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ABSTRACT 

Question: The role of individual cytokines and polymorphisms in pneumonia has been described, but 

not the relation between different cytokines and polymorphisms in relation to causative micro-

organisms, antibiotics, corticosteroids and clinical course. This study questions the relation between 

cytokines, polymorphism and clinical characteristics of pneumonia.   

Methods: Patients diagnosed with pneumonia were included in the study. Serum cytokine levels were 

measured during hospital stay, genotyping was performed, causative micro-organisms were identified 

and patients monitored throughout hospital stay. 

Results: In 201 patients with pneumonia, IL-1Ra, IL-6, IL-8 and IL-10 acted as acute phase proteins. 

After admission, the levels of these cytokines decreased rapidly. Single nucleotide polymorphisms 

(SNPs) did not influence cytokine production, or were associated with clinical outcome. Cytokine 

serum levels were significantly higher in patients with pneumococcal pneumonia. The decrease in 

levels of cytokines was independently influenced by the start of corticosteroid therapy.  

Answer to the question: IL-1Ra, IL-6, IL-8 and IL-10 are acute phase proteins, independent of 

genotype. Their levels are influenced by the nature of the causative micro-organism influences and the 

start of corticosteroids therapy.  

 

Key-words (MeSH): chemokines,  cytokines, corticoids, pneumonia, polymorphism 
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List of Abbreviations 

 

CAP: community-acquired pneumonia 

COPD: chronic obstructive pulmonary disease 

CRP: C-reactive protein 

DNA: deoxyribonucleic acid 

ED: emergency department  

ICU: intensive care unit 

IFN-γ: interferon gamma  

IL-1Ra: interleukin-1 receptor antagonist 

IL-1β: interleukin-1 beta 

IL-5: interleukin-5  

IL-6: interleukin-6 

IL-8: interleukin-8 

IL-10: interleukin-10 

IL-12: interleukin-12 

IL-18: interleukin-18 

MCP: monocyte chemoattractant protein 

MIP: macrophage inflammatory protein 

PCR: polymerase chain reaction 

PSI: pneumonia severity index  

RANTES: regulated on activation, normal T-cell expressed and secreted 

Th1: T-helper 1  

Th2: T-helper 2 

TNF-α: tumor necrosis factor alpha 

SNP: single nucleotide polymorphism 

 

 



Introduction 

 

Community-acquired pneumonia (CAP) is the leading cause of community-acquired infection needing 

hospitalization, and has an overall mortality of 8.7%.1  

 

The human immune response to CAP varies between the different causative micro-organisms and 

severities of disease. An important early component of the host response is the release of cytokines, 

produced by inflammatory cells.2;3 In experimental settings, the appearance of cytokines depends on 

the time after induction of endotoxemia. The role of each specific cytokine in the inflammatory 

response to CAP is still a subject of ongoing research. In general, TNF-α and IL-6 are considered 

essential pro-inflammatory proteins, and IL-10 is considered the most important cytokine with anti-

inflammatory properties.2;4-7 These three cytokines are reported to play an important role in the 

susceptibility to experimental pneumonia caused by different pathogens.8-10 Chemokines are cytokines 

locally produced and their main function is to attract and activate macrophages and monocytes, 

thereby making them involved in the primary clearance of various bacteria.11;12  

 

In sepsis, systemic cytokine levels are associated with the severity of disease.13;14 In bacterial 

pneumonia, the cytokine response is mostly confined to  the affected lung, 15-18 but systemic levels of 

cytokines are also raised.15-17;19;20 The severity of pneumonia is both reflected and predicted by higher 

levels of cytokines in blood.16;19-22 Polymorphisms within the genes coding for cytokine expression are 

also associated with severity of disease.14;23-29 

 

The role of individual cytokines and cytokine polymorphisms is well known. In the present study we 

question the relation between cytokines, polymorphisms and clinical characteristics of CP. Therefore, 

we describe the systemic cytokine response of different cytokines and cytokine polymorphisms in 

CAP in relation to causative micro-organisms, the use of antibiotics and corticosteroids and clinical 

course. Furthermore, the role of cytokine polymorphisms on cytokine levels in CAP is reported.  

