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Dexamethasone Downregulates the Systemic Cytokine Response in
Patients with Community-Acquired Pneumonia
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The influence of adjunctive corticosteroids on the cytokine response in community-acquired pneumonia (CAP) is largely un-
known. In this study, we analyzed the effect of dexamethasone on the cytokine response in patients with CAP and evaluated
whether this effect is dependent on the causative microorganism. We hypothesized that dexamethasone has a larger effect on the
cytokine response in patients with pneumococcal pneumonia than in patients with pneumonia caused by an atypical bacterium.
A total of 304 hospitalized, nonimmunocompromised patients with CAP were randomized to an adjunctive 4-day course of 5 mg
dexamethasone once a day (n = 151) or a placebo (n = 153). Serum concentrations of interleukin-1 receptor antagonist (IL-1Ra),
IL-6, IL-8, IL-10, IL-17, tumor necrosis factor alpha (TNF-a), gamma interferon (IFN-vy), macrophage inflammatory protein-1
alpha (MIP-1a), and monocyte chemotactic protein-1 (MCP-1) were measured on days 0, 1, 2, and 4 and at a control visit. Over-
all, the concentrations of IL-6 (P < 0.01), IL-8 (P < 0.01), MCP-1 (P < 0.01), and TNF-a (P < 0.01) were significantly lower on
day 2 in the dexamethasone group than in the placebo group. In patients with pneumococcal pneumonia (n = 72), both treat-
ment groups showed a rapid decrease of cytokine concentrations; only the concentration of TNF-a (P = 0.05) was significantly
lower in the dexamethasone group on day 2. In patients with CAP caused by an atypical pathogen (Legionella pneumophila,
Chlamydophila species, Coxiella burnetii, or Mycoplasma pneumoniae; n = 58), IL-1Ra (P < 0.01), IL-6 (P < 0.01), and MCP-1
(P = 0.03) decreased more rapidly in the dexamethasone group than in the placebo group. In conclusion, dexamethasone down-
regulates the cytokine response during CAP. This effect seems to be dependent on the causative microorganism. This study pro-
vides insight into which patients with CAP might benefit most from adjunctive dexamethasone.

that corticosteroids can reduce the concentrations of interleu-
kin-1pB (IL-1pB), IL-6, and tumor necrosis factor alpha (TNF-a) (8,
11). Furthermore, whether the effect of dexamethasone on cyto-
kines in CAP is dependent on the causative microorganism has

During a pulmonary infection, invading pathogens shed mi-
crobial components into the local environment. As a result,
inflammatory cells become activated and will secrete a spectrum
of cytokines and chemokines (4). These cytokines and chemo-

kines serve to control and eliminate the infection by leukocyte
recruitment and inflammation. If not regulated tightly, the in-
flammatory response can become excessive and may progress into
sepsis and, ultimately, multiple organ dysfunction syndrome
(MODS). The nature and magnitude of the inflammatory re-
sponse are determined by host characteristics, the nature of the
causative microorganisms, and antibiotic treatment (10).

Glucocorticoids are potent physiological inhibitors of the in-
flammatory response. Currently, they are widely used as adjunc-
tive treatment in various infectious diseases, such as meningitis
and sepsis (1-3, 17). Recently, we have shown that adjunctive
corticosteroids can also be beneficial in the treatment of commu-
nity-acquired pneumonia (CAP): a 4-day course of dexametha-
sone reduced the length of the hospital stay by 1 day when added
to antibiotic treatment in nonimmunocompromised CAP pa-
tients (9). Adjunctive therapy with corticosteroids might, hypo-
thetically, downregulate excessive, potentially detrimental cyto-
kine responses and hereby accelerate clinical recovery.

Over the last decades, major advances have been made in the
understanding of the molecular mechanisms by which glucocor-
ticoids suppress inflammation. However, the influence of cortico-
steroids on the cytokine response in CAP is largely unknown. Up
to now, only 2 studies have addressed this issue, and they showed
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never been investigated.

