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ABSTRACT
Background Recent findings in mouse models suggest
that T helper (Th)17 cells, characterised by production of
interleukin (IL)-17A and IL-22, are involved in the
immunopathogenesis of pneumonia.
Objective In this study, we aimed to identify the
involvement of Th17 cells in human community-acquired
pneumonia (CAP).
Design Within 24 h of admission, T cells from
peripheral blood (n=39) and bronchoalveolar lavage
(BAL, n=20) of CAP patients and of 10 healthy
individuals were analysed by intracellular flow cytometry
for the production of various cytokines, including IL-17A
and IL-22. Peripheral blood T cells were also analysed 7
and 30 days after admission. Th17 cytokine profiles were
correlated with pneumonia severity index and microbial
aetiology.
Results In the BAL of CAP patients, proportions of IL-
17A and IL-22 single positive, as well as IL-17A/IL-22
double positive CD4 T cells were significantly increased
compared with healthy individuals. Significantly
increased proportions of IL-17A/IL-22 double positive
CD4 T cells in BAL were found in non-severe and severe
CAP patients, as well as in pneumococcal and non-
pneumococcal CAP. In the peripheral blood of CAP
patients upon admission, we found significantly
increased proportions of IL-17A/IL-22 double positive
CD4 T cells. One week after admission, the proportions
of these double positive cells were still significantly
increased in CAP patients compared with healthy
individuals.
Conclusions These data indicate that Th17 cells are
engaged in the local and systemic immune response in
human pneumonia. Especially, IL-17A/IL-22 double
positive Th17 cells may be involved in the
immunopathogenesis of CAP.

INTRODUCTION
Community-acquired pneumonia (CAP) is a
common and serious illness despite the use of
pathogen-directed or empirical broad-spectrum
antimicrobial therapy.1 Major gaps remain in the
understanding of its pathogenesis; it is not clear
why some individuals can easily control bacterial
challenges and remain healthy, whereas others
develop pneumonia.

The immunopathology of CAP is characterised
by a strong local and systemic acute-phase response.
Several components of the innate immune system,
such as neutrophils and macrophages, have been
identified as key mediators of bacterial clearance in
the lungs.2 3 The role of T cells in the pathogenesis
of pneumonia is, however, less evident. HIV
patients with depleted CD4 T cells are at increased
risk for developing lung infections, suggesting that
these cells are involved in the immune defence
against pneumonia.4

Recently, it has been demonstrated that the novel
T helper (Th)17 subset expressing the signature
cytokines interleukin (IL)-17A and IL-22, has a
protective role in host defence against different
respiratory pathogens in the mouse.5 IL-17A is
thought to promote chemokine and proinflamma-
tory cytokine production, and consequent recruit-
ment and activation of neutrophils.6 IL-22 controls
tissue responses during inflammation, for instance,
by increasing lung epithelial proliferation and trans-
epithelial resistance to injury.7 8 Several groups
showed that IL-17 mediates pneumococcal immun-
ity in mice,9–11 and that acquired immunity to
pneumococcal colonisation is associated with the
Th17 subset.9 11 Moreover, IL-17A increased
pneumococcal killing by human neutrophils both
in the absence and in the presence of antibodies
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and complement.9 In mouse models of Klebsiella pneumoniae
infection, both IL-17A and IL-22 production were required for
optimal bacterial clearance.7 12 13 Th17 responses are also
involved in murine host defence against other bacterial patho-
gens including Mycoplasma pneumoniae,14 Bordetella pertus-
sis15 and Pseudomonas aeruginosa,16 as well as respiratory
viruses.17 18 Human studies on Th17 cells in pneumonia are
currently lacking, except for the demonstration of a role for
Th17 cells in clearing pulmonary infections in the hyper
IgE-syndrome. In this disease, caused by mutations in STAT3,
Th17, cells are lost and patients manifest chronic, recurrent and
severe bacterial and fungal infections.19

In conclusion, whereas there is accumulating evidence for the
involvement of Th17 cells in bacterial and viral respiratory
infection in mice, in humans, Th17 cells are largely unexplored.
In this study, we therefore aimed to investigate the presence of
Th17 cells both locally and systemically in patients with CAP
and to correlate these findings with disease severity and causa-
tive pathogen.