 



Methods 

 

Patients and controls 

From October 2004 until August 2006, patients with confirmed pneumonia admitted to the emergency 

department (ED) of the St. Antonius Hospital Nieuwegein were included in this study. Pneumonia was 

defined as an new infiltrate on chest X-ray in combination with at least two of the following criteria: 

cough, sputum production, temperature >38°C or <35°C, auscultatory findings consistent with 

pneumonia, C-reactive protein (CRP) >15 mg/l, or leukocytosis or leukopenia (white blood count 

>10x109/L, <4x109/L, respectively, or >10% rods in leukocyte differentiation).30 Patients with defined 

immunodeficiencies (a known congenital or acquired immunodeficiency, chemotherapy within the last 

6 weeks, corticosteroids use in the last 6 weeks (prednisone equivalent >20 mg/daily for more than 3 

days), immunosuppressive medication in the last 6 weeks), hematological malignancies or recent 

hospitalization (< 30 days) were excluded. At inclusion, clinical and laboratory parameters were 

recorded, and the pneumonia severity index (PSI) was calculated. 31 Blood was collected and serum 

samples stored to determine cytokine profiles by multiplex immunoassays (see below). Mortality, ICU 

admission, length of hospital stay, and the causative micro-organism were assessed. Written informed 

consent was obtained from all patients. The study was approved by the institutional Medical Ethical 

Committee.  

 

Pathogen identification 

The diagnostic tools used to identify the causative micro-organism of CAP have been described 

before.32 In short, at least two sets of separate blood, and sputum samples from each patient were 

cultured. Urine antigen tests were performed for the detection of Legionella pneumophila serogroup 1 

and Streptococcus pneumoniae. In-house developed polymerase chain reactions (PCR) were 

performed on the sputum to detect Legionella pneumophila, Mycoplasma pneumoniae, and 

Chlamydophila pneumoniae / psittaci. Serological testing was performed for the presence of 

antibodies to Mycoplasma pneumoniae, Coxiella burnetii, or respiratory viruses (influenza and para-



influenza viruses, adenovirus, respiratory syncytial virus). Pharyngeal samples were taken for viral 

culture (influenza viruses). 

 

Determination of systemic cytokine level 

Systemic circulating concentrations of IL-1Ra, IL-5, IL-6, IL-8, IL-10, IL-12, INF-γ, MIP and MCP 

were measured on day of presentation and subsequent samples were drawn at 8 A.M. on days 2, 3, 5, 

and 10, and at a control visit at least 30 days after admission (convascelent phase). For technical 

details of analysis of cytokine levels see electronic version. To analyze whether these cytokines and 

chemokines act as acute phase proteins, we analyzed the difference in cytokine levels between the 

acute and convalescent phases. An acute phase response was defined as a decrease or increase in the 

cytokine or chemokine level by at least 25% in the acute phase compared to the convalescent phase.33 

 

DNA isolation and genotyping 

A 200-µl whole blood sample was used to extract DNA with the MagNA Pure LC DNA isolation kit I 

(Roche) for genotyping. Genotyping was performed on an Applied Biosystems 7500 Fast Real-time 

PCR system using the TaqMan® technique with customized primers and probes designed by Applied 

Biosystems using the manufacturer�s instructions. Technical details of genotyping, including primer 

sequences are given in Electronic version, part 2. Individual haplotypes were inferred using PHASEv2 

software and analyzed to determine when frequencies exceeded a 5% threshold.34. Distribution of 

genotypes was compared with the distribution of genotypes in 313 healthy unrelated Dutch volunteers 

with the same geographical background as the patients.   

 

Statistical analyses 

All statistical analyses were performed using statistics software (SPSS version 13.0 for Windows, 

Chicago, IL, USA) and a two-tailed p-value of <0.05 was considered significant.  

