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Local and systemic cytokine profiles in
nonsevere and severe community-acquired
pneumonia

Marthe S. Paats*, Ingrid M. Bergen*, Wessel E.J.J. Hanselaar”,
E. Christine Groeninx van Zoelen', Henk C. Hoogsteden*, Rudi W. Hendriks*
and Menno M. van der Eerden*

ABSTRACT: Local inflammatory responses in community-acquired pneumonia (CAP) remain
insufficiently elucidated, especially in patients with nonsevere CAP. In this study we determined
local and systemic cytokine responses in CAP patients and correlated these with disease severity
and other clinical parameters.

Levels of interleukin (IL)-6, IL-8, IL-10, IL-1p, tumour necrosis factor-a, interferon (IFN)-y, IL-22,
IL-17A and IL-4 were determined in bronchoalveolar lavage fluid and serum of 20 CAP patients
upon admission and 10 healthy individuals. Systemic cytokine levels were also measured on days
7 and 30.

In bronchoalveolar lavage fluid of CAP patients, levels of IL-6, IL-8 and IFN-y were significantly
increased compared with healthy individuals, but no correlations with disease severity were
found. Systemic levels of IL-6, IL-10 and IFN-y were significantly higher in severe CAP patients
than in nonsevere CAP patients and healthy individuals. Moreover, these cytokines showed a
significant correlation with the pneumonia severity index. In the total group of CAP patients,

systemic IL-8 and IL-22 levels were also increased compared with healthy individuals.
We therefore conclude that IL-6, IL-10 and IFN-y are important cytokines in CAP, although
differences in disease severity upon admission are only reflected by systemic levels of these

cytokines.
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ommunity-acquired pneumonia (CAP)
‘ continues to be a common and serious

illness. Major gaps remain in the under-
standing of its pathogenesis. It is not clear why
some individuals can easily control bacterial
challenges and remain healthy, whereas others
develop pneumonia. Several risk factors to
calculate the probability of morbidity and mor-
tality among CAP patients are known and
described in prediction rules such as the pneu-
monia severity index (PSI) [1].

The clinical course of CAP is determined by
inflammatory responses evoked by the causative
pathogen. Studies in mice have shown that
survival is associated with a strong inflammatory
response early in the course of infection and
rapid bacterial clearance [2]. In both mice and
humans, regulation of this inflammatory res-
ponse in pneumonia is dependent on complex

interactions between immune cells and pro- and
anti-inflammatory cytokines [2—4].

Several cytokines have been studied in relation to
severity, aetiology and outcome of CAP [4-15].
Although the number of cytokines identified in
the immunopathogenesis of CAP has increased
considerably over the years, studies remain
focused on well-known cytokines of the innate
immune response, including interleukin (IL)-6,
IL-10, IL-8, IL-1p and tumour necrosis factor
(TNF)-a.. IL-17A and IL-22, which belong to the
novel T-helper (Th) 17 subset, have also been
implicated in CAP [2, 3]. Furthermore, interferon
(IFN)-v is an important cytokine in both innate
and adaptive immunity to respiratory pathogens
[16], and IL-4 might be important in the immune
response against Mycoplasma pneumonia [17].
Further characterisation of local and systemic
cytokine responses in CAP patients may increase
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our understanding of the host defence, with the goal of
providing prognostic tools for clinicians or identifying poten-
tial therapeutic targets.

To date, most studies have focused on systemic inflammatory
responses by measuring cytokines in peripheral blood of CAP
patients. Those few reports in which local pulmonary
cytokines were investigated generally included severe CAP
patients on intensive care unit wards [12, 14, 18] or patients
with treatment failure [4]. Meanwhile, information on local
cytokine responses in nonsevere CAP patients is very limited.
We hypothesised that the inflammatory response in CAP is
compartmentalised and that disease severity correlates better
with the local inflammatory response than with the systemic
response. In this study we therefore determined both local and
systemic cytokine responses in patients with nonsevere and
severe CAP, and correlated these with severity scores and
other clinical parameters.

MATERIAL AND METHODS
An extended description of the methods used is provided in
the online supplementary material.

