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Abstract

The patient was a 67-year-old man with diabetes mellitus who had been to a hot spring spa a few days be-
fore his admission. The diagnosis of Legionella pneumonia was made using a urinary antigen assay. Intrave-
nous pazufloxacin and oral clarithromycin were started. However, despite these treatments, he developed
acute respiratory distress syndrome (ARDS). He was administered the combination of intravenous pazuflox-
acin and erythromycin, corticosteroid, and sivelestat for two weeks. Then he was successfully recovered. The
outcome suggests that treatment with corticosteroid and sivelestat, in addition to a combination of appropriate
anti-Legionella antibiotics, should be considered for patients with severe Legionella pneumonia with ARDS.
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Introduction

Legionella is a cause of both community and nosocomial
pneumonia. A recent study found that it accounted for 3.9%
of community-acquired pneumonia in Japan (1), and that the
number of reported legionellosis cases is increasing. A delay
of starting of appropriate therapy for Legionella pneumonia
significantly increases mortality (2). Therefore, the early ad-
ministration of appropriate antibiotics is most important for
successful treatment. Unless anti-Legionella antibiotics are
selected, the mortality of legionellosis has been reported to
be 60-70%; the use of appropriate antibiotics decreases mor-
tality to 10-20%.

In general, Legionella pneumonia is a potentially fatal
pneumonia that develops rapidly. We report a case of severe
Legionella pneumonia that was successfully treated with an-
tibiotics, corticosteroid, and the neutrophil elastase inhibitor,
sivelestat. The management of Legionella pneumonia is also

reviewed.

Case Report

In November 2005, a 67-year-old man with diabetes mel-
litus was admitted to our hospital with high fever, dyspnea,
and productive cough. He had visited a hot spring spa four
days before admission. Physical examination on admission
included: height, 160 cm; weight, 56.5 kg; temperature,
38.6C blood pressure, 120/54 mmHg; pulse rate, 96 beats
per minute, regular; and respiratory rate, 33 breaths per min-
ute. The patient’s palpebral conjunctivae did not appear ane-
mic, and his bulbar conjunctivae were not icteric. The heart
sounds were normal, but inspiratory coarse crackles were
heard in the left lung.

Laboratory findings on admission included (Table 1):
white blood cell (WBC) count, 12,090/ul (neutrophils
87.3%, lymphocytes 7.9%, basophils 0.1%, eosinophils
0.1%, monocytes 4.6%); total bilirubin, 0.5 mg/dl; aspartate
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Table 1. The Patient’s Admission Laboratory Data
Hemogram Serological test
WBC 12090/ 11 CRP 29.48 mg/dl
seg 87.3%
€o 0.1% Arteial blood gas (room air)
boso 0.1% pH 7.499
lymp 7.9% PaO, 52.3Torr
mono 4.6% PCO,, 35.0 Torr
RBC  454x10%pul HCO, 27.0 mEq/1
Hgb 13.1 g/dl BE - 4.3 mEq/l
Ht 39.3%
Plt 16.3x10%/ 11
ESR 60/92 mm/ h Bacterial test
sputum
Blood chemistry bacterial : smear -, culture -
TP 5.8 g/dl mycobacteria : smear-, cultu re —
Alb 3.1g/dl
T.bil 0.4mg/dl Urine antigen test
AST 181U/ Legionella pneumophila positive
ALT 131U /1 Streptococcus pneumoniae negative
LDH 186 IU /1
ALP 168IU /1
r-GTP 62101
BUN 13.8mg/dl
Cre 1.1mg/dl
Na 133.2mEq/l
K 4.3mEq/1
Cl 94.2mEq/1
GLU  335mg/dl
HbAlc 6.9mg/dl
aminotransaminase (AST), 18 IU/l; alanine aminotrans- obtained bronchoscopically to determine the causative mi-

aminase (ALT), 13 IU/I; lactic dehydrogenase (LDH), 186
IU/1; creatine kinase (CK), 71 IU/l; blood sugar, 335 mg/dl;
HgbAlc, 6.9%; and C-reactive protein (CRP), 29.48 mg/dl.
Arterial blood gas analysis on room air showed: PaO, 52.3
mmHg, PaCO; 35.0 mmHg, HCO” 27.0 mM, BE 4.3 mM,
Sa0, 89.4%, and pH 7.499.