Differences in continuous variables were tested by the Student�s t test or the Mann-Whitney U test, as 

appropriate. Genotype frequencies of CAP patients were tested for conformity to Hardy-Weinberg 

equilibrium using the χ2 test between the observed and expected numbers. Correlations were tested 



using the Spearman�s test. We conducted a linear regression analysis including age, sex, PSI score, 

chronic obstructive pulmonary disease (COPD), causative micro-organism (pneumococcal vs. non-

pneumococcal), antibiotic therapy prior to hospitalization and the use of corticosteroids and IL-6 

concentration on day 1 to predict IL-6 concentration on day 3 (dependent variable). For this linear 

regression the cytokines were transformed in a natural log scale, because the cytokines were not 

normally distributed. In the linear regression analysis we chose to look at the decrease in IL-6 from 

day 1 to day 3 because all patients using corticosteroids were at least 24 hours on corticosteroids on 

day 3 and because cytokine concentrations decreased the most in the first days. To correct for the 

height of Il-6 on day 1, this is a independent variable in the linear regression. A similar multivariate 

analysis was performed to search for an effect of polymorphisms on cytokine levels, including age, co-

morbidities (COPD and heartfailure) and PSI score. 

 

  

 



Results 

 

In 201 patients, a new infiltrate on X-ray was confirmed by an experienced radiologist. We obtained 

blood for the assessment of cytokine concentrations from 171 of the 201 enrolled patients. DNA was 

isolated from 200 of the 201 patients with CAP. The baseline characteristics of these patients are 

shown in Table 1. In 64% of the patients the causative micro-organism for the CAP could be 

identified. 

 

Cytokine and chemokine serum levels at admission and during hospital stay  

The levels of the 9 cytokines and chemokines (and CRP) were determined at admission and at 

consecutive days.  Figure 1 shows that  the levels of IL-1Ra, IL-6, IL-8, IL-10, and MCP were highest 

at admission. An acute phase response was observed for IL-6 (+1695% as compared to day 30 levels), 

CRP (+1088%), IL-1Ra (+450%), IL-10 (+332%), and IL-8 (+96%) (Figure 2). For MCP (+22%), 

there was a trend towards an acute phase response. In contrast to acute phase cytokines, the levels of 

CRP remained at a high level at day 2 (199 mg/l and  201 mg/l at days 1 and 2 respectively) and 

decreased thereafter. Levels of the other measured cytokines and chemokines did not show an acute 

phase response after admission and during the hospital stay: IL-12 (+6%), INF (+6%), IL-5 (0%), and 

MIP (-4%). We analyzed if there were differences in cytokine response between survivors and a 

combined group of patients (non-survivors and patients who needed admission to the ICU), however 

due to lack of power (only 10 patients deceased and 21 patients were admitted to the ICU), we were 

unable to show statistically significant differences. We did not find a relation between cytokine levels 

and/or kinetics and length of hospital stay.   

 

Polymorphisms  

An analysis of 200 patients with CAP for single nucleotide polymorphisms (SNPs) in the IL-6, IL-8, 

IL-10, IL-18, TNFα and RANTES genes was performed. The group did not deviated significantly 

from the Hardy-Weinberg equilibrium (p>0.05). We did not find differences in distribution of the 

tested SNPs between patients and a control group of Dutch healthy unrelated volunteers (Table 2). 



Neither did we find differences within patients for clinical course, defined as �need of ICU admission�, 

�in-hospital mortality� and �length of hospital stay� between the different tested genotypes.  

 

We found no relation between cytokine levels and polymorphisms, neither in multivariate analysis 

correcting for age, co-morbidities and PSI score. The data do not indicate significantly higher cytokine 

production associated with a specific SNP of IL-6, IL-8 or IL-10 gene. The three SNPs in the IL-10 

gene produced four haplotypes (-1082,-592, +3367: ACG, AAG, GCG and GCA). Each of those IL-10 

haplotypes showed similar magnitudes and kinetics of IL-10 production.  

 

Causative micro-organisms 

We compared the serum cytokine profiles of patients with pneumococcal pneumonia to patients with 

another  identified micro-organism. After adjustments for age, PSI and the use of corticosteroids, IL-6 

levels on admission were significantly higher in patients with pneumococcal pneumonia compared to 

non-pneumococcal pneumonia (p<0.01, Figure 5). Similar results were found for the anti-

inflammatory cytokine IL-1Ra on admission (p<0.01). During the subsequent days, IL-6 and IL-1Ra 

concentrations fell rapidly to the same (elevated) levels of patients with non-pneumococcal 

pneumonia.  

The other cytokine levels did not differentiate between patients with pneumococcal and non-

pneumococcal pneumonia at admission or at the following sample days. Results were similar when we 

compared pneumococcal pneumonia versus atypical pneumonia (Legionella pneumophila, 

Mycoplasma pneumoniae, and Chlamydophila pneumoniae / psittaci ). 