Study design

A prospective study was performed in 20 CAP patients
between January 2009 and May 2011. Patients admitted
through the emergency wards of the Erasmus Medical
Centre and Sint Franciscus Gasthuis (both Rotterdam, the
Netherlands), which are both teaching hospitals, were enrolled
in the study. The medical ethics committee of both hospitals
approved the study. Written informed consent was obtained
from the patient or closest relatives in each case.

Inclusion and exclusion criteria are described in the online
supplementary material. 10 healthy volunteers matched for
age, sex and smoking status and without history of cardiac or
pulmonary disease, malignancy or autoimmune disease served
as the control group.

The selection of antibiotic treatment was based on national
guidelines [19]. PSI and CRB-65 (confusion, respiratory rate
>30 breaths'min™, blood pressure <90 mmHg (systolic)
<60 mmHg (diastolic), age >65 years) scores were determined
upon admission and patients were classified as nonsevere CAP
(PSI classes 1-3) or severe CAP (PSI classes 4 or 5).

Obtaining and processing of bronchoalveolar lavage and
blood samples

After written informed consent and within 24 h after admis-
sion, bronchoalveolar lavage (BAL) fluids were collected with
a flexible fibreoptic bronchoscope (Olympus, Center Valley,
PA, USA) according to recommended guidelines [20]. Venous
blood samples were collected directly prior to the BAL
procedure. At days 7 and 30 after admission, additional
venous blood samples were collected. Methods of processing
are described in the online supplementary material.

Cytokine measurements

Levels of IL-6, IL-8, IL-10, IL-1B, TNF-a, IFN-y, 1L-22, IL-17A
and IL-4 were determined by ELISA, using commercially
available assays. Details and detection limits are provided in
the online supplementary material.
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Statistical analysis

Data are shown as mean +sD in cases of normally distributed
data or median values with percentiles if not normally
distributed. Cytokine levels were not normally distributed
and therefore nonparametric tests were used to compare
groups (Kruskal-Wallis test for across-group comparison of
three or more groups, Mann-Whitney U-test for pair-wise
analyses). Normally distributed data were analysed by unpaired
t-tests. Correlations were calculated using Spearman’s rank
correlation coefficient. Data analysis was performed using SPSS
15.0 (SPSS Inc., Chigaco, IL, USA) and Prism 5.01 (GraphPad, La
Jolla, CA, USA). Statistical significance was taken as p<0.05.

RESULTS

Clinical characteristics of study population

20 CAP patients and 10 healthy individuals matched for age,
sex and smoking status were included in this study. Clinical
characteristics at baseline of the study population are shown in
table 1.

13 (65%) patients had significant comorbidity (chronic
obstructive pulmonary disease (COPD), heart disease, neuro-
logical disorder, chronic renal disease and diabetes mellitus).
Based on the PSI scores upon admission, 10 patients were
allocated to the nonsevere CAP patient group, and 10 to the
severe CAP patient group. In total, five (25%) patients were on
statin therapy and five (25%) patients reported taking inhal-
ation corticosteroids (ICS). Time from onset of symptoms to
hospital admission ranged from 2 to 144 h, with a median of
48 h. Eight (40%) patients were included in the study within a
time frame of 48 h and the other 12 (60%) at >48 h from onset
of symptoms. Severe CAP patients had a shorter period of time
between onset of symptoms and hospital admission compared
with the nonsevere CAP patients (median 30 and 48 h,
respectively, p=0.01). Five (25%) patients reported taking
antibiotics prior to hospital admission. Mean C-reactive
protein (CRP) level of the patients upon admission was
227+170 mg-L™". No differences in CRP levels were found
between the nonsevere and severe CAP patients. Furthermore,
no significant correlation between CRP concentration and PSI
was found. The two (5%) patients who died were both severe
CAP patients.

A micro-organism was identified on 14 (70%) patients (table 1).
There was no difference in incidence of pathogens found
between nonsevere and severe CAP patients. The most
common pathogen was Streptococcus pneumoniae, present in
seven (35%) patients. A viral pathogen was found in two (10%)
patients.