METHODS
Subjects
A prospective study was performed between January 2009 and
May 2011. Thirty-nine CAP patients admitted through the
emergency ward of the Erasmus MC and the Sint Franciscus
Gasthuis, both teaching hospitals, were enrolled in the study.
The medical ethics committees of both hospitals approved of
the study (MEC 2008-323 Erasmus MC Rotterdam and Sint
Franciscus Gasthuis Rotterdam, The Netherlands). Written
informed consent was obtained from patients or closest
relatives.

Patients who fulfilled the following criteria were included: (1)
age ≥18 years; (2) clinical presentation of an acute illness with
one or more of the following symptoms suggesting CAP: pres-
ence of fever (t≥38°C), dyspnoea, coughing (with or without
expectoration of sputum), chest pain and (3) presence of new
consolidation(s) on the chest radiograph. Patients were excluded
if one of the following criteria applied: nursing home residency
or hospital admission in the previous 15 days, presence of
immunosuppression (eg, HIV infection, systemic immunosup-
pressive agents including oral corticosteroids and chemother-
apy), presence of a systemic autoimmune disease, pulmonary
tuberculosis, bronchiectasis, malignancy or obstruction pneumo-
nia. Ten healthy volunteers matched for age, sex and smoking
status, and without a history of cardiac or pulmonary disease,
malignancy or autoimmune disease served as controls.

Cell collection and isolation
After written informed consent, and within 24 h after hospital
admission, venous blood samples were collected (n=39). In a
subset of patients (n=20) and in all healthy individuals (n=10),
a bronchoalveolar lavage (BAL) was performed with a flexible
fibreoptic bronchoscope (Olympus) according to recommended
guidelines.20 The bronchoscope was wedged into a subsegmen-
tal bronchus corresponding to the area of the most dense con-
solidation on the chest radiograph. In patients with diffuse
pulmonary infiltrates and healthy individuals, the middle lobe
or lingular division was chosen. The first sample of BAL, which
was obtained after instilling and aspirating 20 ml of sterile saline
was used for microbiological analysis. Next, three aliquots of
20 ml sterile saline each was instilled and gently aspirated for
research purposes. The mean recovered volume was 14.1±
9.6 ml. Venous blood samples were collected directly prior to

the BAL procedure. At days 7 and 30 after admission, additional
venous blood samples were collected.

BAL and peripheral blood mononuclear cells were isolated
and stored as described previously.21

Flow cytometry analysis
For cytokine analysis, cells were stimulated with ionomycine
(Sigma) and phorbol 12-myristate 13-acetate (PMA) (Sigma) in
the presence of Brefeldin A (ebiosciences) and incubated for 4 h
at 37°C. Cells were stained as described previously22 and mea-
sured on a LSRII Flowcytometer (BD Biosciences). Data were
analysed using FlowJo (BD) software. Isotype controls and
fluorescence minus one control were used to set gates. Flow
cytometry experiments of all samples were performed in a
single batch in order to eliminate the influence of day-to-day
variation.

Microbiological studies
Prior to initiation of antibiotic therapy, two sets of blood cul-
tures were taken from each patient. In patients with a product-
ive cough, sputum samples were obtained upon admission for
Gram staining and culture. Furthermore, urine samples were
taken for antigen detection of S pneumoniae and Legionella
pneumophila serogroup 1. Gram stainings and cultures were
performed on BAL specimens and, if clinical symptoms sug-
gested, pharyngeal swabs were taken for identification of viral
pathogens.

Statistical analysis
Data are shown as mean (SD) in case of normally distributed
data or median with IQR or percentiles when not normally dis-
tributed. Most data were not normally distributed and, there-
fore, non-parametric tests were used to compare groups
(Kruskal–Wallis test for across-group comparison of three or
more groups, Mann–Whitney U test for pairwise analyses).
Normally distributed data were analysed by unpaired t tests.
Data analysis was performed using Statistical Package for Social
Sciences (SPSS) 17.0 and Prism 5.01 (GraphPad). For statistical
significance, p<0.05.

