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1. Introduction

Community-acquired pneumonia (CAP) continues, even nowa-
days, to be one of the most common causes of morbidity and
hospitalization worldwide. Epidemiologic studies show that in the
combined cause-of-death category, pneumonia ranks third as the
leading cause of death in Japan. Because of this high morbidity and
mortality, the Japanese Respiratory Society (JRS) has been devel-
oping its guidelines since 1998, and updated pneumonia guidelines

were published in 2017 [1]. Of pathogens that are of consequence in
patients with CAP, Legionella and Streptococcus pneumoniae are the
two leading causes of severe CAP and are associated with high
mortality, and rapid identification of the disease-causing organism
is important [1e3].

Currently available diagnostic tests include detection of Legionella
spp. by culture, polymerase chain reaction (PCR) or loop-mediated
isothermal amplification method in respiratory samples and Legion-
ella pneumophila antigen testing in urine. These tests lack sensitivity,
in addition the urine antigen test only identified L. pneumophila
serogroup 1 [4]. Thus, many researchers have investigated and pro-
posed diagnostic predictors of Legionella CAP, because several clinical
signs and symptoms suchas bradycardia, impaired consciousness and
gastrointestinal symptoms aremore seen in Legionella CAP compared
with non-Legionella CAP [5e10]. However, the independent diag-
nostic predictors of Legionella CAP differ among reports [6e12]. The
differences may result from comparison of CAP due to different
causative pathogens. In addition to comparison of CAP, the sample
size of the Legionella CAP populations in previous studies were small.

The aimof this studywas to analyze initial clinical and laboratory
parameters with a larger Legionella CAP population and compare
themwith different types CAP patients with S. pneumoniae, which is
the most common form of bacterial CAP, and Mycoplasma pneu-
moniae, which is the most common atypical pneumonia [1] and
thereby to identify reliable diagnostic predictors of Legionella CAP.

2. Materials and methods

2.1. Study population

In 2006, the Japanese Society for Chemotherapy (JSC) inaugu-
rated a Legionella Committee to improving the management of
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Legionella CAP. Between December 2006 and November 2011, 176
cases of Legionella CAP were recorded throughout Japan [13]. A
complete list of participating facilities is provided in the appendix.
For comparison we used 217 cases of S. pneumoniae CAP and 202
cases of M. pneumoniae CAP who were diagnosed during study
period. Cases of pneumonia mixed with other microorganisms
were excluded from this study. To identify diagnostic predictors of
Legionella CAP, we used baseline parameters as reported previously
[13]. The study protocol was approved by the Ethics Committee at
Kawasaki Medical School.

2.2. Statistical analysis

To estimate the potential clinical relevance of clinical and lab-
oratory parameters to diagnose Legionella CAP, we used likelihood-
ratio tests and univariate and multivariate logistic regression
models. Thereby, outcomes were either Legionella CAP or non-
Legionella CAP. For all independent variables in multivariate
analysis, we calculated receiver-operating-characteristics (ROC)
with the area under the ROC curve (AUC) being an overall diag-
nostic measure. The contribution of each potential predictors was
denoted by an odds ratio (OR) and associated 95% confidence in-
terval (CI).

3. Results

3.1. Clinical predictors of Legionella CAP when the comparison CAP
was S. pneumoniae

To assess the diagnostic reliability of clinical signs, symptoms
and laboratory parameters to identify Legionella CAP patients, we
calculated univariate logistic regression analysis (Table 1) with all
parameters that were significantly different between Legionella and
S. pneumoniae CAP patients on presentation. Furthermore, to
identify independent predictors of Legionella, we calculated
multivariate logistic regression analysis (Table 1).

Multivariate analysis identified four clinical parameters: dys-
pnea (OR 6.26, 95% CI 3.36e11.67, p < 0.001), absence of cough (OR
0.24, 95% CI 0.10e0.57, p ¼ 0.0013); male (OR 3.56, 95% CI
1.69e7.49, p < 0.001); and current smoking history (OR 3.01, 95% CI
1.48e6.12, p¼ 0.0023), and three laboratory parameters: C-reactive
protein (CRP) (OR 1.07, 95% CI 1.04e1.11, p < 0.001); sodium (OR
0.87, 95% CI 0.81e0.93, p< 0.001); and lactate dehydrogenase (LDH)
(OR 1.05, 95% CI 1.02e1.08, p ¼ 0.0022) as independent predictors
of Legionella CAP.

