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Introduction
!

Despite antibiotic treatment, community-ac-
quired pneumonia remains a disease with consid-
erable morbidity and mortality [1]. A study of the
German competence network on community-ac-

quired pneumonia (CAP), CAPNETZ, revealed that
13.8% of patients hospitalized with CAP die [2].
For decades, most studies investigating the etiolo-
gy of CAP have identified Streptococcus pneumo-
niae as the most frequent pathogen in CAP [3].

* for the CAPNETZ Study Group
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Abstract
!

Background: Pneumococcal pneumonia is still an
important cause of mortality. The objective of this
study was to compare frequency, clinical presen-
tation, outcome and vaccination status of patients
with pneumococcal community-acquired pneu-
monia (CAP) to CAP due to other or no detected
pathogen based on data of the German Network
for community-acquired pneumonia (CAPNETZ).
Methods: Demographic, clinical and diagnostic
data were recorded using standardized web-
based data acquisition. Standardized microbiolo-
gical sampling and work-up were conducted in
each patient.
Results: 7400 patients with CAP from twelve clin-
ical centers throughout Germany were included.
In 2259 patients (32%) a pathogen was identified,
Streptococcus pneumonia being the most frequent
(n=676, 30% of all patients with identified patho-
gens). Compared to those with non-pneumococ-
cal pneumonia, patients with pneumococcal
pneumonia were more frequently admitted to
hospital (80% vs. 66%, p<0.001), had higher
CURB score values on admission, had more fre-
quently pleural effusion (19% vs. 14%, p=0.001)
and needed more frequently oxygen insufflation
(58% vs. 44%, p<0.001). There was no relevant
difference in overall mortality.
Conclusions: Pneumococcal pneumonia was asso-
ciatedwith amore severe clinical course demand-
ing more medical resources as compared to non-
pneumococcal pneumonia.

Zusammenfassung
!

Hintergrund: Trotz Verfügbarkeit wirksamer
Antibiotika ist die Pneumokokkenpneumonie
weiterhin mit einer relevanten Mortalität belas-
tet. In der vorliegenden Arbeit wurden Häufig-
keit, Symptomatik, Verlauf und Impfstatus von
Patienten mit ambulant erworbener Pneumonie
mit und ohne Nachweis von Pneumokokken ver-
glichen.
Methoden: Demographische, klinische und diag-
nostische Daten wurden über ein internet-ba-
siertes Formular erfasst. Bei jedem Patienten
wurde eine standardisierte mikrobiologische Di-
agnostik durchgeführt.
Ergebnisse: 7400 Patienten mit ambulant er-
worbener Pneumonie wurden in 12 deutschen
Studienzentren eingeschlossen. Bei 2259 Patien-
ten (32%) wurde ein Erreger identifiziert, dabei
wurden Pneumokokken am häufigsten nachge-
wiesen (n=676, 30% aller Patienten mit Erreger-
nachweis). Patienten mit Pneumokokkennach-
weis wurden häufiger hospitalisiert (80% vs 66%,
p<0.001), hatten einen höheren CURB-Punkt-
wert bei Studieneinschluss, entwickelten häufi-
ger einen Pleuraerguss (19% vs 14%, p=0.001)
und benötigten häufiger eine Sauerstoffinsuffla-
tion (58% vs 44%, p<0.001). Es gab keinen signifi-
kanten Unterschied in der Letalität.
Schlussfolgerung: Patienten mit Pneumokok-
kenpneumonien zeigten einen schwereren Ver-
lauf und erforderten eine komplexere medizi-
nische Versorgung als Patienten, bei denen keine
Pneumokokken nachgewiesen wurden.
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Most recent studies confirmed the impact of this pathogen and
revealed that molecular methods are of increasing importance
in the diagnosis of pneumococcal pneumonia [4]. Besides influ-
enza, S. pneumoniae is currently the only pathogen in commu-
nity-acquired pneumonia that can be targeted by a licensed vac-
cine [5].
Since the mortality of pneumococcal pneumonia has not been
changing for many years despite available antimicrobial agents
with proven in vitro activity [6–8], prevention of pneumococcal
infection by vaccination seems to be a rational approach in order
to further decrease the public burden of disease.
This analysis aims to investigate the characteristics, course and
outcome of patients with pneumococcal pneumonia who were
enrolled into the CAPNETZ cohort between 2002 and 2008 and
compares them to patients with non-pneumococcal pneumonia.
To describe the burden of pneumococcal pneumonia, patients
were divided into two groups: patients with pneumococcal
pneumonia (CAP-P) and patients in whom other, non-pneumo-
coccal pathogens or no pathogens were detected (CAP-nP).