In this study, we analyzed the effect of dexamethasone on the
cytokine response in patients with CAP. Next, we evaluated
whether the effect of dexamethasone on the cytokine kinetics de-
pends on the causative microorganism of CAP. We hypothesized
that dexamethasone has a larger effect on the cytokine response in
patients with a pneumococcal pneumonia than in patients with
pneumonia caused by an atypical bacterium, because pneumo-
cocci generally elicit a higher proinflammatory response in cases
of pneumonia (4).
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MATERIALS AND METHODS

Patients and study design. This was a preplanned subanalysis of pa-
tients with CAP who were prospectively enrolled in a study on the
effect of dexamethasone on the length of hospital stay. The details of
the study population and design have been described previously (9). In
short, from November 2007 until September 2010, adult patients with
confirmed pneumonia at the emergency department of the St. An-
tonius Hospital in Nieuwegein or at the Gelderse Vallei Hospital in
Ede, both teaching hospitals in the Netherlands, were included. Pa-
tients who were immunocompromised or on immunosuppressive
therapy (including oral corticosteroids) or who required immediate
admission to the intensive care unit (ICU) were excluded. All patients
were randomized to a 4-day course of either 5 mg (1 ml) of dexameth-
asone (5 mg dexamethasone disodium phosphate; Centrafarm BV,
Etten-Leur, the Netherlands) intravenously (i.v.) or 1 ml of sterile
water (water for injection; Centrafarm BV, Etten-Leur, the Nether-
lands) i.v. Randomization was based on a one-to-one allocation by
means of prenumbered boxes containing four ampoules for i.v. ad-
ministration. Patients, investigators, and those assessing the data were
masked to allocation. We calculated the pneumonia severity index
(PSI) score for all patients (5). The local ethics committee approved
the study, and informed consent was obtained from all participants
(ClinicalTrials.gov number NCT 00471640).

Analysis of the cytokine response. Serum was obtained on the day of
presentation (before the first administration of dexamethasone), and
subsequent samples were drawn at 8 a.m. on days 1, 2, and 4 and at a
control visit at least 30 days after admission (convalescent phase).
Serum samples were frozen at —80°C until analysis. Circulating con-
centrations of interleukin-1 receptor antagonist (IL-1Ra), IL-6, IL-8,
IL-10, IL-17, TNF-a, gamma interferon (IFN-v), macrophage inflam-
matory protein-1 alpha (MIP-la), and monocyte chemotactic pro-
tein-1 (MCP-1) were measured by Milliplex multianalyte profiling
(Millipore, Billerica, MA) according to the manufacturer’s instruc-
tions. Data acquisition and analysis were performed on a Luminex 100
instrument (Luminex, Austin, TX).

Pathogen identification. At least two sets of separate blood and
sputum samples (if available) were cultured from each patient. Urine
antigen tests were performed for the detection of Legionella pneumo-
phila serogroup 1 (Binax-Now; Binax, Portland, ME) and Streptococ-
cus pneumoniae (Binax-Now; Binax, Portland, ME). In-house-devel-
oped PCRs were performed on the sputum to detect L. pneumophila,
Mpycoplasma pneumoniae, Coxiella burnetii, and Chlamydophila psit-
taci. Paired serological testing was performed for the presence of anti-
bodies to M. pneumoniae, C. burnetii, C. pneumoniaelpsittaci, or respi-
ratory viruses (adenovirus, influenza A and B virus, parainfluenza
virus 1, 2, and 3, and the respiratory syncytial virus) (Serodia,
Bipharma; Fujirebio Inc., Tokyo, Japan). A 4-fold increase in antibody
titer was considered positive. Pharyngeal samples were taken for viral
cultures (for [para]influenza virus, adenovirus, and respiratory syncy-
tial virus).

Statistical analysis. All statistical analyses were performed using sta-
tistics software (SPSS version 18.0 for Windows; Chicago, IL). A two-
tailed P value of <0.05 was considered significant.