RESULTS
Clinical characteristics of study population
Venous blood samples were drawn from all 39 CAP patients
included in the study; in 20 patients also a BAL was performed.
No significant differences in clinical parameters were present
between the total patient group and the subset of patients
undergoing BAL procedure (table 1). Based on pneumonia
severity index (PSI) scores, patients were allocated to the non-
severe (PSI class I–III, n=22(56%)) or severe (PSI class IV–V,
n=17(44%)) CAP group. In 10 patients (26%) S pneumoniae
was isolated. Thirteen patients (33%) had a known non-
pneumococcal bacterial (n=10) or viral (n=3) aetiology. In 16
patients (41%), no causative pathogen could be identified (table 1).
Patients with a pneumococcal pneumonia were not more
severely ill than patients with a bacterial non-pneumococcal
aetiology (see online supplementary table S1). For the distribu-
tion of identified pathogens: see online supplementary table S2.

As a control group, we included 10 healthy individuals
matched for age (54.8±5.7 years), gender (six males) and
smoking status (four smokers).
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Comparison of cytokine expression between CAP patients
and healthy individuals
First, we quantified CD4, CD8 and γδ T cells in peripheral
blood and BAL of all study subjects using flow cytometry. No
significant differences were found in proportions of these
lymphocyte subsets between CAP patients and healthy indivi-
duals (see online supplementary table S3). Absolute numbers of
CD4 T cells in peripheral blood were similar in CAP patients
upon admission compared with day 7 after admission (see
online supplementary figure S1).

Next, we activated total peripheral blood mononuclear cell
fractions and BAL cell suspensions and determined proportions
of intracellular IL-17A and IL-22 single and double positive
CD4 T cells (figure 1A), as well as proportions of IFNγ (Th1)
and IL-4 (Th2) positive CD4 T cells in peripheral blood (data
not shown).

Based on PSI scores upon admission, CAP patients were dis-
tributed over a non-severe (n=22) and a severe patient group
(n=17). In peripheral blood, no differences in the proportions
of IL-17A and IL-22 single positive CD4 T cells were found
between CAP patients and healthy individuals. The proportions
of IL-17A/IL-22 double positive CD4 T cells were, however, sig-
nificantly higher in the total CAP patient group and in severe
CAP patients compared with healthy individuals (figure 1B).
In BAL of CAP patients, we found significantly increased

proportions of IL-17A and IL-22 single and double positive
CD4 T cells (both non-severe and severe patients, when com-
pared with healthy individuals; figure 1C). No significant differ-
ences were found in the proportions of IFNγ or IL-4 single
positive or IL-17A/IFNγ double positive CD4 T cells in blood
between CAP patients and healthy individuals (data not shown).

Proportions of IL-17A and IL-22 single and double positive
CD4 T cells were significantly higher in BAL when compared
with peripheral blood (all p<0.001; figure 1). However, no cor-
relations were found between IL-17A and IL-22-positive CD4 T
cells in blood and BAL of CAP patients (data not shown).

Moreover, we determined levels of IL-17 and IL-22 in serum
and BAL fluid by ELISA. Levels of IL-17 were below detection
in both compartments.22 IL-22 levels in serum, but not in BAL
fluid, were significantly higher in CAP patients compared with
healthy individuals (see online supplementary figure S3). No
correlations were found between IL-17+, IL-22+ or IL17/IL-22
double positive CD4 T cells in blood or BAL and levels of IL-22
in serum or BAL fluid (data not shown).

We also correlated Th17 responses in blood and BAL with
other clinical parameters. Proportions of IL-17A/IL-22 double
positive CD4 T cells in peripheral blood upon admission of
CAP patients admitted to the Intensive Care Unit (ICU) were
significantly higher compared with the non-ICU patient group
(p=0.03; see online supplementary figure S2). No other corre-
lations were found between Th17 responses and parameters of
disease severity including PSI score, need for mechanical ventila-
tion, extent of pulmonary consolidations on chest x-ray, bacter-
aemia, hypoxaemia, c-reactive protein (CRP) levels or mortality.
The time of onset of symptoms before hospital admission, the
use of antibiotics previous to hospital admission or the length of
hospital admission also did not correlate with Th17 responses
in blood or BAL of CAP patients (data not shown).

