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A B S T R A C T

Background: The serum cytokine levels among 45 mechanically ventilated, intensive care unit (ICU)-treated
severe community-acquired pneumonia (SCAP) patients with known microbial etiology in three different
etiology groups were assessed.
Methods: Blood samples for C-reactive protein (CRP), procalcitonin (PCT), interleukin (IL)-5, IL-6, IL-10, human
interferon gamma induced protein (IP)-10, and TNF-α (tumor necrosis factor alpha) were collected at time points
0, 12, 24, 48, 72 and 96 h after study inclusion.
Results: There were 21 (43%) pure bacterial infections (bacterial group, BG), 5 (10%) pure viral infections (viral
group, VG), and 19 (39%) mixed bacterial-viral infections (mixed group, MG) among 45 mechanically ventilated
SCAP patients. CRP and PCT levels were significantly higher in the MG and values decreased with time in all
groups. PCT differed also in time and group analysis (P=0.001), the highest being in the MG. IL-5 levels were
significantly higher in the VG compared to others (Ptime= 0.001, Pgroup= 0.051 and Ptimexgroup= 0.016). IL-6
and IP-10 levels decreased over time (Ptime= 0.003 and Ptime= 0.021), but there were no differences between
groups.
Conclusion: SCAP patients with viral etiology have higher IL-5 levels. Patients with mixed viral and bacterial
group have higher PCT compared to other etiologies.

1. Introduction

Streptococcus pneumoniae is the main causative pathogen of com-
munity-acquired pneumonia (CAP) and intensive care unit (ICU)-
treated severe community-acquired pneumonia (SCAP), however, con-
comitant viral infections occur up to 50% of all SCAP cases [1–3].
Mixed infections are related to higher inflammatory disease and re-
present relevant risk for hospitalization and ICU treatment [4,5].

Elevated serum pro-inflammatory cytokines, such as interleukin-6 (IL-
6), have been used in prognostic assessment and as a marker for the se-
verity of the infection [6,7]. In pneumonia, it has been suggested that the
magnitude of cytokine secretion varies depending on the causative mi-
croorganism involved [8]. In pneumococcal pneumonia, higher inter-
leukin-1 receptor antagonist (IL-1RA), IL-6, IL-8, IL-10, and TNF-α

concentrations have been found compared to patients with non-pneumo-
coccal etiology [8–10]. CAP patients with gram-negative etiology, En-
terobacteriaceae have been shown in higher IL-8 and Klebsiella pneumoniae
in higher IL-10 levels compared to other etiologies [11,12]. In influenza
pneumonia, IL-6, IL-8, IL-17, and transforming growth factor (TGF)-β1
have been shown to be elevated in an acute phase of the disease [13,14].
Children with respiratory syncytial virus (RSV) pneumonia have presented
high serum levels of IL-4, IL-10, and interferon gamma (IFN-γ) [14,15].
However, the precise role of cytokines and the relationship between serum
cytokine levels and microbiological etiology among mechanically venti-
lated SCAP patients is unclear [10,11].

The purpose of this prospective study was to focus on analyzing
cytokine kinetics during the first 96 h after ICU admission among SCAP
patients with different etiologies of pneumonia, using CRP and PCT
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measurements as references.

2. Materials and methods

2.1. Patient population

The study population consisted of a cohort of SCAP patients ad-
mitted in a mixed ICU in a tertiary referral university hospital between
June 2008 and May 2012. The first part of the study reporting SCAP
etiology was been published on an earlier date [3]. Severe CAP was
defined as an acute lower respiratory tract infection with fever or hy-
pothermia, cough, and dyspnea acquired outside the hospital. The
presence of pneumonia was confirmed by a chest radiograph that de-
monstrated a new pulmonary infiltrate. All patients fulfilled the criteria
for sepsis, as well as, the Infectious Diseases Society of America’s and
the American Thoracic Society’s (IDAS/ATS) major criteria for SCAP
[1,16]. Adult patients (older than 18 years) with SCAP who were ex-
pected to require intensive care treatment for more than 48 h and who
were started on mechanical ventilation during the first 48 h following
ICU admission were included in this study. The Hospital Ethics Com-
mittee approved the study protocol and written informed consent was
requested from each patient or their next of kin.