Patients and Methods
!

Patient population
The inclusion criteria for the CAPNETZ study were age≥18 years,
the presence of a new infiltrate on chest radiography, and at least
1 of the following criteria: history of fever (temperature≥38.3°C),
cough, production of purulent sputum, or focal chest signs on
auscultation. Patients who had been hospitalized during the 28
days preceding the study because of severe immunosuppression
or active tuberculosis were excluded. The study was approved by
the ethical review board of each participating clinical center, and
all patients included gave informed consent.

Data collection
In this prospective study, all demographic, clinical and diagnostic
data of the patients were recorded using standardizedweb-based
data acquisition. The study period comprised 79 months starting
on 1st June 2002 and ending 31st December 2008.
Pneumococcal vaccination status was considered positive when
patients had received pneumococcal vaccine within the last 5
years prior to enrollment.

Processing of samples
All available respiratory specimens and blood cultures were im-
mediately processed in the local microbiology laboratories of the
participating clinical centers. Gram staining and culturewere per-
formed for all respiratory samples. Validated sputum, blood cul-
ture samples, pleural fluid, and undiluted and serially diluted tra-
cheobronchial aspirates, protected-specimen brush (PBS), and
broncho-alveolar lavage fluid (BAL) samples were plated on
blood-sheep agar, CDC anaerobic blood agar and chocolate agar.
Undiluted PBS and BAL fluid samples were also cultured on char-
coal-yeast extract agar if Legionella spp. was suspected. All Gram-
negative pathogens were identified to species level according to
standardmethods.Urinewas tested for thepresence of S. pneumo-
niae and Legionella spp. antigens using the Binax Now test and
Legionella Now test (Binax Inc), respectively. Standardized throat
washings of all patients using sterile 0.9%NaClwere sent immedi-
ately to the German reference center for influenza in Berlin.

RNA extraction and complementary DNA (cDNA)
synthesis
Viral RNA was extracted using a commercial kit (QIAamp Viral
RNA Kit, Qiagen, Hilden, Germany). Briefly: 150 μL of clinical spe-
cimen (throat swab, nasal swab or gargle) were mixed with an
equal volume of lysis buffer AL, heated for 15min at 70°C and ap-
plied to a spin column. Unbound material was removed by sever-
al washing steps, and the RNA eluted using 50 μL of RNAse-free
water. The cDNA synthesis was carried out at 37°C for 1 hour
using 10 μL of RNA, 100 U of murine leukemia virus reverse tran-
scriptase {Gibco BRL, Life Technologies GmbH, Karlsruhe, Ger-
many), 10 mM dithiothreitol, 150 μM (each) dATP, dCTP, dGTP,
and dTTP [20 U RNAsin (Promega, Germany)] and 0.25 μM ran-
dom hexamer primers}.