In addition to CD4 T cells, IL-17A and IL-22 can also be pro-
duced by other T-cell subsets, including γδ and CD8 T cells.23

The proportions of IL-17A+ or IL-22+ γδ T cells in peripheral
blood and BAL were very low and did not differ between CAP
patients and healthy individuals. Likewise, the proportions of
cytokine positive CD8 T cells in peripheral blood were not sig-
nificantly increased in patients compared with healthy indivi-
duals. In BAL, the proportions of IL-17A and IL-22 single and
double positive CD8 T cells were significantly elevated in
patients when compared with healthy individuals, but percen-
tages were 5–10-fold lower than those in the CD4 T cell com-
partment (data not shown).

Correlation of Th17 cells with microbiological aetiology
In the total CAP patient group, 10 (26%) patients had S pneu-
moniae isolated as the causative pathogen. Next, we compared
patients with a pneumococcal pneumonia with patients with a
known bacterial causative pathogen other than S pneumoniae
(see online supplementary table S1). CAP patients with a
pneumococcal aetiology were not sicker than patients presenting
with CAP of another aetiology. Furthermore, cytokine profiles
of peripheral blood CD4 T cells were not significantly different
between pneumococcal pneumonia, bacterial non-pneumococcal
pneumonia (NP), and healthy individuals (figure 2A). By con-
trast, both patients with pneumococcal pneumonia and patients
with a bacterial non-pneumococcal pathogen isolated, had sig-
nificantly increased proportions of IL-17A and IL-22 single and
double positive CD4 T cells in BAL, compared with healthy
individuals (figure 2B). Consistent with the heterogeneity of
pathogens involved, non-pneumococcal patients showed a large
range in the proportions of cytokine expressing CD4 T cells,

Table 1 Baseline characteristics of CAP patients

PBMC (n=39) BAL (n=20)

Mean (SD) age (years) 55.6±18.5 60.6±19.0
Male sex, n (%) 25 (64) 13 (65)
Smoking, n (%) 15 (38) 8 (40)
Comorbidity, n (%)
COPD 10 (26) 5 (25)
Heart disease 8 (21) 6 (30)
Neurological disorder 6 (15) 4 (20)
Chronic renal disease 1 (3) 1 (5)
Diabetes mellitus 6 (15) 2 (10)

Pneumonia Severity Index, n (%)
Low I 10 (26) 3 (15)
Low II 7 (18) 5 (25)
Low III 5 (13) 2 (10)
Moderate IV 12 (31) 6 (30)
High V 5 (13) 4 (20)
Mean ±SD CRP (mg/l) 207±151 219±169

Chest consolidation(s), n (%)
Unilobar, unilateral 32 (82) 16 (80)
Multilobar, unilateral 5 (13) 2 (10)
Bilateral 2 (5) 2 (10)
ICU admission 8 (21) 5 (25)
Mechanical ventilation, n (%) 6 (15) 4 (20)
Bacteraemia, n (%) 6 (15) 5 (25)
Hypoxaemia (sat<90%), n (%) 13 (33) 7 (35)
Mean ±SD LOS (days) 10±14 13±18

Mortality, n (%) 2 (5) 2 (10)
Microbiological species, n (%)
Streptococcus pneumoniae 10 (26) 7 (35)
Other bacterial 10 (26) 5 (25)
Viral 3 (7.7) 2 (10)
Unknown 16 (41) 6 (30)

BAL, bronchoalveolar lavage; CAP, community-acquired pneumonia; COPD, chronic
obstructive pulmonary disease; PBMC, peripheral blood mononuclear cells; LOS,
length of hospital stay. For all clinical parameters p>0.35.
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both in peripheral blood and in BAL. Up to 30% of CD4 T cells
in BAL of CAP patients with a bacterial non-pneumococcal aeti-
ology were IL-17 positive (figure 2B).