3.2. Clinical predictors of Legionella CAP when the comparison CAP
was M. pneumoniae

Multivariate analysis identified five clinical parameters: age (OR
1.09, 95% CI 1.05e1.14, p < 0.001); dyspnea (OR 13.30, 95% CI
3.29e53.76, p < 0.001); absence of cough (OR 0.02, 95% CI
0.01e0.18, p < 0.001), male (OR 5.81, 95% CI 1.16e29.08, p ¼ 0.007);
and mental manifestation (OR 62.51, 95% CI 2.99e1308.98,
p ¼ 0.007), and three laboratory parameters: CRP (OR 1.18, 95% CI
1.09e1.28, p < 0.001); WBC count (OR 1.05, 95% CI 1.03e1.08,
p < 0.001); and sodium (OR 0.81, 95% CI 0.70e0.95, p < 0.001) as
independent predictors of Legionella CAP (Table 2).

3.3. Clinical predictors of Legionella CAP when the comparison CAP
was both S. pneumoniae and M. pneumoniae

Multivariate analysis identified four clinical parameters: dys-
pnea (OR 6.41, 95% CI 3.52e11.67, p < 0.001); absence of cough (OR
0.21, 95% CI 0.09e0.47, p < 0.001); male (OR 3.79, 95% CI 1.84e7.77,

p < 0.001); and current smoking history (OR 3.04, 95% CI 1.56e5.93,
p < 0.001), and three laboratory parameters: LDH (OR 1.05, 95% CI
1.02e1.08, p < 0.001); CRP (OR 1.08, 95% CI 1.05e1.12, p < 0.001);
and sodium (OR 0.85, 95% CI 0.80e0.91, p < 0.001) as independent
predictors of Legionella CAP (Table 3).

4. Discussion

In this study, we analyzed the clinical and laboratory parameters
of a large sample population with Legionella CAP and compared
them with different CAP types, comprising the most common
bacterial pneumonia and atypical pneumonia. Predictably, we
found differences in the diagnostic predictors of Legionella CAP
when the different causative pathogens were compared.

Fiumefreddo and colleagues identified six clinical and labora-
tory parameters, comprising high body temperature (>39.4 �C),
high levels of CRP (>187 mg/L), high levels of LDH (>225 mmol/L),
low platelet counts (<171 � 109/L), low serum sodium concentra-
tion (<133 mmoL/L), and absence of sputum production, as inde-
pendent predictors of Legionella CAP [11]. The ROC showed a high
diagnostic accuracy for this diagnostic score with an AUC of 0.86
[11]. Haubitz and colleagues also showed excellent discrimination
of these six parameters with an AUC of 0.91 (95% CI, 0.87e0.94)
[12]. The results from multivariate analysis from three studies on
six clinical parameters for predict Legionella CAP are summarized in
Table 4.

Among the six parameters, two parameters, namely high levels of
CRP (>187mg/L) and lowserumsodiumconcentration (<133mmoL/
L), showed reproducibility in all three studies (Table 4). To estimate
the clinical usefulness of these parameters, ROC curves using the six
original parameters and the two reproducible parameters in the
three studies, CRP and sodium, were calculated (Fig. 1). The AUC of
diagnostic scores were almost identical between two methods with
0.84 (95% CI, 0.80e0.87, p < 0.001) in six original parameters and
0.84 (95% CI, 0.81e0.88, p < 0.001) in two reproducible parameters.
Thus, CRP and sodium may be good diagnostic predictors of
Legionella CAP not only in Western countries but also in Japan.

The remaining two parameters among the six original parame-
ters, high levels of LDH and high body temperature, showed repro-
ducibility in two studies including our study. In our study,
discrepancy results were observed with these two parameters be-
tween the comparison CAPdue to S. pneumoniae andM. pneumoniae.
LDH was identified in S. pneumoniae CAP but not identified in
M. pneumoniae CAP by multivariate analysis. Body temperature was
identified in S. pneumoniae CAP but not identified inM. pneumoniae
CAP by univariate analysis. It is well known that one of clinical fea-
tures of M. pneumoniae CAP is high fever [14,15]. Thus, high body
temperaturewas not a reliable diagnostic predictor of Legionella CAP
when the comparison CAP was M. pneumoniae.

Low platelet counts and absence of sputum production showed
no reproducibility. These parameters were only identified in the
original study [11], and our result supported the Haubitz's result
[12]. In particular, low platelet counts were not identified in either
the univariate analysis or multivariate analysis in both studies.

Male, current smoking history, dyspnea, and absence of cough
were newly identified as independent predictors of Legionella CAP
in our study. It is well known that one of clinical features of
M. pneumoniae CAP is paroxysmal cough [14,15]. Thus, the absence
of cough might be affected by M. pneumoniae CAP. Discrepancy in
the results were observed in current smoking history in the com-
parison of CAP due to S. pneumoniae and M. pneumoniae. This
parameter was identified in S. pneumoniae CAP but not in
M. pneumoniae CAP using the multivariate analysis. The remaining
two parameters were possibility of peculiar to Japanese patients
because these parameters showed no differences in the comparison
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