PCR and sequence analysis
The TaqMan-PCR was carried out in a 96-well flat-bottomed mi-
crotiter plate format (Perkin-Elmer). The PCRmixwasmade up to
a volume of 25 μL, containing 5 μL of cDNA, 50 mM Tris-hydro-
chloride, pH 9, 50 mM KCl, 4 mM MgCl2, 0.2 mM (each) dATP,
dCTP, dGTP dUTP, 0.5 units uracil-N-glycosylase (UNG) (Gibco
BRL, Life Technologies, Germany), 1.25 units Taq DNA polymer-
ase (InViTek, Berlin, Germany), 0.25 μM each of the forward and
reverse primer, 0.2 μMof a fluorescence-labelled probe and 1 μM
ROX as passive reference. Virus identification and further subtyp-
ing was carried out as described previously with some modifica-
tions (primer and probe sequences on request) [9]. The cDNAwas
amplified by 45 two-step cycles (1min 92°C, 1min 60°C). The
amplification in the TaqMan-PCR was followed on the ABI
PrismTM 7700 Sequence Detector (Applied Biosystems, Foster
City, Calif. USA). The plate was scanned at 518nm (FAM) and
582nm (TAMRA). Data acquisition analysis was handled by using
the Fluorescence Data Manager (Perkin-Elmer) and Excel (Micro-
soft Corporation, Redmond,WA) spreadsheets. ROXwas used as a
passive reference to which the reporter dye signal was normal-
ized (Rn) during data analysis.

Definitions
S.pneumoniaewas considered as pathogenwhen (i) isolated from
blood cultures or pleural fluid cultures or (ii) in the presence of a
good quality sputum revealing>25 polymorphonuclear cells and
<10 epithelial cells per power field (total magnification×100)
and predominant growth in culture of sputum (≥106 cfu) or BAL
(≥104 cfu/mL) or (iii) when the antigen was detected in urine.
Analyses were based on the fact whether S. pneumoniae was de-
tected in anymicrobiological assay or not: “S. pneumoniae detect-
ed” (CAP-P) or “non-S.pneumoniae detected” (CAP-nP).

Statistical analysis
Comparisons between groups were performed by means of the
chi square test for categorical variables or Fisher’s exact test in
case of small expected frequencies and analysis of variances (AN-
OVA) for continuous variables including multiple comparisons.
Multivariate analysis of predictive factors for 30-day mortality
and CAP due to S. pneumoniaewas performed using binary logis-
tic regression analysis. All analyses were performed with SPSS
software (SPSS 10.0, Chicago, IL). All tests of significance were 2-
tailed, and alpha was set at 0.05.
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Results
!

Demographic characteristics, co-morbidities, risk factors
and pneumococcal polysaccharide vaccination
Overall, 7400 patients with community-acquired pneumonia
from twelve clinical centers throughout Germany were included
in our analysis from 2002 to 2008.The 4108 male and 3202 fe-
male patients had amean age of 60 ± 18 years. Sixty-nine percent
of the patients were hospitalizedwhen first contacted for partici-
pation in CAPNETZ. Eight percent of the patients were nursing
home residents. Severity scores as assessed by CURB were avail-
able for 88.5% of the patients and distributed as follows: CURB 0
(35%), 1 (35%), 2 (15%), 3 (4%) and 4 (0.5%), respectively (missing
data 9.5%). Two hundred and sixty-three patients (3.6%) required
mechanical ventilation.
Altogether, 238 patients (4.7%) died within 30 days after diagno-
sis. 180-day mortality was 9.5% (in 6.7% of the patients these
data were not available).
Demographic characteristics and co-morbidities are displayed in
●" Table1. CAP-P patients were significantly more often smokers
and sufferedmore often from hepatic and respiratory co-morbid-
ities.

General microbial patterns
In 387 patients data on microbiological testing were not avail-
able; these patients were excluded from further analysis.
In 2259 of the remaining 7013 patients (32.2% of all patients) a
definite pathogen causing CAP could be identified.
S. pneumoniae was confirmed as the predominant respiratory
pathogen in the study population (29.9% of all patients with a
causative pathogen identified): it was detected as single patho-
gen in 529 patients and in additional 147 patients with polymi-
crobial infections. Of the 147 patients with polymicrobial infec-
tions, S. pneumoniae was classified as the leading pathogen in
106 cases.
In the “CAP-nP” group other pathogens were detected in 1583
patients with Mycoplasma pneumoniae as the most frequent pa-
thogen (46%) followed by Legionella pneumophila (17%), influen-
za viruses (10%) and Haemophilus influenzae (7%). All other pa-
thogens accounted for less than 5%, respectively, of all CAP with
identified pathogens. In 4754 patients all microbiological analy-
ses remained negative.