Chest X-ray on admission showed a consolidation shadow
with an air bronchogram in the left lung field (Fig. 1). On
chest CT, consolidation with air bronchogram was noted in
the left lower lobe (It S9, S10), and minimal left pleural ef-
fusion was observed (Fig. 2).

Sputum smear and culture yielded no significant mi-
crobes, and testing for urinary antigen to pneumococci
(NOW:‘E Streptococcus pneumoniae; Binax, Inc., Portland,
ME, USA) was negative. The test for urinary antigen to Le-
gionella pneumophila serogroup 1 (NOW® Legionella; Bi-
nax, Inc.) became positive; based on this finding, Legionella
pneumonia was diagnosed, even though the sputum culture
results were negative.

A fluoroquinolone, pazufloxacin (PZFX) 1 g per day, was
given intravenously, and clarithromycin (CAM) 400 mg was
given orally. However, no effect was noted, and the lung le-
sion showed rapid progression. The day after admission, the
Pa0O./FiO, (P/F) ratio decreased from 261.5 to 167.2. On the
3rd hospital day, the WBC count was 15,410/ul, and the
CRP was 35.87 mg/dl; on the 5th hospital day, the WBC
was 8,850/ul, and the CRP was elevated to 36.46 mg/dl. The
patient’s hypoxemia increased, and there was marked pro-
gression of the bilateral shadows on chest X-ray, suggestive
of ARDS. The patient was placed on mechanical ventilation.
When mechanical ventilation was started, a specimen was

croorganism; however, culture of the aspirated fluid showed
no significant growth of organisms, including Legionella
spp- The antibiotics were changed to erythromycin (EM)
600 mg per day, PZFX 1 g per day, and biapenem (BIPM)
0.6 g per day intravenously. Corticosteroid pulse therapy,
consisting of methylprednisolone 500 mg per day for 3
days, 250 mg per day for 3 days, and then 125 mg per day
for 3 days, was given. Sivelestat (an inhibitor of neutrophil
elastase) 300 mg per day was added for 2 weeks. On chest
X-ray, the worst infiltrates were found on the 5th hospital
day. After the 9th hospital day, the radiographic findings
gradually improved, and on the 12th hospital day, the pa-
tient was taken off the ventilator.

The patient’s CRP decreased to 2.54 mg/dl on the 9th
hospital day, and after two weeks of PZFX and EM treat-
ment, the patient’s chest X-ray improved. When PZFX was
stopped, EM monotherapy was continued. However, on the
19th hospital day, the patient’s CRP level increased again to
8.07 mg/dl; thus, the EM was stopped, and intravenous
ciprofloxacin (CPFX) was given. His general condition, as
well as radiographic and laboratory findings, gradually im-
proved, and the CPFX was given for 10 days. The urinary
antigen to Legionella pneumophila serogroup 1 became
negative on the 30th hospital day. The time-course of events
that occurred during his hospitalization is presented in
Fig. 3.

Discussion

We successfully treated the patient with severe Legionella
pneumonia with ARDS using a combination of fluoroquin-
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Figure 1. Chest roentgenogram on admission shows con-

solidation in the left lower field.

Figure 2. Chest CT on admission shows consolidation, an

air bronchogram, and interstitial change in the left lower
lobe.