 

Antibiotics 

We combined the causative micro-organisms, found in 128 patients, with the antibiotics used and 

scored the antibiotic therapy as being either appropriate or inappropriate (see the electronic version for 

definitions). After admission, 86% of the patients were treated with an appropriate antibiotic. At days 

2, 3 and 5 this number increased to 86%, 89% and 92%, respectively. We did not find any differences 

in the cytokine levels between patients treated with appropriate or inappropriate antibiotics. The use of 



antibiotics prior to admission had no effect on the levels of cytokines, except for the serum levels of 

IL-6 at admission (p = 0.04), but this effect was lost after multivariate analysis combining antibiotic 

therapy prior to hospitalization, PSI score and causative micro-organism. 

 

Corticosteroids 

Of the 201 enrolled patients, 35 patients were using a corticosteroid upon admission (mean prednisone 

equivalent dose 14 mg/day sd). In 29 patients, corticosteroid treatment was initiated on the day of 

admission to the hospital. In total, corticosteroid therapy (mean prednisone equivalent dose 43 

mg/day) was prescribed for 62 patients after admission (In 2 patients corticosteroid therapy was 

stopped at admission). Patients who were treated with corticosteroids were significantly older (median 

age 72.5 vs. 62 years, p<0.01) and more frequently known to have a history of COPD (74% vs. 11%, 

p<0.01). The PSI also differed between the two groups: the median PSI score was significantly higher 

in patients treated with corticosteroids compared to patients who were not treated with corticosteroids 

(102 vs. 77, p<0.01). 

 

Median serum IL-6 levels were similar on the day of admission, but decreased more rapidly by day 3 

(at least 24 hours on corticosteroids) for the corticosteroid treated group (Figure 3a). On days 2, 3, 5 

and 10, the median IL-6 levels were significantly lower in patients treated with corticosteroids. On the 

day of the control visit, median IL-6 levels had returned to baseline levels and did not differ between 

both groups. After adjusting for age, sex, PSI score, COPD, IL-6 level on day 1, and pneumococcal 

pneumonia, corticosteroid therapy independently influenced IL-6 levels on day 3 (p<0.01, β: -1,2). 

Where exp(-1.23) = 0.29, thus mean Il-6 levels were 70% less for patients using corticosteroids. 

Similar results were found for the IL-1Ra and MCP. IL-10 levels in patients treated with 

corticosteroids were significantly higher at admission. Therefore, in the multivariate analysis we found 

no significant effect of corticosteroid therapy on IL-10 levels on day 3. There was no effect of 

corticosteroid treatment on ICU admission or mortality.  

 



Patients, not receiving corticosteroids on a chronic base, could be divided into two groups who either 

started with corticosteroids five days or less before admission or who started corticosteroids after 

admission (Figure 3b). Age, sex, PSI and history of COPD did not differ between these groups. There 

were no differences in the IL-6 levels at admission or kinetics of the response between the two groups. 

There were no differences in the IL-6 levels at admission or kinetics of the response between patients 

who started corticosteroids five days or less before admission and patients who started corticosteroids 

on admission. Both groups had a significant lower Il-6 level on day 3 compared to patients without the 

use of corticosteroids.  

 

 

 

 

 

 

 

 

 



Discussion 

 

We report a comprehensive analysis of the systemic cytokine response during the clinical course of 

CAP in relation to cytokine polymorphisms, causative micro-organisms, antibiotics, use of 

corticosteroids and clinical course. The major findings of this study are that in patients with CAP, 

serum IL-6, IL-8, IL-1Ra, and IL-10 act as acute phase proteins. After admission, the levels of these 

cytokines decreases rapidly, but SNPs in the IL-6, IL-8, and IL-10 genes (including haplotypes) do not 

influence cytokine production, neither an association was found between cytokine polymorphisms and 

clinical outcome. Distribution of cytokine polymorphisms did not differ between patients (with 

different causative micro-organisms)  and healthy volunteers. IL-6 and IL-1Ra levels are significantly 

higher at admission in patients with pneumococcal pneumonia. Furthermore, the decrease in levels of 

IL-6, IL-1Ra, and MCP on consecutive days was independently influenced by the start of 

corticosteroid therapy. IL-6 and IL-1Ra levels are significantly higher at admission in patients with 

pneumococcal pneumonia. 