Microbiological detection of S. pneumoniae infections
In 434 of 676 (64%) patients with pneumococcal pneumonia,
the pneumococcal antigen was detected in urine. In 182 patients
(27%) pneumococci were detected in sputum, and in 85 patients
(13%) there was a positive blood culture.

Signs, symptoms, chest-X-ray, laboratory values and
CURB classification on admission
CAP-P patients presented more frequently with confusion, dys-
pnoea, fever and thoracic pain, and had more often purulent spu-
tum. The proportion of CAP-P patients in CURB classes 2, 3 and 4
was higher and for CURB class 0 lower than for CAP-nP patients
(●" Fig.1). Chest X-rays at the day of enrollment revealed more
frequently parapneumonic effusion in CAP-P patients. CRP, BUN,
WBC, serum glucose were significantly increased whereas serum
sodium level was decreased in CAP-P patients (●" Table 2).

Clinical course and outcome
Significantly more patients with pneumococcal pneumonia re-
quired hospitalization, mechanically ventilation and oxygen in-
sufflation (●" Table 3).
There was no significant difference regarding mortality between
the groups. Chi square testing for CAP-P versus CAP-nP and death
within 7, 14, 30 and 180 days revealed no statistically significant
difference (●" Table 4). However, there was a trend for increased
mortality in the CAP-P group within the first 30 days. According-
ly, survival curves demonstrate an earlier sharper decrease in the
CAP-P group (●" Fig.2).
75.9% of the non-survivors in the CAP-P group died within the
hospital (5.6% at home and 7.4% in nursing home) compared to
66.1% of non survivors in the CAP-nP group (9.9% at home and
10.1% in nursing home).

Table 1 Demographics and risk factors.

CAP-P CAP-nP Statistics

Mean age [years ± SD] 59.8 ± 17.8 59.7 ± 18.4 n.s.

Mean BMI [kg/m2 ± SD] 24.4 ± 4.6 25.7 ± 5.3 n.s.

Males 55.5% 55.8% n.s.

Smokers 40.2% 30.0% p<0.001

Nursing home residents 7.4% 7.2% n.s.

Cadiac co-morbidities 16.7% 18.6% n.s.

Diabetes mellitus 18.0% 16.0% n.s.

Renal co-morbidities 7.6% 8.2% n.s.

Hepatic co-morbidities 5.9% 3.1% p<0.001

Respiratory co-morbidities 39.4% 35.4% p<0.05

Cerebral co-morbidities 9.8% 11.1% n.s.

0,50 %
4

6,21 %
3

33,39 %
0

41,28 %
1

18,62 %
2

0,42 %
4

3,33 %
3

40,35 %
0

40,28 %
1

15,61 %
2

0
1
2
3
4

CAP-nPCAP-P

Fig.1 CURB classification on admission.

Table 2 Signs, symptoms, chest-X-ray, laboratory values on admission.