2.2. Clinical data and laboratory measurements

A more detailed description of the methods, as well as, the micro-
biological analysis of study samples to define pneumonia etiology and
classification of SCAP patients have been published earlier [3]. For this
study the following data was analyzed: age, sex, presence of preexisting
comorbidities, chronic pulmonary disease, and smoking. Serum C-re-
active protein (CRP) and proclacitonin (PCT) (Siemens Centaur XP,
Advia Centaur BRAHMS PCT) levels were recorded daily. The sum of
Pulmonary Severity Index (PSI) [17] and CURB-65 (Confusion-Urea-
Respiratory rate-Blood pressure) score [18] were also reported. SCAP
patients were classified in three different groups according to microbial
etiology: bacterial group (BG), if etiological examinations revealed only
bacteria; viral group (VG), if only viral findings were recovered; and
mixed group (MG), if etiological examinations yielded both bacterial
and viral findings.

2.3. Serum cytokine detection

For serum cytokine detection, blood samples were collected to-
gether with CRP and PCT samples at time points 0, 12, 24, 48, 72, and
96 h after study inclusion. The serum samples were kept at−75 °C until
they were analyzed at the Virus Diagnostics Laboratory, University of
Turku. Serum cytokine levels were determined by 27-plex im-
munoassay (IL-1β, IL-1rα, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-
12 (p70), IL-13, IL-15, IL-17, eotaxin, FGF basic, G-CSF, GM-CSF, IFN-γ,
IP-10, MCP-1, MIP-1α, platelet-derived growth factor (PDGF-ββ), MIP-
1, RANTES, TNF-α, vascular endothelial growth factor (VEGF)) from
Bio-Rad Laboratories, Inc. (California, United States)). According to the
manufacturer’s instructions, except that the amount of beads, detection
antibodies, and streptavidin-phycoerythrin conjugate were used at 50%
of their recommended concentration, which was tested previously as
appropriate for the analysis system. The results were analyzed with Bio-
Plex Manager 6.0 software. For statistical analyses and calculating the
geometric mean cytokine levels, samples under the detection limit were
given a value that was the detection limit divided by two. This was done
in order to enable the inclusion of negative values (0 values) for geo-
metric mean calculations.

2.4. Statistical analysis

The summary measurements are presented as median with 25th-
75th percentiles, unless stated otherwise. The baseline comparisons

between the three study groups for continuous variables were per-
formed by analysis of variance or by the Brown–Forsythe test if the
homogeneity of variance test rejected the homogeneity assumption.
Categorical data was analyzed using Fisher’s exact test. A linear mixed
model (LMM) was used for repeatedly measured data. The p-values
reported for LMM are Ptime for change over time, Pgroup for average
between group difference, and Ptime*group for interaction between time
and group. Two-tailed p-values < 0.05 were considered statistically
significant. A non-parametric Spearman's correlation coefficient (rho)
was calculated. All analyses were performed using SPSS for Windows
(IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version
22.0. Armonk, NY: IBM Corp.) and SAS (version 9.4, SAS Institute Inc.,
Cary, NC, USA).

3. Results

3.1. Patient characteristics

The microbial etiology of 45 ventilated SCAP patients was identified
as follows: a bacterial etiology (bacterial group, BG) was diagnosed for
21 (47%) patients, combined bacterial-viral etiology (mixed group,
MG) for 19 (42%), and viral etiology (viral group, VG) for 5 (10%)
patients. The causative microbes are presented in Table 1.

The median ages of these three groups were as follows: BG 53 (25th
and 75th percentiles 49–58), MG 55 (44–65), and VG 48 (44–57)
(P > 0.9) years, and there were 10 (48%) males in BG, 8 (42%), and 2
(40%) in MG and VG, respectively. Fifteen (71%) patients in BG, 13
(68%) in MG, and 4 (80%) in VG had chronic co-morbidities. One pa-
tient (20%) in VG had chronic obstructive pulmonary disease while the
corresponding figures in BG and MG were 1 (5%) and 2 (11%), re-
spectively. Smoking was the most common in VG where 60% (3/5) of
the patients were smokers, in BG and MG there were 9 smokers (45%
and 47%) in each group. 11 patients (52%) in BG, 11 (58%) in MG, and
2 (40%) in VG were treated with corticosteroid due to septic shock
during their ICU stay.

Table 1
Admission values of four evaluated cytokines in three pneumonia etiology
groups.