Cytokine levels in BAL fluid

Levels of IL-6, IL-8, IL-1p and IFN-y were detectable in the BAL
fluid of all CAP patients. BAL fluid levels of IL-10 and IL-22
were only detectable in some of the CAP patients (five and six
severe CAP patients, respectively). TNF-o. was only detectable
in one nonsevere and three severe CAP patients. In healthy
individuals, IL-10, TNF-o« and IL-22 were all below the
detection levels. IL-17A and IL-4 were not detectable in the
BAL fluid of patients or healthy individuals.
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When comparing the total group of CAP patients with healthy
individuals, we found that IL-6, IL-8 and IFN-y levels in BAL
fluid of CAP patients were significantly higher (fig. 1). A
separate analysis of the nonsevere and severe CAP patient
groups showed that in both groups IL-6 was significantly
increased, compared with healthy individuals (fig. 1). Levels of
IFN-y were also significantly increased in severe CAP patients
compared with healthy individuals, but not compared with
nonsevere CAP patients (fig. 1). For IL-8, IL-10 and IL-22,
trends were observed towards increased levels in severe
patients versus nonsevere patients and healthy individuals,
but significance was not reached (fig. 1).

None of the cytokines detectable in BAL fluid of patients upon
admission correlated with PSI or CRB-65 scores, with the
exception of IL-10, for which a weak correlation was found
with CRB-65 (p=0.036, p=0.47; data not shown). Furthermore,
cytokine levels in BAL fluid of CAP patients upon admission
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showed no significant correlations with the causative pathogen
found or with time from onset of symptoms to hospital
admission. When we compared patients with a pneumococcal
aetiology (n=7) with patients with bacterial nonpneumococcal
aetiology (n=5), we did not find significant differences in BAL
fluid cytokines. Finally, no correlations with cytokine levels in
BAL fluid were observed with other clinical parameters,
including COPD comorbidity, mechanical ventilation, mortal-
ity, presence of bacteraemia, prior use of antibiotics, use of
statin therapy, smoking habits or CRP levels upon admission.
IFN-y levels in BAL fluid of CAP patients were, however,
significantly lower in ICS users compared with nonusers
(p=0.02).

Systemic cytokine levels

When comparing the total group of CAP patients upon
admission with healthy individuals, we found that the
concentrations of IL-6, IL-8, IL-10 and IL-22 in serum were

General characteristics of the study population
Total CAP Nonsevere CAP PSI 1-3 Severe CAP PSI 4-5 Healthy controls

Subjects n 20 10 10 10
Age years 60.6+19 54.5+18.4 66.6+15.8 54.8+5.7
Sex

Male 13 (65) 6 (60) 7 (70) 6 (60)

Female 7 (35) (40) 3 (30) 4 (40)
Smoking 8 (40) 4 (40) 4 (40) 4 (40)
Comorbidity* N/A

COPD 5 (25) 4 (40) 1(10)

Heart disease 6 (30) 1(10) 5 (50)

Neurological disorder 4 (20) 1(10) 3 (30)

Chronic renal disease 1(5) 1(10)

Diabetes mellitus 2 (10) 1 (10) 1(10)
PSI class N/A

| 3 (15) 3 (30)

Il 5 (25) 5 (50)

1T 2 (10) 2 (20)

vV 6 (30) 6 (60)

V 4 (20) 4 (40)
Mechanical ventilation 4 (20) 4 (40) N/A
Mortality 2 (10) 2 (20) N/A
Bacteraemia 5 (25) 1(10) 4 (40) N/A
Prior antibiotic use 5 (25) 3 (30) 2 (20) N/A
ICS 5 (25) 4 (40) 1 (10) N/A
Microbiological species 14 (70) 7 (70) 7 (70) N/A

Streptococcus pneumoniae 7 (35) 3 (30) 4 (40)

Stenotrophomonas maltophilia 1(5) 1(10)

Pseudomonas aeruginosa 1(5) 1(10)

Streptococcus pyogenes 1(5) 1(10)

Staphylococcus aureus 1(5) 1(10)

Haemophilus influenzae 1(5) 1 (10)

HIN1 1 (5) 1(10)

Adenovirus 1(5) 1(10)

Unknown 6 (30) 3 (30) 3 (30)

Data are presented as mean+sb or n (%), unless otherwise stated. CAP: community-acquired pneumonia; PSI: pneumonia severity index; COPD: chronic obstructive
pulmonary disease; ICS: inhaled corticosteroids; N/A: not applicable. *: Some patients had more than one comorbidity.
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significantly increased in patients (fig. 2). TNF-o, IL-17A and
IL-4 could not be detected in the serum of patients or healthy
individuals. For IL-1p, seven (35%) CAP patients had low but
detectable serum levels (median 0 pg~mL'1, 10th and 90th
percentiles 0-4.3 pg'-mL™"; data not shown). Serum levels of
IL-6, IL-10 and IFN-y upon admission were significantly higher
in severe CAP patients than in nonsevere patients and healthy
individuals (fig. 2). In addition, IL-6 in nonsevere CAP patients
was significantly increased, compared with healthy indi-
viduals. IL-8 and IL-22 levels were similar in nonsevere and
severe CAP patients, but IL-22 levels of both patient groups
were significantly higher than in healthy individuals (fig. 2).

