doi.org/10.1016/j.rmed.2016.05.004

PMID: 27692150

19. Albert RK, Connett J, Bailey WC, Casaburi R, Cooper JAD, Criner GJ, et al. Azithromycin for prevention

of exacerbations of COPD. N Engl J Med. 2011; 365: 689–698. https://doi.org/10.1056/

NEJMoa1104623 PMID: 21864166

20. Saiman L, Marshall BC, Mayer-Hamblett N, Burns JL, Quittner AL, Cibene DA, et al. Azithromycin in

patients with cystic fibrosis chronically infected with Pseudomonas aeruginosa: a randomized controlled

trial. JAMA. 2003; 290: 1749–1756. https://doi.org/10.1001/jama.290.13.1749 PMID: 14519709

Treatment with macrolides and glucocorticosteroids in severe community-acquired pneumonia

PLOS ONE | https://doi.org/10.1371/journal.pone.0178022 June 15, 2017 13 / 14

https://doi.org/10.1378/chest.07-1456
https://doi.org/10.1378/chest.07-1456
http://www.ncbi.nlm.nih.gov/pubmed/17989157
https://doi.org/10.1097/CCM.0b013e3182257445
http://www.ncbi.nlm.nih.gov/pubmed/21705887
https://doi.org/10.1136/thx.2008.105312
https://doi.org/10.1136/thx.2008.105312
http://www.ncbi.nlm.nih.gov/pubmed/19131448
https://doi.org/10.1093/cid/civ686
http://www.ncbi.nlm.nih.gov/pubmed/26265498
https://doi.org/10.1016/j.smim.2012.04.008
http://www.ncbi.nlm.nih.gov/pubmed/22560929
https://doi.org/10.1111/resp.12848
http://www.ncbi.nlm.nih.gov/pubmed/27417156
https://doi.org/10.1164/rccm.201211-2020OC
http://www.ncbi.nlm.nih.gov/pubmed/23525934
https://doi.org/10.1002/14651858.CD001090.pub2
https://doi.org/10.1002/14651858.CD001090.pub2
http://www.ncbi.nlm.nih.gov/pubmed/24043371
https://doi.org/10.1093/cid/cis414
https://doi.org/10.1093/cid/cis414
http://www.ncbi.nlm.nih.gov/pubmed/22511553
https://doi.org/10.1001/jama.2014.4304
http://www.ncbi.nlm.nih.gov/pubmed/24893087
https://doi.org/10.1001/jama.2015.88
https://doi.org/10.1001/jama.2015.88
http://www.ncbi.nlm.nih.gov/pubmed/25688779
https://doi.org/10.1016/S0140-6736(14)62447-8
https://doi.org/10.1378/chest.15-1733
http://www.ncbi.nlm.nih.gov/pubmed/26501852
https://doi.org/10.1183/09031936.00009208
https://doi.org/10.1183/09031936.00009208
http://www.ncbi.nlm.nih.gov/pubmed/18508831
https://doi.org/10.7326/M15-0715
http://www.ncbi.nlm.nih.gov/pubmed/26258555
https://doi.org/10.1159/000320319
https://doi.org/10.1159/000320319
http://www.ncbi.nlm.nih.gov/pubmed/20733281
https://doi.org/10.1016/j.rmed.2016.05.004
http://www.ncbi.nlm.nih.gov/pubmed/27692150
https://doi.org/10.1056/NEJMoa1104623
https://doi.org/10.1056/NEJMoa1104623
http://www.ncbi.nlm.nih.gov/pubmed/21864166
https://doi.org/10.1001/jama.290.13.1749
http://www.ncbi.nlm.nih.gov/pubmed/14519709
https://doi.org/10.1371/journal.pone.0178022


21. Rogers GB, Bruce KD, Martin ML, Burr LD, Serisier DJ. The effect of long-term macrolide treatment on

respiratory microbiota composition in non-cystic fibrosis bronchiectasis: an analysis from the rando-

mised, double-blind, placebo-controlled BLESS trial. Lancet Respir Med. 2014; 2: 988–996. https://doi.

org/10.1016/S2213-2600(14)70213-9 PMID: 25458200

22. Mandell LA, Wunderink RG, Anzueto A, Bartlett JG, Campbell GD, Dean NC, et al. Infectious Diseases

Society of America/American Thoracic Society consensus guidelines on the management of commu-

nity-acquired pneumonia in adults. Clin Infect Dis Off Publ Infect Dis Soc Am. 2007; 44 Suppl 2: S27–

72. https://doi.org/10.1086/511159 PMID: 17278083

23. Fine MJ, Auble TE, Yealy DM, Hanusa BH, Weissfeld LA, Singer DE, et al. A prediction rule to identify

low-risk patients with community-acquired pneumonia. N Engl J Med. 1997; 336: 243–250. https://doi.

org/10.1056/NEJM199701233360402 PMID: 8995086

24. Ewig S, Ruiz M, Mensa J, Marcos MA, Martinez JA, Arancibia F, et al. Severe community-acquired

pneumonia. Assessment of severity criteria. Am J Respir Crit Care Med. 1998; 158: 1102–1108. https://

doi.org/10.1164/ajrccm.158.4.9803114 PMID: 9769267

25. Halm EA, Fine MJ, Marrie TJ, Coley CM, Kapoor WN, Obrosky DS, et al. Time to clinical stability in

patients hospitalized with community-acquired pneumonia: implications for practice guidelines. JAMA.

1998; 279: 1452–1457. PMID: 9600479

26. Martı́nez R, Menéndez R, Reyes S, Polverino E, Cillóniz C, Martı́nez A, et al. Factors associated with

inflammatory cytokine patterns in community-acquired pneumonia. Eur Respir J. 2011; 37: 393–399.

https://doi.org/10.1183/09031936.00040710 PMID: 20595152

27. Giamarellos-Bourboulis EJ. Macrolides beyond the conventional antimicrobials: a class of potent immu-

nomodulators. Int J Antimicrob Agents. 2008; 31: 12–20. https://doi.org/10.1016/j.ijantimicag.2007.08.