 

Next to CRP, IL-6, IL-1Ra, IL-10 and IL-8 were identified as acute phase proteins. No acute phase 

response was observed for IL-5, IL-12, IFN-γ, MCP and MIP. Our results are comparable with former 

findings in human and experimental pneumococcal pneumonia, in which the inflammatory response is 

characterized by an extended pro-inflammatory response resulting in high levels of IL-6 and IL-

1Ra.2;10;13;21;35-37. In this study, cytokines and chemokines were only measured in serum. It might be 

possible that a number of cytokines, and especially chemokines, are up-regulated in the lung itself, but 

not in the systemic circulation15. Our results are limited to systemic inflammatory response as 

measured by serum cytokines.   

 

Admission to the hospital marks initiation of treatment by administration of intravenous antibiotics in 

nearly all patients. In 86% of the patients with a known causative micro-organism, an appropriate 

antibiotic therapy, suitable for eliminating the causative micro-organism, was started in our study. 

Effective tissue concentrations were assured by administering the antibiotics intravenously, so this is 



the most probable explanation for the decrease in cytokines. The sharp decrease in IL-6, IL-8, IL-1Ra, 

and IL-10 within the first 2 days of admission is in contrast with the more blunt kinetics of the CRP 

response. In daily practice, CRP is usually regarded as the most important acute phase protein in CAP. 

It should be noted that the dynamic changes in IL-6 occur earlier than CRP.  

  

In experimental in vitro response to S. pneumoniae, T-helper 1 (Th1) cytokine production (IL-12, INF-

γ) was observed in the early phases of the disease.38-41 However, this was not observed in patients, 

suggesting that Th1 cytokines do not participate in the acute phase response in human (pneumococcal) 

pneumonia. Alternatively, the putative Th1 response could occur in the very early phase of disease, 

and levels of these cytokines returned to normal by the time of presentation to the emergency 

department.  

  

The lack of finding a difference in distribution of cytokine polymorphisms between patients and 

controls could be that other patient characteristics are far more important in susceptibility and clinical 

course of CAP, such as age, medical history and causative micro-organism. For the latter, it is known 

that CAP caused by a specific micro-organism is associated with cytokine polymorphism.26;42;43 

Although we were able to identify causative micro-organism in 64% of the patients, the groups of 

patients with a single causative micro-organism were too small for further analysis.    

 

In healthy volunteers, polymorphisms in cytokine encoding genes determine the magnitude of the 

endotoxin induced systemic cytokine response 44-46 We found no effect of genetic polymorphisms in 

cytokine genes on the ultimate levels or kinetics of the cytokine response in CAP probably due to an 

overwhelming inflammatory-response caused by a high amount of micro-organisms, endotoxins and 

other pro-inflammatory proteins. In healthy volunteers, the cytokine response is stimulated by small 

doses of endotoxins, and without living micro-organisms or other pro-inflammatory proteins. This 

might explain the polymorphism-dependent differences in cytokine responses observed in healthy 

volunteers, but not in patients.     

  



Post-hoc analysis revealed a significant effect of the start of corticosteroid therapy on the levels of IL-

6, IL-1Ra, and MCP (corrected for possible confounders). This decrease is most likely due to the anti-

inflammatory properties of the corticosteroids and is in agreement with previous literature.47;48 

Although, this also may be the effect of up-regulated regulatory cytokines. IL-10 levels were higher at 

admission in patients on pre-hospital corticosteroid therapy compared to patients without. Majority of 

this group of patients (74%) suffered of COPD, which is regarded as a chronic inflammatory disease. 

It is possible that during the early phase of CAP, regulatory cytokines are already in an activated state 

in patients with COPD on corticosteroid therapy 49;50 Patients treated with corticosteroids  shortly 

before admission showed the same decrease in IL-6 levels compared to patients who started 

corticosteroids at admission. This suggests that a low dose of corticosteroids may not be sufficient to 

decrease cytokine levels.  Prospective, larger scale trials are warranted to evaluate the effect of 

corticosteroids on cytokine kinetics and outcome.  