Cytokinea Bacterial groupb Mixed groupc Viral groupd p-value
(BG) (MG) (VG)
n= 21 n=19 n=5

IL-5 10.1
(7.1–18.9)

7.6
(5.8–11.7)

18.7
(13.8–45.1)

0.188

IL-6 187.1
(48.9–1317.5)

353.9
(68.3–2774.3)

174.1
(52.5–595.1)

0.524

TNF-α 96.1
(56.1–147.8)

71.0
(57.4–154.4)

94.2
(80.7–193.7)

0.546

IP-10 2226.5
(562.3–15959.9)

6767.3
(1707.1–22754.9)

363.2
(353.9–193.7)

0.509

a All values are presented pg/ml, IL= interleukin, TNF-α= tumor necrosis
factor alfa, IP-10= interferon gamma induced protein 10.

b Bacterial group (BG) consisted of following bacteriae: Streptococcus pneu-
moniae; n= 15, Mycoplasma pneumoniae; n= 3, Staphylococcus aureus; n= 1,
Escherichia coli; n= 1, Klebsiella pneumoniae and Mycoplasma pneumoniae;
n= 1.

c Mixed group (MG): S.pneumoniae+ rhinovirus; n= 7,
S.pneumoniae+ parainfluenzavirus 3; n=1, S.pneumoniae+ coronavirus; n= 1,
S.pneumoniae+ adenovirus; n= 1, S.pneumoniae+ respiratory syncytial virus;
n= 1, S.pneumoniae+ enterovirus; n= 1, S.pneumoniae+ enterovirus
+ adenovirus; n= 1, Pseudomonas aeruginosa+ rhinovirus; n= 1, Haemophilus
influenzae+Moraxella catharralis+ rhinovirus; n= 1, S.aureus+ rhinovirus;
n= 1, H.influenzae+ rhinovirus; n= 1, M.pneumoniae+ rhinovirus; n= 1,
M.pneumoniae+ rhinovirus+ adenovirus; n= 1.

d Viral group (VG): rhinovirus; n= 2, coronavirus; n= 1, adenovirus; n= 1,
influenza A virus; n=1 [3].
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Patients in BG had a somewhat higher median PSI score; (123 [25th
and 75th percentiles 85–138], P=0.66), while the corresponding fig-
ures in MG and VG were 103 (87–143) and 107 (78–134), respectively.
The CURB-65 score was 3 (2–3) in BG, 3 (2–4) in MG, and 2 (2–3) in VG
(P= 0.73).

3.2. Cytokine kinetics

According to the 27-plex immunoassay results only IL-5, IL-6, and
IP-10 showed significant changes over time or between groups. These
cytokines showed the highest values during the first 24 h after enroll-
ment of the study. Serum cytokine levels on admission are shown in
Table 1.

Serum IL-5 levels were highest in the viral group (Ptime= 0.001,
Pgroup= 0.051, and Ptimexgroup= 0.016, Fig. 1). Both IL-6 and IP-10
levels decreased during the study period (Ptime= 0.003 and
Ptime= 0.021), but there were no differences between groups (Figs. 2
and 3). There were no significant differences in TNF-α between groups
(Fig. 4).

3.3. Correlation of cytokine levels to start of mechanical ventilation and
onset of symptoms

The median time from the start of mechanical ventilation to the first
study sample collection was 7.0 h and no statistically significant cor-
relation was found between cytokine levels and the time gap.
Spearman’s correlation coefficient calculations were as follows; IL-5
(rho=0.161, P=0.308), IL-6 (rho=0.132, P=0.394), IP-10
(rho=0.06, P=0.971) and TNF-α (rho=−0.235, P=0.125), re-
spectively. The median time between onset of symptoms and the first
study sample was 4 days. Nor statistically significant correlations were
found between cytokine levels and the time gap from onset symptoms;
IL-5 (rho=−0.135, P= 0.383), IL-6 (rho= 0.0, P > 0.9), IP-10
(rho=0.27, P=0.88) and TNF-α (rho=−0.144, P=0.36).

3.4. CRP and procalcitonin kinetics

CRP and PCT levels were significantly higher in MG and values
decreased according to time in all groups (Figs. 5 and 6). PCT differed
also in time and group analysis (P= 0.001) being highest in MG
(Fig. 6).

Fig. 1. Time-group-analysis curve of interleukin (IL)-5.

Fig. 2. Time-group-analysis curve of IL-6.

Fig. 3. Time-group-analysis curve of interferon gamma induced protein (IP)-10.

Fig. 4. Time-group-analysis curve of tumour necrosis factor (TNF)-alfa.
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4. Discussion

In this prospective study consisting of 45 severely ill patients re-
quiring mechanical ventilation and fulfilling the major criteria of severe
community-acquired pneumonia, we found that patients in the viral
group showed highest serum IL-5 levels during the first 96 h in the ICU
as compared to patients with bacterial or mixed viral. The mixed group
showed the highest PCT values compared to patients with bacterial or
viral etiologies.