Systemic Th17 cytokine responses over time in CAP
Peripheral blood samples were drawn from CAP patients upon
admission and at days 7 and 30 after admission. To investigate

systemic Th17 responses over time, we focused on proportions
of IL-17A+IL-22+ CD4 T cells, which upon admission were sig-
nificantly higher in CAP patients than in healthy controls (figure
1B). At day 7, these proportions were still significantly higher
than those found in healthy individuals, and showed a small but
not significant increase compared with values upon admission
(figure 3A). At day 30, proportions of IL-17A+IL-22+ CD4

Figure 1 Cytokine expression by CD4 T cells in peripheral blood and BAL of CAP patients and healthy individuals. CAP patients were under
divided as non-severe CAP (PSI class I-III) or as severe CAP (PSI class IV-V). (A) Flow cytometric characterisation of CD4 T cells. CD4 T cells were
analysed for IL-17A expression (left panel), IL-22 expression (middle panel) and double expression of IL-17A and IL-22 (right panel). PBMC were
gated from live CD56− cells, BAL cells from live cells. Results are shown as dot plots. (B). Proportions of total CD4 T cells positive for the indicated
cytokines in PBMC from the total group of CAP patients (n=39), non-severe (n=22) and severe (n=17) CAP patients, versus healthy individuals
(n=10). (C) Proportions of total CD4 T cells positive for the indicated cytokines in BAL from the total group of CAP patients (n=20), severe (n=10)
and non-severe (n=10) CAP patients versus healthy individuals (n=10). Data are shown as box and whisker plots with 10th and 90th percentiles.
Bold lines represent median values. Differences between CAP groups and HC were tested with the Mann–Whitney U test. *: p<0.05; **: p<0.01;
***: p<0.001. CAP, community-acquired pneumonia; HC, healthy control; PBMC, peripheral blood mononuclear cells; BAL, bronchoalveolar lavage.
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T cells in CAP patients were similar to those in healthy indivi-
duals (figure 3A).

Similar to the total group of CAP patients, also the group of
severe CAP patients had significantly elevated proportions of
IL-17A+IL-22+ CD4 T cells upon admission and at day 7, when
compared with healthy individuals (figure 3B). In non-severe
CAP patients, the proportions of these cells were not signifi-
cantly different from values in healthy individuals at any time
point (figure 3B).

When comparing pneumococcal and bacterial non-
pneumococcal CAP patients with healthy individuals at different
time points, we found that patients with pneumococcal pneu-
monia only had significantly higher proportions of
IL-17A+IL-22+ CD4 T cells in their peripheral blood on day 7
after admission (figure 3C).

DISCUSSION
In this study, we aimed to identify the involvement of Th17
cells in the immunopathogenesis of CAP. The most important
findings are that, in the BAL of CAP patients, proportions of
IL-17A and IL-22 single and double positive CD4 T cells were
significantly increased compared with healthy individuals.
Significantly increased proportions of IL-17A+IL-22+ CD4 T
cells in BAL were found in non-severe and severe CAP patients,

as well as in pneumococcal and non-pneumococcal CAP. Upon
admission, we found no differences in the proportions of
IL-17A or IL-22 single positive CD4 T cells in peripheral blood
between CAP patients and healthy individuals. The proportions
of IL-17A+IL-22+ CD4 T cells were, however, significantly ele-
vated in the blood of CAP patients, and were still significantly
increased 1 week after admission. Moreover, upon admission,
proportions of IL-17A/IL-22 double positive CD4 T cells in per-
ipheral blood of CAP patients admitted to the ICU were signifi-
cantly higher than those in the non-ICU patient group.

While Th17 responses to pneumonia are well established in
mice,7 9–18 this is the first study demonstrating in vivo Th17
involvement as a distinct feature of CAP in humans. Our find-
ings in peripheral blood point to an isolated Th17 response
since we did not find increased proportions of circulating IFNγ+

(Th1) or IL-4+ (Th2) T helper cells. An important difference
between our study and the other studies on T cell cytokine
responses in human pneumonia is the fact that we studied
patients with a heterogeneous microbial aetiology. This could
explain that, contradictory to our findings, previous studies
showed Th1 or Th2 responses against certain respiratory patho-
gens.10 17 24–26 Kemp et al24 showed a Th1 response at the
onset of pneumococcal infection. However, their study popula-
tion also included patients without pneumonia. Furthermore, in