We also investigated changes in serum cytokine levels over time.
7 days after admission, IL-6 and IL-10 had already normalised to
levels similar to those of healthy individuals. Whereas IL-22
reached normal levels after 30 days, IL-8 remained elevated at
day 30 after admission compared with healthy individuals (fig. 3).

PULMONARY INFECTIONS

When correlating serum cytokine levels with clinical par-
ameters, we found several correlations. First, in contrast to our
analyses in BAL, serum concentrations of IL-6, IL-10 and IFN-y
upon admission showed strong positive correlations with PSI
(fig. 4). Similar positive correlations with CRB-65 scores were
found for serum concentrations of IL-6 (p<<0.001, p=0.76) and
IL-10 (p<<0.001, p=0.80), but not for serum IFN-y (data not
shown). Furthermore, patients with bacteraemia had signifi-
cantly higher serum levels of IL-6 and IL-10, compared with
nonbacteraemic patients (p=0.005 and p=0.007, respectively;
data not shown). Those four patients who required mechanical
ventilation had higher serum IL-10 levels upon admission than
patients who did not (p=0.02), but other cytokines measured
in serum were not significantly higher in these four patients.
The two (5%) patients who died within 30 days of hospital
admission also had higher serum IL-10 levels upon admission,
compared with surviving patients (p=0.03). Although we
could identify a causative pathogen in 70% of patients, we did
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FIGURE 1. Bronchoalveolar lavage fluid cytokine levels upon admission in community-acquired pneumonia (CAP) patients and in healthy controls (HC). CAP patients
were classified as nonsevere CAP (NSCAP: pneumonia severity index (PSI) classes 1-3) or as severe CAP (SCAP: PSI classes 4 or 5). a) Interleukin (IL)-6, b) IL-8, c¢) IL-10, d)
interferon (IFN)-y and e) IL-22. Data are shown as box and whisker plots with median and 10th and 90th percentiles. Differences between groups were first tested with
Kruskal-Wallis tests and, when significant, tested pairwise using the Mann-Whitney U-test. ND: not detectable. *: p<<0.05; **: p<<0.01; ***: p<0.001.
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FIGURE 2. Serum cytokine levels upon admission in community-acquired pneumonia (CAP) patients and in healthy controls (HC). CAP patients were classified as
nonsevere CAP (NSCAP: pneumonia severity index (PSI) classes 1-3) or as severe CAP (SCAP: PSI classes 4 or 5). a) Interleukin (IL)-6, b) IL-8, c) IL-10, d) interferon (IFN)-y
and e) IL-22. Data are shown as box and whisker plots with median and 10th and 90th percentiles. Differences between groups were first tested using Kruskal-Wallis tests
and, when significant, tested pairwise using the Mann-Whitney U-test. *: p<<0.05; **: p<<0.01; ***: p<0.001.

not find correlations between serum cytokine levels and
pathogens. In addition, COPD comorbidity, the reported usage
of antibiotics prior to hospital admission or the time of onset
between symptoms and admission to the hospital had no
detectable effect on serum cytokine levels. Statin therapy,
which may induce systemic inhibition of proinflammatory
cytokines [21], and ICS usage did not have any detectable effect
on serum cytokine levels in our cohort. Finally, no correlations
between serum levels of any of the cytokines tested, including
IL-6 and CRP levels upon admission, were found.

Correlations between BAL fluid and serum cytokines

In CAP patients, IL-6, IL-8 and IL-1 levels in BAL fluid were
significantly higher than those in serum (p=0.0019, p <0.0001
and p=0.0007, respectively). In contrast, IL-10 levels were
higher in the serum than in BAL fluid (p=0.03), although
levels were low in both compartments.