Differences in categorical variables were analyzed with the chi-
square test or Fisher’s exact test, and differences in continuous data
were analyzed with Student’s ¢ test. To investigate the influence of
dexamethasone on the cytokine dynamics, linear regression analysis
was performed. For the analyses, cytokine concentrations were trans-
formed into a natural log scale because of a nonnormal distribution.
We chose to analyze the decrease of the cytokines from day 0 to day 2,
because all patients randomized to dexamethasone were on dexameth-
asone for at least 24 h on day 2 and because cytokine concentrations
decreased most during the first days. To correct for the magnitude of
the cytokine response on day 0, we included the cytokine concentra-
tion on day 0 as an independent variable in the linear regression.
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TABLE 1 Baseline characteristics of 304 patients with community-
acquired pneumonia who were randomized to dexamethasone or a
placebo

Value for patients in each

group’
Dexamethasone Placebo

Characteristic® (n=151) (n = 153)
No. of males (% of total) 84 (56) 87 (57)
Age (yr) (SD) 64.5 (18.7) 62.8 (18.2)
Ethnicity (no. [%])°

Caucasian 149 (99) 150 (98)

Other 2 (1.3) 3(2.0)
Nursing home resident (no. [%]) 9 (6.0) 7 (4.6)
Current smoker (no. [%]) 38 (25) 38 (25)
Antibiotic treatment before admission 42 (28) 39 (25)

(no. [%])

Comorbidities (no. [%])

Neoplastic disease 9 (6.0) 10 (6.5)

Liver disease 2(1.3) 0(0.0)

Congestive heart failure 24 (16) 24 (16)

Renal disease 20 (13) 10 (7)

Diabetes mellitus 22 (15) 21(14)

COPD 20 (13) 14 (9)
PSI score (SD) 100.2 (33.4) 95.8 (32.5)
PSI risk class (no. of points) (no. [%])

I 18 (12) 22 (14)

I (<70) 30 (20) 34 (22)

111 (71-90) 24 (16) 33 (22)

IV (91-130) 54 (36) 43 (28)

V (>130) 25 (17) 21 (14)

IVand V 79 (52) 64 (42)

“ 8D, standard deviation; COPD, chronic obstructive lung disease; PSI, pneumonia
severity index.

b Data are presented as number (%) or mean (SD).

¢ Self-reported.

To evaluate whether the effect of dexamethasone on the cytokine ki-
netics is dependent on the causative microorganism of CAP, we selected 3
etiological subgroups: (i) patients with CAP caused by S. pneumoniae, (ii)
patients with CAP caused by an atypical pathogen, and (iii) patients with
CAP of unknown etiology. Atypical pathogens include L. pneumophila, M.
pneumoniae, Chlamydophila species, and C. burnetii. Cytokine concentra-
tions were compared between the three subgroups by linear regression
analysis in a manner similar to that described above.

To examine the possible influence of antibiotic treatment on the
cytokine response, a linear regression analysis, in which the variable
“appropriate antibiotic treatment” was added to the other variables
(“randomization” and the various cytokine concentrations on day 0)
was performed.

RESULTS

A total of 304 patients were enrolled in the study. The baseline
characteristics of the patients are shown in Table 1. In 175 (58%)
patients, an etiological diagnosis could be established. In 24% of
the patients, S. pneumoniae was detected; in 19%, an atypical bac-
terium (L. pneumophila, 3.9%; M. pneumoniae, 1.6%; C. burnetii,
8.9%; Chlamydophila species, 4.6%) was detected; in 6%, a Gram-
negative bacterium other than L. pneumophila was detected; in
6%, a viral pathogen was detected; in 2%, another Gram-positive
bacterium was detected. There were no significant differences in
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FIG 1 Median serum cytokine concentrations (with interquartile ranges) in patients with community-acquired pneumonia treated with either dexamethasone
or placebo, from hospital admission to day 30. The asterisks indicate significant differences in the cytokine concentrations on day 2 between the placebo and
dexamethasone groups (corrected for the magnitude of the cytokine response on day 0).

etiological diagnoses between the dexamethasone and placebo
groups.