Figure 2 Cytokine expression by CD4 T cells in peripheral blood and BAL of community-acquired pneumonia (CAP) patients with pneumococcal
pneumonia, bacterial non-pneumococcal pneumonia (NP) and healthy individuals. CAP patients were classified as having pneumococcal pneumonia
(P) when Streptococcus pneumoniae was identified as the pathogenic micro-organism. NP patients had a bacterial pathogen isolated other that S
pneumoniae. (A) Proportions of total CD4 T cells positive for the indicated cytokines in PBMC from P (n=10), NP (n=10) and HC (n=10). (B)
Proportions of total CD4 T cells positive for the indicated cytokines BAL from P (n=7), NP (n=5) and HC (n=10). Data are shown as box and whisker
plots with 10th and 90th percentiles. Bold lines represent median values. Differences between groups were tested with the Mann–Whitney U test.
*: p<0.05; **: p<0.01; ***: p<0.001. HC: healthy control. PBMC, peripheral blood mononuclear cells; BAL, bronchoalveolar lavage.
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another study, human monocytes were in vitro infected with
pneumococci, which resulted in both Th1 and Th17
responses.10 Patients with a pneumococcal aetiology had higher
proportions of IL-17 and IL-22 single and double positive CD4
T cells in the BAL compared with healthy individuals. CAP
patients with a bacterial non-pneumococcal aetiology, however,
showed even higher proportions compared with the pneumo-
coccal patient group, suggesting that the extent of Th17 involve-
ment is pathogen-dependent. In pandemic 2009 H1N1
influenza, elevated plasma levels of both Th17 and Th1 related
cytokines were observed, but the cellular source of these cyto-
kines was not identified.17 26 The three patients in our study in
whom a viral pathogen was isolated showed a wide range in
cytokine expression, but IL-17A and IL-22 single and double
positive CD4 T cells were, in all cases, above the median values

of healthy individuals. A Th2 response was reported in
Mycoplasma pneumonia.25 However, since we included only
two patients with M pneumoniae, we were not able to confirm
these results.

It is conceivable that Th17 cytokines contribute to the vigor-
ous recruitment and activation of neutrophils, which is one of
the most important components of the innate immune response
against bacterial infection. Particularly, since IL-17A has the
ability to induce the expression of various proinflammatory
mediators by epithelial and stromal cells, including IL-1, IL-6,
TNF-α, CXCL8, G-CSF and GM-CSF, all of which support
recruitment or activation of neutrophils.27 In agreement with
this notion, in a subgroup of patients for which peripheral
blood neutrophil counts were available, we observed a positive
correlation between the absolute numbers of circulating

Figure 3 Proportions of
IL-17A+IL-22+ double positive CD4 T
cells in peripheral blood of
community-acquired pneumonia (CAP)
patients over time. (A). Proportions of
IL-17A+IL-22+ CD4 T cells in peripheral
blood of CAP patients (n=39) upon
admission, at day 7 and day 30 after
admission and in healthy individuals
(n=10). (B) Proportions of
IL-17A+IL-22+ CD4 T cells in peripheral
blood of non-severe (n=22) and severe
CAP patients (n=17) upon admission,
at day 7 and day 30 after admission
and in healthy individuals. (C).
Proportions of IL-17A+IL-22+ CD4 T
cells in peripheral blood of CAP
patients with pneumococcal
pneumonia (n=10), bacterial
non-pneumococcal pneumonia (n=10)
upon admission, at day 7 and day 30
after admission and in healthy
individuals. Data are shown as box
and whisker plots with 10th and 90th
percentiles. Bold lines represent
median values. *: Significantly
different from HC (p<0.05). HC,
healthy control; NSCAP, non-severe
community-acquired pneumonia; SCAP,
severe community-acquired
pneumonia.
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neutrophils and the proportions of IL-17+ CD4 T cells in BAL
(p=0.016, r=0.73; M.P. et al, unpublished).