In CAP patients, a positive correlation was found between IL-6

levels in serum and BAL fluid (p=0.58, p=0.003; data not

1382 VOLUME 41 NUMBER 6

shown). None of the other cytokines tested showed a
correlation between serum and BAL fluid.

DISCUSSION

The host inflammatory response in CAP is largely compart-
mentalised to the affected lung [6, 7]. Nevertheless, local
pulmonary cytokine responses remain insufficiently eluci-
dated, especially in patients with nonsevere CAP. To our
knowledge, this is the first study investigating local pulmonary
and systemic cytokine profiles in both nonsevere and severe
CAP patients directly upon admission to hospital. Our most
important finding is that although inflammatory cytokine
responses in CAP are higher in the lungs than in peripheral
blood, disease severity only correlated with systemic IL-6,
IL-10 and INF-y levels and not with any of the local cytokines
tested. This study showed that in BAL fluid, levels of IL-6, IL-8
and IFN-y were significantly elevated in CAP patients
compared with healthy individuals. In serum, IL-6, IL-8,
IL-10 and IL-22 levels, but not IFN-y, were significantly
increased compared with healthy individuals. However, of

EUROPEAN RESPIRATORY JOURNAL
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these cytokines, only IL-6, IL-10 and IFN-y in serum could
differentiate between nonsevere and severe CAP. Furthermore,
levels of IL-6 in serum and BAL fluid were correlated. Finally,
important inflammatory cytokines like TNF-o. and IL-17A were
undetectable in BAL fluid or serum of CAP patients.

IL-6, IL-8 and IL-10 are three of the most studied cytokines in
CAP. In line with previous studies, we found significantly
increased IL-6 and IL-8 levels in BAL fluid in CAP patients
[4,6,7,14,18]. IL-10 was not detectable in BAL fluid of healthy
individuals or nonsevere CAP patients and was detectable in
five out of 10 severe CAP patients. Two groups have
previously reported low but detectable IL-10 levels in BAL
fluid of CAP patients [4, 12]. Our inability to detect IL-10 in
some of our patients could be due to differences in detection
limits, study design or study population. LEE et al. [12] studied
only severe CAP patients on mechanical ventilation and in
MORET et al. [4] there is a delay in sampling compared to our
study, because BAL samples were analysed in patients with
treatment failure at 72 h after the start of antibiotic treatment.

PULMONARY INFECTIONS

Whereas serum levels of IL-6 and IL-8, IL-10 and IL-22 were
significantly higher in patients compared with healthy
individuals, serum IFN-y levels were only significantly higher
in severe CAP patients. In contrast to BAL fluid cytokine
levels, serum levels of IL-6 and IL-10 and IFN-y proved to be
good tools to discriminate between nonsevere and severe CAP.
Hereby, IL-6 and IL-10 acted as acute phase responders, since
at day 7 levels decreased to values similar to those found in
healthy individuals, consistent with previous reports [5, 8, 10].

The observed strong local and systemic induction of IL-6
emphasises the importance of this cytokine in the inflamma-
tory response in pneumonia. Furthermore, the correlation
between IL-6 in BAL fluid and serum suggests that IL-6
produced in the lung contributes at least in part to serum levels
of this cytokine [7, 11]. Systemic IL-6 might therefore be a
valuable biomarker to define severity of disease and act as a
prognostic indicator in CAP patients [22-24]. Interestingly, in
contrast to systemic IL-6, IL-10 and IFN-y concentrations, CRP
levels could not differentiate between nonsevere and severe
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FIGURE 3. Serum cytokine levels upon admission (Adm), and at day 7 and day 30 in community-acquired pneumonia (CAP) patients and in healthy controls (HC). a)
Interleukin (IL)-6, b) IL-8, ¢) IL-10, d) interferon (IFN)-y and e) IL-22. Data are shown as box and whisker plots with median and 10th and 90th percentiles. Differences in serum
levels in CAP patients over time were tested as paired data using the Wilcoxon signed rank test. Differences between different time points in CAP patients and healthy
individuals were first tested with Kruskal-Wallis tests and, when significant, tested pairwise using the Mann-Whitney U-test. *: p<<0.05; **: p<0.01.
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FIGURE 4. Correlations of serum cytokine levels with pneumonia severity index (PSI) upon admission. a) Interleukin (IL)-6, b) IL-10 and c) interferon (IFN)-y.