PZFX 1,000mg/day IV

CPFX 600mg/day IV
BT.  lcam 400mg po| EM 1500mg/day IV
39
BIPM 600mg/day IV
18 | Sivelestat 300mg/day IV
C Corticosteroid IV >
v A A
N VI\WN/N V¥V hd
O:inhalation : :
Oz inhalation
36 { Mechanical ventilation I:l—‘
X ]
Date Nov. 16th 18 21 23 24 25 28 29 Dec. 5th 12 16
Urinary Ag (+) (+) )
PaO,(mmHg) 52.3 519 79.6 634 76.1 99.9
P/F raio 261.5 103.8 132.7 181.1 253.7 333.0
WBC(/ul) 12090 15410 8850 13380 11530 7760 6210 4370
CRP(mg/dl) 29.48 35.87 36.46 15.52 2.54 8.07 1.50 0.93

’05-Nov-16

(On admission)

’05-Nov-21
(5t day)

Figure 3. The patient’s clinical course.

olone, erythromycin, corticosteroid, and sivelestat.
Legionella spp. are intracellular pathogens; thus, antibiot-

ics with adequate intracellular penetration are more likely to

be efficacious. The minimal extracellular concentration in-

’05-Nov-25
(9t day)

-

’05-Dec-5
(19t day)

’05-Dec-12
(26t day)

hibiting intracellular growth of bacteria (MIEC) is important
for evaluating intracellular antimicrobial activity. MICs of [3-
lactams for L. pneumophila are low, but the MIECs are
high. For example, the MIC of carbapenems is 0.125 pg/ml,
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while the MIEC is >64 pg/ml (3). This suggests that [3-
lactams, which do not efficiently penetrate into host cells,
are not clinically effective. In contrast, both the MICs and
MIECs of macrolides and fluoroquinolones are low. How-
ever, the effect of a representative macrolide, erythromycin,
is only bacteriostatic (4). On the other hand, fluoroquin-
olones have greater bactericidal activity and better intracel-
lular penetration than macrolides (3).

In patients with Legionella pneumonia treated with either
CPFX (n=9) or EM (n=18), there were significant differ-
ences in the duration of pyrexia. However, normalization of
leukocytosis and a 50% decrease in the C-reactive protein
(CRP) level occurred in a relatively shorter time frame in
the group treated with CPFX than in the group treated with
EM. Furthermore, the duration of antibiotic treatment was
significantly shorter in those treated with CPFX than in
those treated with EM (5). Both the guidelines of the
American Society for Microbiology (6) and the American
Thoracic Society recommend new injectable macrolides, in-
cluding AZM and intravenous fluoroquinolone, as the first
choice treatment for Legionella pneumonia (7). In Japan,
only EM of the macrolides and CPFX and PZFX of the
fluoroquinolones injectable anti-
Legionella antibiotics.

The MICs of CPFX and PZFX are 0.032 pg/ml; these are
better than the MICs of macrolides (EM, CAM, AZM). The
MIECs of PZFX and CPFX are reported to be 0.063 pg/ml
and 0.032 pg/ml, respectively (3). The intracellular penetra-
tion rate of CPFX into neutrophils is approximately twice as
that of PZFX (8). Both CPFX and PZFX (9) are reported to
be clinically effective. However, there are no clinical ran-
domized studies that have compared the efficacy and safety
of CPFX and PZFX. In the western countries, levofloxacin
(LVFX) given by injection is recommended as the drug of
first choice for the treatment of severe pneumonia including
legionellosis. The MIEC of LVFX is better than that of
CPFX and PZFX. Furthermore, LVFX has been shown to
have a better postantibiotic effect (PAE) against L. pneumo-
phila strains compared to other antimicrobials, including
CPFX, AZM, and EM (10). Injectable LVFX will be avail-
able within a few years in Japan.

In mild to moderate Legionella pneumonia cases, anti-
Legionella antibiotic monotherapy may be adequate; how-
ever, in severe cases, the combination of antibiotics and
other immunomodulators should be considered. The in vitro
activities of combination antimicrobial therapy against
Legionella spp. Have been studied (11). Synergy occurred
to a significantly greater extent for the CAM-LVFX and
AZM-LVFX combinations compared to the EM-LVFX com-
bination. The AZM-LVFX combination had a significantly
greater synergy than did either the EM-CPFX combination
or the CAM-CPFX combination. Combination therapy in-
volving the new macrolide and fluoroquinolone appears to
be an ideal regimen. The present patient was started on
CAM-PZFX and then switched to EM-PZFX, which re-
sulted in substantial improvement. However, to date, there

are now available as

are no clinical or experimental data dealing with the effec-
tiveness of the combination of PZFX and macrolides. In this
case, BIPM was added to the EM-CPFX combination ther-
apy on the 5th hospital day, since mixed bacterial infection
was not excluded when considering his initial clinical
course. However, no microbial organism was detected by
bronchoendscopy examination, but Legionella urinary anti-
gen was positive.