In vitro differentiation of Th17 cells leads to cell populations
with IL-17A or IL-22 single or double expression, a phenom-
enon also observed in vivo in the skin and lung.8 28 29

Coexpression of IL-17A and IL-22 is particularly of interest, as
we observed high proportions of IL-17A/IL-22 double-
producing T helper cells in both BAL and peripheral blood of
CAP patients. IL-17A and IL-22 can act synergistically to
augment the expression of genes involved in defence against
microbial pathogens, such as β-defensin-2 in keratinocytes.28

Additionally, in bleomycin-induced lung inflammation, IL-17A
can regulate the expression, proinflammatory properties and
tissue-protective functions of IL-22, thereby determining the
functional consequences of IL-22 expression in the lung.29

Because of the protective effects of IL-17A and IL-22 in mouse
models of pneumonia,7 30 our finding of increased proportions
of IL-17A+IL-22+ CD4 T cells in CAP supports the hypothesis
that Th17 cells are necessary for a vital beneficial host response
in human pneumonia.

Our results show increased IL-17A and IL-22 single positive
CD4 T cells in BAL, but not in peripheral blood of CAP
patients. Furthermore, CAP patients had higher proportions of
IL-17A and, to a lesser extent, of IL-22 CD4 T cell in BAL than
in peripheral blood, indicating that these cells preferentially
home to, or are generated at the site of infection, for instance,
the lungs.

Several factors have to be considered for the interpretation of
our results. First of all, the number of patients included in this
study is small, although comparable with other studies investi-
gating local inflammatory responses.31 32 Furthermore, like in
other observational patient studies, there are uncontrolled
factors present before patients enter the study. We cannot com-
pletely exclude the possibility that, for instance, differences in
time of onset of symptoms and hospital admission causes modu-
lation of inflammatory responses, for instance, cytokine
responses from γδ T cells could have been missed due to their
early response in infection, and may also play an important role
in the host defence. Inferred from mouse models, respiratory
inflammatory responses depend on the causative pathogen. We
included CAP patients with different microbial aetiology. It
would therefore be interesting to analyse larger cohorts of
patients with viral or NP to investigate if Th17 responses are
different from those found in pneumococcal pneumonia.
Nevertheless, by studying a cohort of CAP patients independ-
ently of microbial aetiology, results can be easily translated to
daily clinical practice.

In conclusion, our data indicate that CD4 T cells with a Th17
profile are engaged in local and systemic immune responses in
CAP. Especially, our novel finding of significantly increased
IL-17A+IL-22+ Th17 cells in BAL and peripheral blood sup-
ports their role in host defence in CAP.
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Supplementary Table 1: Baseline characteristics of CAP patients with an identified 

pneumococcal or bacterial non-pneumococcal pathogen. 

 Pneumococcal pneumonia Bacterial Non-pneumoncoccal 

pneumonia 

 PBMC (n=10) BAL  

(n=7) 

PBMC  

(n=10) 

BAL  

(n=5) 

Mean (SD) age (years) 61±17 65±16 50±19 60±22 

Male sex, no. (%) 6 (60) 3 (43) 7 (70) 3 (60) 

Smoking, no. (%) 6 (60) 3 (43) 5 (50) 3 (60) 

Comorbidity, no. (%) 

     COPD 

     Heart disease 

     Neurological disease 

     Chronic renal disease 

     Diabetes mellitus 

 

2 (20) 

2 (20) 

1 (10) 

0 (0) 

2 (20) 

 

2 (29) 

1 (14) 

1 (14) 

0 (0) 

1 (14) 

 

4 (40) 

3 (30) 

2 (20) 

0 (0) 

0 (0) 

 

2 (40) 

2 (40) 

2 (40) 

0 (0) 

0 (0) 

PSI, no. (%) 

     Low I 

     Low II 

     Low III 

     Moderate IV 

     High V 

 

3 (30) 

2 (20) 

0 (0) 

4 (40) 

1 (10) 

 

2 (29) 

1 (14) 

0 (0) 

3 (43) 

1 (14) 

 

3 (30) 

2 (20) 

1 (10) 

2 (20) 

2 (20) 

 

0 (0) 

2 (40) 

1 (20) 

1 (20) 

1 (20) 

Mean (SD) CRP (mg/l)   265±156 306±171 225±167 310±159 

Chest consolidation(s), no. (%) 

     Unilobar, unilateral 

     Multilobar, unilateral 

     Bilateral 

 

10 (100) 