 

In pneumococcal pneumonia, IL-6 and IL-1Ra play a more prominent role in the innate immune 

response than in CAP caused by other micro-organisms. One reason could be that Streptococcus 

pneumoniae is an extracellular pathogen and causes a more invasive disease.51 A number of the other 

causative pathogens are intracellular bacteria and therefore the nature of the cytokine response will 

differ.52;53 An alternative, but not mutually exclusive explanation is that the clinical course of 

pneumococcal pneumonia is more rapid and severe: Patients would therefore present themselves at the 

hospital shortly after or at the peak of the cytokine storm. We did however not find differences in the 

length of the period between the first clinical signs until hospital admission in pneumococcal and non-

pneumococcal patients.  

 

Inadequate antibiotic treatment may influence the kinetics of the cytokine response. The causative 

pathogen was identified in 64% of the patients, and in the majority of the patients, adequate treatment 

was given. Inadequate treatment was initially only given to patients with atypical bacteria, such as 

Mycoplasma pneumoniae. These patients normally have a mild disease probably with a modest 

cytokine storm and therefore the results will be mildly influenced.  



 

Main limitations of this study are the different nature of the causative micro-organisms, the lack of a 

validated clinical score to reflect severity of disease during hospital stay and a lack of power to predict 

clinical outcome. As shown, the cytokine response differs in patients dependent of the causative 

micro-organism of CAP.  Relations between cytokine levels, polymorphism and clinical 

characteristics could be clearer in a group of patients with one causative micro-organism. Our study is 

underpowered to perform analysis in subgroups (for example: patients with pneumococcal 

pneumonia). Another limitation is the lack of a validated score system for severity of disease. As we 

were interested in the level of cytokine response in relation to severity of disease. PSI at admission is a 

score to predict mortality and appeared not to be useful a as score for severity of disease during 

hospital stay. At last, due to a low mortality rate and few ICU admissions we were unable to show an 

association between cytokine levels and outcome.  

 

In conclusion, we show that IL-6 and IL-8, together with IL-1Ra and IL-10 act as acute phase proteins 

in CAP; IL-6 is a more accurate biomarker for the follow-up of CAP than CRP. Genotype does not 

influence the levels of cytokine production in CAP. Furthermore, the systemic cytokine response is 

influenced by the causative micro-organism and the cytokine response can be reduced by the use of 

corticosteroids in patients with CAP.  
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Electronic version: 

 

Electronic version, part 1: 

Each sample was drawn into pyrogen-free vials, and, within 2 hours, the serum was separated by 

centrifugation and stored at -80 °C. Cytokine concentrations were determined by multiplex 

immunoassay using a 10-plex human cytokine kit from BioRad Laboratories (Hercules, CA, 

USA).(1+2) The assay was performed according to the manufacturer�s instructions, and  was run and 

analysed on a Bio-Plex 100 Suspension Array System (BioRad).  

 

 1: de Jager W, te Velthuis H, Prakken BJ et al. Simultaneous detection of 15 human cytokines in a 

single sample of stimulated peripheral blood mononuclear cells. Clin Diagn Lab Immunol 

2003; 10(1):133-139. 

2: de Jager W, Prakken BJ, Bijlsma JW et al. Improved multiplex immunoassay performance in 

human plasma and synovial fluid following removal of interfering heterophilic antibodies. J 

Immunol Methods 2005; 300(1-2):124-135. 

 

Electronic version, part 2: 

Genotyping was performed with TaqMan genotyping technology using the manufacturers 

protocol. Sequences of primers and probes are given below. Negative controls consisted of 

ddH2O added to the reaction mix. And were added to the PCR plate as well. 

 

 

 

 

 