Dexamethasone reduces the magnitude of the cytokine re-
sponse. During their hospital stay, 151 patients received a 4-day
course of dexamethasone and 153 patients received a placebo.
Administration of dexamethasone changed the dynamics of the
cytokine response (Fig. 1). Cytokine concentrations were similar
in the treatment groups on the day of hospital admission. The
concentrations of IL-6 (P < 0.01; 3, —1.319 [percent decrease of
the indicated cytokine concentration from day 0 to day 2 for the
patients treated with dexamethasone, —73%]), IL-8 (P < 0.01; B,
—0.423 [—35%]), MCP-1 (P < 0.01; B, —0.385 [—32%]), and
TNF-a (P <0.01; 3, —0.484 [ —38%] ) were significantly lower on
day 2 in the dexamethasone-treated patients than in the placebo-
treated patients. IL-10 showed a rapid decrease in both treatment
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groups. Low systemic concentrations of IL-17 were found on ad-
mission and remained present during the study period (Fig. 1).

Relation between the causative microorganism and the de-
crease in cytokine concentrations. To determine whether the in-
fluence of dexamethasone on the cytokine response is dependent
on the causative microorganism, we compared the three selected
etiological subgroups of patients: patients with a pneumococcal
pneumonia (n = 72), patients with CAP due to an atypical micro-
organism (n = 58), and patients with CAP of unknown etiology
(n=129).

In pneumococcal pneumonia, both treatment groups showed
a rapid decrease of cytokine concentrations. Only the concentra-
tion of TNF-a (P = 0.05; 3, —0.227) was significantly lower in the
dexamethasone group than in the placebo group on day 2 (Fig. 2).
In patients with CAP caused by an atypical pathogen, IL-1Ra (P <
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FIG 2 Influence of dexamethasone on median serum cytokine concentrations (with interquartile ranges) in patients with community-acquired pneumonia
caused by either Streptococcus pneumoniae or an atypical bacterium, from hospital admission to day 30. This figure represents those cytokines that showed
significantly different patterns in the two treatment groups, as indicated by an asterisk. Atypical bacteria include L. pneumophila, M. pneumoniae, Chlamydophila
species, and C. burnetii.
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FIG 3 Influence of dexamethasone on median serum cytokine concentrations (with interquartile ranges) in patients with community-acquired pneumonia
caused by either Streptococcus pneumoniae or an atypical bacterium, from hospital admission to day 30. This figure represents the cytokines that did not show
different patterns in the two treatment groups. Atypical bacteria include L. pneumophila, M. pneumoniae, Chlamydophila species, and C. burnetii. The concen-
trations of IL-17 and MIP-1a in most cases fell out of range, below 3.2 pg/ml, which precluded reporting of the courses of these cytokines for the separate

etiological groups.

0.01; B, —0.324 [—28%]), IL-6 (P < 0.01; B, —0.400 [—33%]),
and MCP-1 (P = 0.03; 3, —0.234 [—21%]) decreased more rap-
idly in the dexamethasone group (Fig. 2). In patients with CAP of
unknown etiology, this effect of dexamethasone was seen for IL-6
(P < 0.01; B, —0.485 [—38%]), IL-8 (P < 0.01; B, —0.251
(—22%), TNF-a (P < 0.015 3, —0.325[—28%] ), and MCP-1 (P <
0.01; B, —0.307 (—26%). The cytokines and chemokines that did
not show a significant influence of dexamethasone in CAP caused
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by either S. pneumoniae or an atypical pathogen are shown in
Fig. 3.

We next analyzed whether the differences in effects on cytokine
responses between the dexamethasone and placebo groups may be
biased by the appropriateness of the empirical antibiotic treat-
ment. This analysis was performed solely in patients with pneu-
monia caused by an atypical bacterium, because all patients with a
pneumococcal pneumonia received the appropriate antibiotics
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upon admission. Analysis of the antibiotic prescriptions in pa-
tients with an atypical pathogen revealed that in the placebo
group, 14 patients (44%) received the appropriate antibiotics on
admission while 18 patients (56%) were initially treated with an
antibiotic that did not cover the causative microorganism. In the
dexamethasone group, these figures were 13 patients (50%) for
both groups (P = 0.64). Linear regression revealed that only IL-6
concentrations were independently influenced by both random-
ization (P < 0.01; B, —0.330) and antibiotic treatment (P < 0.01;
B, —0.354). Thus, appropriateness of empirical antibiotic therapy
had some impact on cytokine concentrations but could not fully
explain the differences between the dexamethasone and placebo
groups. This confirmed that dexamethasone is capable of causing
a considerable reduction of the cytokine concentrations.