0 (0) 

0 (0) 

 

7 (100) 

0 (0) 

0 (0) 

 

7 (70) 

3 (30) 

0 (0) 

 

4 (80) 

1 (20) 

0 (0) 

Hypoxemia (sat<90%), no. (%) 4 (40) 2 (29) 3 (30) 1 (20) 

ICU admission, no. (%) 1 (10) 1 (14) 3 (30) 1 (20) 

Mechanical ventilation, no. (%) 1 (10) 1 (14) 2 (20) 1 (20) 

Bacteraemia, no. (%) 4 (40) 3 (43) 1 (10) 1 (20) 

Mean (SD) LOS (days)  7±5 8±4 10±10 11±9 

Mortality, no. (%) 1 (10) 1 (14) 1 (10) 1 (20) 

PBMC: peripheral blood mononuclear cells. BAL: bronchoalveolar lavage. SD: standard 

deviation. COPD: chronic obstructive pulmonary disease. PSI: pneumonia severity index. 

CRP: C-reactive protein. Sat: saturation. ICU: intensive care unit. LOS: length of stay. For all 

clinical parameters p>0.13. 
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Supplementary Table 2: Distribution of isolated pathogens in CAP patients 

 

 PBMC 

n=39 

BAL 

n=20 

Bacterial pathogen, no. (%) 

     Streptococcus pneumoniae 

     Klebsiella pneumoniae 

     Mycoplasma pneumoniae 

     Haemophilus influenzae 

     Stenotrophomonas maltophilia 

     Pseudomonas aeruginosa 

     Streptococcus pyogenes 

     Staphylococcus aureus      

20 (51) 

10 (26) 

2 (5) 

2 (5) 

1 (3) 

1 (3) 

1 (3) 

2 (5) 

1 (3) 

12 (60) 

7 (35) 

0 (0) 

0 (0) 

1 (5) 

1 (5) 

1 (5) 

1 (5) 

1 (5) 

Viral pathogen, no. (%) 

     H1N1 

     Adenovirus 

3 (8) 

2 (5) 

1 (3) 

2 (10) 

1 (5) 

1 (5) 

Unknown, no. (%) 16 (41) 6 (30) 

 

 

 

Supplementary Table 3: Proportions of lymphocyte subsets 

 

 PBMC BAL cells 

 CAP HC CAP HC 

Subjects (n) 39 10 20 10 

CD4+ (% of CD3+) 63.5 (52.9-74.4) 56.2 (45.0-75.0) 43.7 (31.7-58.6) 41.1 (33.5-67.0) 

CD8+ (% of CD3+) 27.4 (18.2-33.63) 31.9 (18.5-40.7) 38.6 (25.6-47.6) 45.5 (27.6-51.7) 

γδ T cells (% of CD3
+
) 2.6 (2.0-5.6) 2.7 (1.0-4.0) 0.9 (0.3-2.5) 0.5 (0.3-2.1) 

Values are expressed as median (interquartile range). Lymphocyte subsets are presented as 

proportions of viable CD3
+
 cells. There were no significant differences between CAP and HC. 
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Supplementary Figure 1: Absolute number of CD4
+
 T cells in peripheral blood of CAP 

patients upon admission (Adm, n=20) and on day 7 after admission (Day 7, n=11). Data 

are shown as box whisker plots with 10
th

 and 90
th

 percentiles. Bold lines represent median 

values. ns: not significant. 

 

 

 

 

 

Supplementary Figure 2. Proportions of IL-17A
+
IL-22

+
 double positive CD4

+
 T cells 

upon admission in peripheral blood of CAP patients admitted to the ICU (n=6) and non-

ICU (n=33) patients. Data are shown as box whisker plots with 10
th

 and 90
th

 percentiles. 

Bold lines represent median values. ICU: intensive care unit. IL: interleukin. 
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Supplementary Figure 3. Serum levels of IL-22 upon admission in CAP patients (n=39) 

and healthy individuals (n=10).  Data are shown as box whisker plots with 10
th

 and 90
th

 

percentiles. Bold lines represent median values. CAP: community-acquired pneumonia. HC: 

healthy control. IL: interleukin.  

 

 