Corticosteroids are an important natural inhibitor of in-
flammation and are sometimes used to suppress life-
threatening systemic inflammation. High-dose corticosteroid
pulse therapy is reported to be effective for treating severe
Legionella pneumonia (12). Recently, a randomized, con-
trolled study found that chronic, low-dose corticosteroid
therapy was effective in patients with severe community-
acquired pneumonia (13). Thus, in these patients, low-dose
corticosteroid therapy appears to be ideal. In the present
case, methylprednisolone was given for 9 days. On the other
hand, the long-term use of corticosteroids is immunosup-
pressive. At present, the optimal dose and duration of corti-
costeroid treatment have not been determined.

Patients with Legionella pneumonia frequently develop
acute respiratory distress syndrome (ARDS). The present pa-
tient developed ARDS on the 5th hospital day. It was re-
ported that KL-6 levels were elevated in plasma from pa-
tients with ARDS (14). In this case, KL-6 level was within
normal limited as 427 U/ml (normal range: <500 U/ml) on
admission. On the other hand, serum soluble IL-2 receptor
(sIL-2R), a marker of lymphocyte activation, as IL-6 and
IL-8, was reported to be significantly higher in patients with
subsequent acute lung injury (ALI) (15). In this case,
sIL-2R was elevated at 905 U/ml on admission, although
IL-6 and IL-8 were not examined. Since little is known
about the mechanism of ARDS in Legionella pneumonia,
the analysis and evaluation of serum cytokines including
KL-6 and interleukins are required in clinical studies.

Neutrophil elastase is thought to be an important mediator
of acute lung injury. This suggests that inhibiting the activ-
ity of the enzyme could prevent the development and pro-
gression of ARDS. Sivelestat is a specific inhibitor of neu-
trophil elastase that was developed by Ono Pharmaceutical
Co. Ltd in Japan. It is reported that the inhibitor of neutro-
phil elastase, sivelestat, plays a protective role in the lung
with ischemia-reperfusion injury (16), lipopolysaccharide-
induced injury (17), and bleomycin-induced fibrosis (18). Its
effect on acute lung injury in clinical trials remains contro-
versial (19). On the other hand, there are some case reports
of severe Legionella pneumonia cases that were treated suc-
cessfully with antibiotics, corticosteroid, and sivelestat (20,
21). No clinical trials of sivelestat involving patients with
severe Legionella pneumonia have been undertaken. Taking
into account the mechanism of sivelestat, sivelestat could be
a valuable immunomodulator. Further investigations are war-
ranted to evaluate the role that corticosteroids and sivelestat
could play in of patients with
Legionella pneumonia.

the treatment severe
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The severity of Legionella pneumonia tends to be under-
estimated during the early stage. In the present case, the se-
verity was estimated as moderate on the time of admission;
however, ARDS developed a few days later despite the early
administration of appropriate therapy. Tan et al reported that,
despite appropriate therapy and initial clinical improvement,
more than half of patients showed worsening of the infiltrate
and pleural effusion within the first week (22). Thus, pa-
tients with Legionella pneumonia should be observed in

hospital. In mild cases, monotherapy with oral fluoroqui-
nolones, AZM, or telithromycin (23) may be adequate.
However, even such patients should be hospitalized, since
Legionella pneumonia can rapidly deteriorate. In moderate
cases, intravenous fluoroquinolone monotherapy or combina-
tion therapy with intravenous fluoroquinolone and a new
macrolide should be given. In more severe cases, the addi-
tion of corticosteroid and sivelestat should be considered.
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