CAP patients. Adding systemic IL-6 and/or IL-6 to IL-10 ratio
measurements [25] to existing prognostic scales such as the PSI
or CRB-65 might therefore improve mortality prediction in
CAP patients.

To our knowledge, no previous studies of CAP patients have
included IFN-y measurements in BAL fluid. We found that: 1)
IFN-v levels in BAL fluid were significantly elevated in severe
CAP patients compared with healthy individuals; 2) systemic
levels were significantly increased in severe CAP patients
compared with nonsevere CAP patients or healthy individuals;
and 3) systemic levels correlated with PSI. In contrast to IL-6
and IL-10, concentrations of IFN-y in serum did not show a
significant correlation with CRB-65 disease severity scores.
This may be related to the finding that our total group of CAP
patients exhibited significantly increased concentrations of IL-6
and IL-10 but not IFN-y in serum. Although many cells have
the capacity to produce IFN-v, it is the hallmark cytokine of
Thl cells. In vitro experiments with S. pneumonige demon-
strated the importance of Thl cytokine production in early
phases of disease [26]. The Th2 cytokine IL-4 and the Thl7
cytokine IL-17A were not detectable in BAL fluid or in serum
of CAP patients in early or late phases of disease. IL-22 is an
IL-10 family cytokine member and can be produced by Th17
cells [27]. Importantly, in an experimental model of Gram-
negative pneumonia, it has been shown that IL-22 can augment
epithelial antimicrobial activity, thereby providing a crucial
role in mucosal host defence in mice [2]. In BAL fluid, 60% of
severe CAP patients had detectable but not significantly
elevated levels of IL-22. Our finding that levels of IL-22 were
significantly elevated in serum of patients, both with non-
severe and severe CAP supports the importance of this
cytokine in the host response in human pneumonia.

Several factors can potentially influence inflammatory responses
in patients with CAP. Previous studies showed that high doses of
ICS may affect the immune system [28]. In our study population,
we found lower concentrations of IFN-vy in the BAL fluid of ICS
users, compared with nonusers. Because most ICS users were
nonsevere CAP patients (table 1), it is possible that the lower
levels of IFN-y in BAL fluid of nonsevere CAP patients is in fact
due to ICS use. Similarly to other studies [4, 13], we found a large

1384 VOLUME 41 NUMBER 6

scatter in cytokine concentrations in both BAL fluid and serum.
One explanation could be that the type and magnitude of
cytokine secretion varies between different causative pathogens
[29, 30], although in our cohort we did not detect a relationship
between bacterial species and cytokine levels.

The present study has several limitations that should be
considered. First, the number of patients included was small,
although comparable to other studies of local inflammatory
responses in CAP [6, 14]. Nevertheless, we were able to classify
the study cohort into both nonsevere and severe CAP patients
and to determine both local and systemic cytokine concentra-
tions in all patients. Another limitation relates to uncontrolled
factors present before patients entered our study. Patients were
admitted to the hospital at different disease stages and some of
them had already started antibiotic treatment. Although we
did not find a relationship between time of onset of symptoms
or prior antibiotic use and cytokine levels, we cannot completely
exclude the possibility of modulation of the inflammatory
response and cytokine expression by these factors. Because
COPD is associated with substantial chronic inflammation, it
is an important potential confounder in CAP. Comparison of
the five COPD patients with the 15 non-COPD CAP patients
in our study did not reveal significant differences in local or
systemic cytokine levels. However, the low number of CAP
patients without comorbidity, ICS or antibiotic treatment
(only four out of 20), precluded statistical analysis of
confounding factors.

In conclusion, our study provides a comprehensive analysis of
cytokine profiles in CAP. We show that systemic levels of IL6,
IL-10 and IFN-y can discriminate between nonsevere and
severe CAP patients. Levels of IL-6, IL-8 and IFN-y in BAL
fluid were significantly higher in patients than in healthy
individuals, but did not correlate with disease severity. We
also found a correlation between IL-6 levels in BAL fluid and
serum of patients. These results show the importance of the
systemic inflammatory response in CAP and further empha-
sise the importance of IL-6, but also of IFN-y, in the local and
systemic inflammatory response in patients with CAP. Future
studies should show whether measurements of these cytokines
are valuable to improve prognosis predictions.
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