CAP-P CAP-nP Statistics

Confusion 13.4% 9.2% p=0.001

Dyspnoea 78.9% 73.4% p=0.002

Purulent sputum 66.8% 55.5% p<0.001

Fever 63.3% 56.8% p=0.001

Pleural effusion on chest X-ray 18.7% 13.9% p=0.001

WBC (103/µL) 15.3 12.2 p < 0.001

C-reactive protein (mg/L) 202 111 p <0.001
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Vaccination status
There were no significant differences regarding vaccination:
31.6% of the CAP-P and 35.4% of the CAP-nP patients had been
vaccinated against influenza within the past 12 months. Pneu-
mococcal polysaccharide vaccination within the past 5 years
was received by 11.4% of the CAP-P patients and 12.1% of the
CAP-nP patients.
There was no significant difference regarding pneumococcal
polysaccharide vaccination between CAP-P and CAP-nP, survi-
vors and non-survivors, and out- and inpatients, respectively
(●" Table 5). A subanalysis of patients older than 60 years – in
Germany influenza and pneumococcal polysaccharide vaccina-
tion are recommended for all people at the age of 60 and above
− also revealed no relevant advantage of the pneumococcal poly-
saccharide vaccination for patients with CAP-P: 5 of 53 vaccina-
ted patients died (8.6%) versus 23 of 235 unvaccinated patients
(8.9%). In contrast, vaccinated patients had a significantly de-
creased rate of pneumococcal bacteraemia (OR 0.28, 95%CI 0.09
to 0.90) (●" Table 6).

Eighty-five percent of patients who had received the pneumococ-
cal polysaccharide vaccination were also vaccinated against in-
fluenza whereas only 66% of patients who had not received the
pneumococcal polysaccharide vaccine were vaccinated against
influenza (chi square p<0.001).

Discussion
!

In patients with moderate to severe CAP, morbidity andmortality
remain a global problem: short-term mortality reaches 14% (7%
if nursing-home residents and bedridden patients are excluded),
and long-term mortality 50% within five years [10]. While past
studies revealed that prompt initiation of expanded-spectrum
antimicrobial therapy is essential for the prevention of unneces-
sary mortality and complications in patients, particularly in the
elderly and other at-risk populations [11], new preventive strate-
gies are needed to accomplish a reduction in CAP incidence and
to reduce morbidity and mortality. To analyse the burden of
pneumococcal pneumonia in adults and to investigate the impact
of the available pneumococcal vaccine in the past decade, charac-
teristics, course and outcome of patients with pneumococcal
pneumonia were studied.
This analysis is based on data of the German Network for Com-
munity Acquired Pneumonia (CAPNETZ), one of the largest pro-
spective surveillance studies for the management of inpatients
and outpatients with CAP worldwide. In contrast to other large
surveillance studies, only patients with radiologically confirmed
pneumonia are included. In fact, our data are in line with other
studies showing that S. pneumoniae remains the most frequent
pathogen in CAP, regardless of concerned patient group [12] (for
review see [3]). Despite this, we did not detect a higher overall
mortality in pneumococcal pneumonia patients compared to
those with other or no detected pathogens. However, patients
with pneumococcal pneumonia had a significant more severe
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Fig.2 Survival rate (Kaplan-Meier) of patients with CAP-P and CAP-nP.

Table 3 Clinical course.

Parameters CAP-P CAP-nP Statistics

Hospitalization 79.7% 66.2% p<0.001

Supplementary oxygen 58.2% 43.9% p<0.001

Mechanical ventilation
(invasive and non-invasive)

5.0% 2.7% p=0.001

Table 4 Outcome.

CAP-P CAP-nP

30 day mortality 4.9% 4.0%

180 day mortality 7.5% 8.2%

Died at hospital 75.9% 66.3%

Died at nursing home 7.4% 10.1%

Died at home 5.6% 9.9%

All comparisons were not significantly different.

Table 5 Impact of vaccination by PPV-23 on hospitalization and outcome.
Patients with missing data on vaccination status, hospitalization status or
outcome were excluded.

CAP-P CAP-nP

survived
(n, %)

died
(n, %)

survived
(n, %)

died
(n, %)

Not
vaccinated

480 (95.0%) 25 (5.0%) 4539 (92.2%) 383 (7.8%)

Vaccinated 61 (91.0%) 6 (9.0%) 661 (93.5%) 46 (6.5%)

Outpatient
(n, %)

Inpatient
(n, %)

Outpatient
(n, %)

Inpatient
(n, %)

Not
vaccinated

117 (21.8%) 419 (78.2%) 1840 (36.0%) 3273 (64.0%)

Vaccinated 19 (27.5%) 50 (72.5%) 267 (36.8%) 459 (63.2%)

All comparisons were not significantly different.