Our results showed that SCAP patients with a viral etiology had the
highest serum IL-5 concentrations. It has previously been shown that
children with a laboratory confirmed influenza A (2009 H1N1) virus
pneumonia had higher IL-5 concentrations compared to children
without a lower respiratory tract infection [19–21]. In influenza A
H1N1 virus pneumonia serum IL-5 levels were even higher among those
patients requiring mechanical ventilation [19] or in influenza patients
without viral pneumonia [21]. In our adult study population, we had
only one pneumonic patient with a H1N1 influenza viral infection,
while the other pneumonias were due to adeno-, corona-, or rhinovirus
infections. Our study suggests that high IL-5 concentrations may also be
related to viral pneumonias. This is supported by the fact that in chil-
dren elevated serum IL-5 levels have also been found in wheezing
caused by a rhinovirus or respiratory syncytial virus infection [22].

IL-6 and TNF-α, together act as a general marker of inflammation in
pneumonia, regulating the expression of acute phase proteins [8]. In
our study serum IL-6 levels decreased over time in all groups. In gen-
eral, high IL-6 concentrations in serum and bronchoalveolar lavage
fluid have been reported in all pneumonia patients. In addition, high
serum IL-6 levels correlate to the presence of pneumonia, disease se-
verity, and poor outcome [10,12,23–25]. In an earlier CAP study with
685 patients of whom 3% required mechanical ventilation and 2.7%
with septic shock showed that bacteremic patients had higher serum IL-
6 levels compared to CAP patients with an unknown microbial etiology
[26]. However, in our study there were no differences between etiol-
ogies. Our patients were all severely acutely ill, requiring mechanical
ventilation, and 43% had septic shock. Although high serum TNF-α
levels have been reported in patients with CAP or SCAP [28], we did
not find any significant differences in TNF-α concentrations between
the three etiological groups. This apparent discrepancy between our
study and the one of Calbo and colleagues, may be due to different
serum sampling times and half-lives of cytokines; the half-life of TNF-α
after initial cytokine response is relatively short, only 15min, compared
to for instance, IL-6, which according to literature may vary from 2 to
15 h [29]. Thus, in our study serum TNF-α levels may have returned to
basal levels at the time of hospital admission.

In our series, IP-10 decreased over time in all groups. In a study with
74 children (≤5 years old) hospitalized with viral and/or bacterial
community-acquired pneumonia, patients with identified mixed-de-
tection had significantly higher serum IP-10 levels than those with a
single detection [27]. An in vitro study has shown that compared to a
single pathogen infection, a mixed bacterial-viral co-infection sy-
nergistically increased IP-10 expression by modulating the JAK-STAT
signaling pathway [27]. Also in our series the mixed group had the
highest but not statistically significant IP-10 values.

It is worth noticing that confounding factors may contribute to the
observed differences in cytokine concentrations. Cytokine levels vary
over time, and mechanical ventilation is known to induce inflammatory
responses [30,31]. In our series, the median time from the start of
mechanical ventilation to first study sample collection was 7.0 h and
there was no correlation between the time gap and cytokine levels.
Additionally the median time of sampling relative to the onset of
symptoms was 4 days and no correlation was found between the time
gap and cytokine levels.

This study showed highest procalcitonin among the MG patients.
This is in accordance with previous studies on CAP patients [5,26,32].

The present study has several limitations that should be mentioned.
Our patient material consisted only of mechanically ventilated SCAP
patients in a single center university hospital which limits the gen-
eralization of the results to other pneumonia cases or other centers.
However, there are thus far only a few studies concerning the patterns
of cytokines in SCAP patients. Our study group was relatively small
especially in respect to viral pneumonias. Thus, to confirm the elevated
serum IL-5 as an informative biomarker for viral infections further
studies with a larger patient population are needed. If the ICU admis-
sion occurred at nighttime there was at least a few hours delay in ob-
taining the first study samples, due to the lack of informed consent or
laboratory personnel. Therefore, it is possible that we may have missed
some very early cytokine findings, specifically, those concerning TNF-α.
Moreover, our results may have been hampered by the fact that 28% of
our patients had already received antibiotics before the hospital ad-
mission. Our finding should be regarded as preliminary until confirmed
in a larger cohort of patients.

5. Conclusion

This is the first study concerning serum biomarker profiles in adult
mechanically ventilated SCAP patients with bacterial, mixed bacterial-
viral and viral etiologies. SCAP patients with viral etiology have higher
IL-5 levels, and patients in the mixed viral and bacterial group have

Fig. 5. Time-group-analysis curve of C-reactive protein.

Fig. 6. Time-group-analysis curve of procalcitonin.
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higher PCT compared to other etiologies. The importance of IL-5 as a
diagnostic biomarker in viral SCAP should be studied among larger
patient cohorts.
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