Table: primers and probes 

SNP Primers Probes 

GACGACCTAAGCTGCACTTTTC CTTTAGCATCGCAAGAC IL-6 -174 G/C  

(RS1800795) GGGCTGATTGGAAACCTTATTAAGATTG CTTTAGCATGGCAAGAC 

GCCTTGAAGTAACTGCACGAAATT AACAGCCGCTCACAG IL-6 -572 G/C 

(RS1800796) CCAGTCATCTGAGTTCTTCTGTGTT TACAACAGCCCCTCACAG 

GTTCTAACACCTGCCACTCTAGTAC AAGCATACAATTGATAATT IL-8 -251 T/A  

(RS4073) CATTTAAAATACTGAAGCTCCACAATTTGGT AGCATACATTTGATAATT 

CCAAGACAACACTACTAAGGCTTCT CCTACTTCCCCCTCCCAA IL-10 -592 C/A  

(RS1800872)  GCTGGATAGGAGGTCCCTTACTTT CCTACTTCCCCTTCCCAA 

GCCCTTCCATTTTACTTTCCAGAGA CCCGCCTGTCCTGTAG IL-10 -1082 G/A  

(RS1800896) GGTAAAGGAGCCTGGAACACATC CCGCCTGTACTGTAG 

GCAGAGTTTGATGAAAAGACATTAGAGGAA CTCTCACCGTCTTGC IL-10 +3367 G/A  

(RS3024495) TTGGTGGGAGAACACAGACATTTAA CTCTCACCATCTTGC 

CACAGAGCCCCAACTTTTACG ACTATTTTCATGAAATCTTTTCT IL-18 -137 G/C  

(RS187238) GGCAGAGGATACGAGTACTTCTTTT TTTTCATGAAATGTTTTCT 

CAGTCAGTGGCCCAGAAGAC CTCGGAATCGGAGCAG TNFα -238 G/A  

(RS361525) CCCTCACACTCCCCATCCT CTCGGAATCAGAGCAG 

TGCTTCATGGCAGGGATCTC 
 

TTTTTCTGTCTTTAAGGTCTAC 
 

RANTES 1.1 G/A  

(RS2280789) GTGAACACCTGTAGGCCTTGAG CTGTCTTCAAGGTCTAC 

 

 

 



Electronic version, part 3: 

Antibiotics in CAP defined as appropriate or inappropriate therapy according to the most frequently 

identified causative micro-organism (for further information see reference 31). 

 Streptococcus 

pneumoniae1 

Haemophilus 

influenzae2 

Legionella 

pneumophilia 

Mycoplasma 

pneumoniae 

Staphylococcus 

aureus3 

Penicillin + - - - - 

Amoxicillin + + - - - 

Amoxicillin- 

clavulanate 

+ + - - + 

Cephalosporins + + - - + 

Macrolides - - + + - 

Quinolones - + + - - 

+ = appropriate, - = inappropriate antibiotic therapy 

1 all S. pneumoniae penicillin sensitive, 2 all H. influenzae amoxicillin sensitive, 3 no MRSA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1 

Table legend: General characteristics of 201 hospitalized patients with community-acquired 

pneumonia* 

Median age, y (SD) 63.7 ±17 

Sex, male 124 (62) 

Co-morbidity  

- Diabetes Mellitus 35 (17) 

- CVA  17 (9) 

- COPD 63 (31) 

- Hypertension 38 (19) 

Nursing home residents 3 (1) 

Pneumonia Severity Index:    

- Low I 30   (15) 

- Low II 34   (17) 

- Low III 53   (26) 

- Moderate IV 56   (28) 

- High V 28   (14) 

ICU admission  21 (10) 

Mortality 10   (5) 

Microbiological species:  

- Streptococcus pneumoniae 60 (30) 

- Haemophilus influenzae 14 (7) 

- Legionella pneumophila 9 (4)  

- Mycoplasma pneumoniae 9 (4) 

- Other 36 (18) 

- Unknown 73 (36) 



*: Data represent the number (percentage) of observations unless otherwise indicated. 

 

Table 2 

Table legend: Distribution of polymorphisms in patients with CAP and healthy unrelated volunteers. 

SNP (RS-number) Genotype CAP (n = 200), N (%) Control s (n = 313), N 

(%) 

IL-6 -174 G/C 

(RS1800795)1 

GG 

GC 

CC 

83 (42) 

92 (46) 

25 (13) 

113 (36) 

150 (48) 

48 (15) 

IL-6 -572 G/C 

(RS1800796)1 

GG 

GC 

CC 

184 (92) 

15 (8) 

1 (1) 

283 (91) 

28 (9) 

0  

IL-8 -251 T/A 

(RS4073)2 

TT 

TA 

AA 

46 (23) 

94 (47) 

59 (29) 

62 (20) 

153 (49) 

98 (31) 

IL-10 -592 C/A 

(RS1800872) 

CC 

CA 

AA 

115 (57) 

70 (35) 