Table 6 Impact of vaccination by PPV-23 on rate of pneumococcal bacte-
raemia (Chi-square, p = 0.022), OR=0.28 (95%CI 0.09 − 0.9); 728 patients
(9.8%) with missing data on vaccination status were excluded.

PPV-23 status Pneumococcal bacteraemia?

no yes

Not vaccinated 5774 (98.7%) 75 (1.3%) 5849 (100%)

Vaccinated 820 (99.6%) 3 (0.4%) 823 (100%)
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course of disease, e.g., more frequently parapneumonic effusion,
higher CURB score on admission − CURB was chosen instead of
CRB-65 because wewanted to assess the severity of disease inde-
pendently of age. Age is a predictor of mortality, but not a param-
eter of severity by itself, andmore resources (hospitalization, me-
chanical ventilation, oxygen insufflation) were required to treat
these patients. An analysis regarding length of stay for hospital-
ized patients was not performed because the length of hospital
stay may be biased by economical factors of the German re-
imbursement system.
While PPV-23 vaccination protects − according to a Cochrane
meta-analysis − against invasive pneumococcal diseases (OR
0.26, 95% CI 0.15 to 0.46) such as bacteraemic pneumonia, data
on non-bacteraemic pneumonia are inconclusive [13–16]. In
elderly nursing-home residents in Japan (mean age>84 years), a
randomized controlled trial recently demonstrated a benefit for
PPV-23 in regard of the prevention of pneumococcal pneumonia
[17].
Our data are in line with these findings, with PPV-23 vaccinated
patients exhibiting a significantly reduced rate of pneumococcal
bacteraemia with an OR similar to that of -analysis mentioned
above (OR.28, 95%CI 0.09 to 0.90). In our study, only a minority
of patients with an indication for pneumococcal and influenza
vaccination had actually received these vaccinations. This may
explain the limited protective effect of PPV-23 in regard of mor-
tality or hospitalization: Due to the low vaccination rate an un-
derlying selection bias towards individuals with more co-mor-
bidities cannot be excluded and could result in higher mortality
in vaccinated patients. However, in both pneumococcal and non-
pneumococcal pneumonia, vaccination rates were similar. De-
spite the possible selection bias, these findings are in line with
several meta-analyses and a recently published cohort study
demonstrating minor or no efficacy of PPV-23 in regard of non-
invasive pneumococcal pneumonia [13–16].
Our analysis is limited by following issues: severity and outcome
of disease are influenced by three factors: pathogen, patient and
treatment. Since certain patient characteristics and risk factors
predispose for certain pathogens (e.g., M. pneumoniae is more
frequently diagnosed in younger patients) [18] it is difficult −

even with a large data base − to asses the contribution of an indi-
vidual pathogen to outcome in comparison to all other causes of
CAP. Another factor influencing our results is caused by different
sensitivity and specificity of microbiological methods for certain
pathogens. Particularly, the sensitivity of diagnostic procedures
to detect S.pneumoniae is insufficient [19, 20]. The reader should
be aware that within the CAP-nP group there may be numerous
patients with pneumococcal pneumonia that has not been de-
tected despite blood culture, sputum culture and urine antigen
test. However, due to the different characteristics of patients in-
fected with certain pathogens (e.g., significantly younger age of
patients infectedwithMycoplasma spp.)we used our group strat-
ification, which may present an approach more reflecting every
day clinical practice.
In conclusion, S. pneumoniaewas the most frequent cause of CAP
in our study. Pneumococcal pneumonia was associated with a
more severe course demanding more medical resources than
non-pneumococcal pneumonia.
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