DISCUSSION

In this study, we showed that, in general, adjunctive dexametha-
sone therapy reduces the concentrations of IL-6, IL-8, TNF-a, and
MCP-1 in patients with CAP. Interestingly, a clear difference in
dexamethasone effects was found between different microbial eti-
ologies of CAP. Dexamethasone appeared to have little additional
influence on the cytokine concentrations in patients with a pneu-
mococcal pneumonia, while in patients with CAP caused by an
atypical pathogen, dexamethasone gave a significantly faster de-
crease of cytokine concentrations than the placebo.

The overall dampening effect of dexamethasone on cytokine
and chemokine concentrations is in concordance with the find-
ings in other studies (6-8, 11-13). The majority of the former
studies on corticosteroids in relation to cytokine responses have
been performed in patients with septic shock (6, 7, 12, 13). To the
best of our knowledge, only two studies have investigated this
subject in patients with pneumonia (8, 11). However, the gener-
alizability of their results is limited, since in one study, all patients
were mechanically ventilated, and in the study of Marik et al., only
patients with severe pneumonia who were admitted to the ICU
were evaluated. We are the first to report the influence of dexa-
methasone on a broader range of cytokines and in patients with
CAP of all severities.

Prior CAP studies have not addressed the effect of dexameth-
asone on the cytokine kinetics in relation to the causative micro-
organism. In contrast with our hypothesis, we found little addi-
tional influence of dexamethasone in patients with pneumococcal
pneumonia. The cytokine concentrations decreased rapidly dur-
ing the first days of hospital admission in both the dexamethasone
and placebo groups. This lack of an effect can possibly be ex-
plained by the high sensitivity to 3-lactam antibiotics of S. prneu-
moniae strains in the Netherlands, which might have had an over-
riding effect over any dexamethasone effect (15).

Interestingly, in the patients with CAP caused by an atypical
bacterium, proinflammatory cytokines decreased more rapidly in
the dexamethasone-treated patients. An additional analysis con-
firmed that the more prominent cytokine decrease in dexameth-
asone-treated patients was a true dexamethasone effect. Next to
this dexamethasone effect, appropriateness of antibiotic treat-
ment also played an independent role in the dynamics of IL-6.

A possible explanation for the variation in dexamethasone ef-
fects between various types of microorganisms is the difference in
the cellular inflammatory responses required for elimination of
the pathogen. Atypical pathogens (most of them intracellular) re-
quire a mononuclear cell inflammatory response, compared to a
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more neutrophil-mediated response in typical (extracellular)
bacterial microorganisms. This mononuclear cell inflammatory
response stimulates a cytokine- and cell-mediated immune re-
sponse. Corticosteroids particularly downregulate the cell-medi-
ated immune response, and this might explain the more rapid
decrease of cytokines in dexamethasone-treated patients with
CAP caused by an atypical microorganism. In M. pneumoniae
pneumonia, corticosteroid therapy in addition to antibiotics has
already been advocated (14, 16).

This study has some limitations. First, in the etiological sub-
group analysis, due to a lack of power, we were able to analyze only
patients with pneumococcal pneumoniae and a combined group
of atypical microorganisms rather than analyzing these pathogens
separately. It is possible that there are even differences in cytokine
response patterns among the atypical microorganisms, but larger
studies are needed to allow statistical analysis of all pathogens
separately. Second, only systemic cytokine measurements were
performed in this study. The systemic cytokine response during
CAP might differ from the local cytokine response in the lung.
However, due to medical ethical restrictions, it was impossible to
obtain bronchoalveolar lavage fluids of these patients during or
after the active phase of the disease.

In conclusion, this study shows that cytokines are downregu-
lated by adjunctive dexamethasone treatment. Our results suggest
that the effect of dexamethasone on the cytokine response in CAP
is dependent on the causative microorganism. This study provides
insight into which patients with CAP might benefit most from
adjunctive dexamethasone.

Larger studies are needed to further explore the exact role of
the causative pathogen in the response to corticosteroids.
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