15 (8) 

173(55) 

126 (40) 

14 (5) 

IL-10 -1082 G/A 

(RS1800896) 

GG 

GA 

AA 

54 (27) 

90 (45) 

56 (28) 

74 (24) 

170 (54) 

69 (22) 

IL-10 +3367 G/A 

(RS3024495) 

GG 

GA 

AA 

134 (67) 

63 (31) 

3 (2) 

225 (72) 

77 (25) 

11 (3) 

IL-18 -137 G/C 

(RS187238) 

GG 

GC 

CC 

109 (55) 

79 (40) 

12 (6) 

168 (54) 

121 (39) 

24 (8) 



TNFα -238 G/A 

(RS361525)  

GG 

GA 

AA 

187 (93) 

12 (6) 

1 (1) 

286 (91) 

29 (8) 

1 (0) 

RANTES 1.1 G/A 

(RS2280789) 

GG 

GA 

AA 

3 (2) 

51 (25) 

146 (73) 

10 (3) 

76 (24) 

227 (73) 

1: 2 controls missing, 2: 1 patient missing



Figure 1 

 

Figure legend:  

 

Median plasma cytokine concentrations with the interquartile range on subsequent days  

 

 

 

 

 



1 2 3 5 10 30
0

100

200

300

400

Day

M
ed

ia
n 

IL
-6

, p
g/

m
l

1 2 3 5 10 30
0

100

200

300

400

Day

M
ed

ia
n 

C
R

P,
 m

g/
l

1 2 3 5 10 30
0

20

40

60

Day

M
ed

ia
n 

IL
-8

, p
g/

m
l

1 2 3 5 10 30
0.0

0.5

1.0

1.5

Day

M
ed

ia
n 

IL
-5

, p
g/

m
l

1 2 3 5 10 30
0

500

1000

1500

2000

Day

M
ed

ia
n 

IL
-1

ra
, p

g/
m

l

1 2 3 5 10 30
0

5

10

15

Day

M
ed

ia
n 

IL
-1

2,
 p

g/
m

l

1 2 3 5 10 30
0

2

4

6

8

10

Day

M
ed

ia
n 

IL
-1

0,
 p

g/
m

l

1 2 3 5 10 30
0

100

200

300

400

Day

M
ed

ia
n 

IN
F-
γ ,

 p
g/

m
l

1 2 3 5 10 30
0

50

100

150

Day

M
ed

ia
n 

M
C

P,
 p

g/
m

l

1 2 3 5 10 30
0

2

4

6

8

10

Day

M
ed

ia
n 

M
IP

, p
g/

m
l

 



Figure 2 

 

Figure legend:  

 

Dynamics of the measured cytokines in CAP patients. The relative change (percent) of the cytokines 

in the acute phase of disease compared to the convalescent phase is plotted. The cut-off for positive 

(+25%) and negative (-25%) acute phase responses are plotted (drawn line). Data points of  individual 

patients are shown as open circles; horizontal bars indicate median values. Positive acute phase 

responses are indicated in the upper panel on a logarithmic scale; negative acute phase responses are 

indicated in the lower panel on a linear scale. 
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Figure 3 

 

Figure legend:  

 

The effect of corticosteroids on IL-6 response 

 

3a: Median IL-6 levels (in ln scale) for patients on corticosteroid therapy that was started because of a 

pulmonary infection within 5 days prior to admission or at the ED during admission (corticosteroids) 

and patients who did not use corticosteroids at all (no corticosteroids) are plotted. After adjusting for 

age, sex, PSI score, COPD, IL-6 level on day 1, and pneumococcal pneumonia, corticosteroid therapy 

independently influenced IL-6 levels on day 3 (p<0.01) 

 

3b: Median IL-6 levels (in ln scale) for patients on corticosteroid therapy that was started because of 

the pulmonary infection 5 or less days before hospital admission (corticosteroid pretreatment), patients 

who started corticosteroids at the time of hospital admission (corticosteroids at admission), and 

patients who did not use corticosteroids at all (no corticosteroids) are plotted. No statistically 

significant differences in IL-6 levels on admission or during hospital stay were seen between  the two 

groups on corticosteroid therapy. In both groups IL-6 levels on day 3 were independently influenced 

by corticosteroids (p<0.01). 
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