001 PMID: 17935949

28. Tagliabue C, Salvatore CM, Techasaensiri C, Mejias A, Torres JP, Katz K, et al. The impact of steroids

given with macrolide therapy on experimental Mycoplasma pneumoniae respiratory infection. J Infect

Dis. 2008; 198: 1180–1188. https://doi.org/10.1086/591915 PMID: 18717637

29. Sun X-J, Li Z-H, Zhang Y, Zhou G, Zhang J-Q, Deng J-M, et al. Combination of erythromycin and dexa-

methasone improves corticosteroid sensitivity induced by CSE through inhibiting PI3K-δ/Akt pathway

and increasing GR expression. Am J Physiol Lung Cell Mol Physiol. 2015; 309: L139–146. https://doi.

org/10.1152/ajplung.00292.2014 PMID: 25957293

30. Lorenzo M-J, Moret I, Sarria B, Cases E, Cortijo J, Méndez R, et al. Lung inflammatory pattern and anti-

biotic treatment in pneumonia. Respir Res. 2015; 16: 15. https://doi.org/10.1186/s12931-015-0165-y

PMID: 25849726

31. Wirz SA, Blum CA, Schuetz P, Albrich WC, Noppen C, Mueller B, et al. Pathogen- and antibiotic-specific

effects of prednisone in community-acquired pneumonia. Eur Respir J. 2016; 48: 1150–1159. https://

doi.org/10.1183/13993003.00474-2016 PMID: 27471201

32. Kovaleva A, Remmelts HHF, Rijkers GT, Hoepelman AIM, Biesma DH, Oosterheert JJ. Immunomodu-

latory effects of macrolides during community-acquired pneumonia: a literature review. J Antimicrob

Chemother. 2012; 67: 530–540. https://doi.org/10.1093/jac/dkr520 PMID: 22190609

33. Dalhoff A. Immunomodulatory activities of fluoroquinolones. Infection. 2005; 33 Suppl 2: 55–70. https://

doi.org/10.1007/s15010-005-8209-8 PMID: 16518713

34. Dalhoff A, Shalit I. Immunomodulatory effects of quinolones. Lancet Infect Dis. 2003; 3: 359–371.

PMID: 12781508

35. Menéndez R, Cavalcanti M, Reyes S, Mensa J, Martinez R, Marcos MA, et al. Markers of treatment fail-

ure in hospitalised community acquired pneumonia. Thorax. 2008; 63: 447–452. https://doi.org/10.

1136/thx.2007.086785 PMID: 18245147

36. Menéndez R, Torres A, Zalacaı́n R, Aspa J, Martı́n Villasclaras JJ, Borderı́as L, et al. Risk factors of

treatment failure in community acquired pneumonia: implications for disease outcome. Thorax. 2004;

59: 960–965. https://doi.org/10.1136/thx.2003.017756 PMID: 15516472

Treatment with macrolides and glucocorticosteroids in severe community-acquired pneumonia

PLOS ONE | https://doi.org/10.1371/journal.pone.0178022 June 15, 2017 14 / 14

https://doi.org/10.1016/S2213-2600(14)70213-9
https://doi.org/10.1016/S2213-2600(14)70213-9
http://www.ncbi.nlm.nih.gov/pubmed/25458200
https://doi.org/10.1086/511159
http://www.ncbi.nlm.nih.gov/pubmed/17278083
https://doi.org/10.1056/NEJM199701233360402
https://doi.org/10.1056/NEJM199701233360402
http://www.ncbi.nlm.nih.gov/pubmed/8995086
https://doi.org/10.1164/ajrccm.158.4.9803114
https://doi.org/10.1164/ajrccm.158.4.9803114
http://www.ncbi.nlm.nih.gov/pubmed/9769267
http://www.ncbi.nlm.nih.gov/pubmed/9600479
https://doi.org/10.1183/09031936.00040710
http://www.ncbi.nlm.nih.gov/pubmed/20595152
https://doi.org/10.1016/j.ijantimicag.2007.08.001
https://doi.org/10.1016/j.ijantimicag.2007.08.001
http://www.ncbi.nlm.nih.gov/pubmed/17935949
https://doi.org/10.1086/591915
http://www.ncbi.nlm.nih.gov/pubmed/18717637
https://doi.org/10.1152/ajplung.00292.2014
https://doi.org/10.1152/ajplung.00292.2014
http://www.ncbi.nlm.nih.gov/pubmed/25957293
https://doi.org/10.1186/s12931-015-0165-y
http://www.ncbi.nlm.nih.gov/pubmed/25849726
https://doi.org/10.1183/13993003.00474-2016
https://doi.org/10.1183/13993003.00474-2016
http://www.ncbi.nlm.nih.gov/pubmed/27471201
https://doi.org/10.1093/jac/dkr520
http://www.ncbi.nlm.nih.gov/pubmed/22190609
https://doi.org/10.1007/s15010-005-8209-8
https://doi.org/10.1007/s15010-005-8209-8
http://www.ncbi.nlm.nih.gov/pubmed/16518713
http://www.ncbi.nlm.nih.gov/pubmed/12781508
https://doi.org/10.1136/thx.2007.086785
https://doi.org/10.1136/thx.2007.086785
http://www.ncbi.nlm.nih.gov/pubmed/18245147
https://doi.org/10.1136/thx.2003.017756
http://www.ncbi.nlm.nih.gov/pubmed/15516472
https://doi.org/10.1371/journal.pone.0178022

