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Background. The Infectious Diseases Society of America recommends either a fluoroquinolone or a macrolide as a first-line an-
tibiotic treatment for Legionella pneumonia, but it is unclear which antibiotic leads to optimal clinical outcomes. We compared the ef-
fectiveness of fluoroquinolone versus macrolide monotherapy in Legionella pneumonia using a systematic review and meta-analysis.

Methods. We conducted a systematic search of literature in PubMed, Cochrane, Scopus, and Web of Science from inception 
to 1 June 2019. Randomized controlled trials and observational studies comparing macrolide with fluoroquinolone monotherapy 
using clinical outcomes in patients with Legionella pneumonia were included. Twenty-one publications out of an initial 2073 unique 
records met the selection criteria. Following PRISMA guidelines, 2 reviewers participated in data extraction. The primary outcome 
was mortality. Secondary outcomes included clinical cure, time to apyrexia, length of hospital stay (LOS), and the occurrence of 
complications. The review and meta-analysis was registered with PROSPERO (CRD42019132901).

Results. Twenty-one publications with 3525 patients met inclusion criteria. The mean age of the population was 60.9 years and 
67.2% were men. The mortality rate for patients treated with fluoroquinolones was 6.9% (104/1512) compared with 7.4% (133/1790) 
among those treated with macrolides. The pooled odds ratio assessing risk of mortality for patients treated with fluoroquinolones 
versus macrolides was 0.94 (95% confidence interval, .71–1.25, I2 = 0%, P = .661). Clinical cure, time to apyrexia, LOS, and the oc-
currence of complications did not differ for patients treated with fluoroquinolones versus macrolides.

Conclusions. We found no difference in the effectiveness of fluoroquinolones versus macrolides in reducing mortality among 
patients with Legionella pneumonia.

Keywords.  Legionella pneumonia; Legionnaire’s disease; macrolides; fluoroquinolones.

The incidence of Legionella pneumonia continues to increase 
worldwide. In the United States, 7500 cases were reported to the 
Centers for Disease Control and Prevention in 2017 [1], up from 
6079 in 2015 [1] and 6141 in 2016 [2]. Mortality ranges from 
9% to 25% [3–9] and is higher among intensive care unit (ICU) 
patients. Among primarily waterborne diseases, treatment of 
Legionella pneumonia has the highest cost per episode and totals 
$434 million per year in the United States, with the cost of a single 
episode of illness ranging from $26 741 to $38 363 [10].

The Infectious Diseases Society of America recommends ei-
ther a fluoroquinolone or a macrolide as first-line treatment for 
Legionella pneumonia. Older macrolides such as erythromycin 

have been replaced by newer macrolides (eg, azithromycin) 
and fluoroquinolones including levofloxacin and moxifloxacin 
[11]. Appropriate antibiotic treatment improves clinical out-
comes; however, it is unknown which antibiotic offers better 
outcomes. This is an important question considering potential 
drug side effects. Fluoroquinolones are associated with adverse 
effects such as increased risk of Clostridioides difficile infection, 
tendinopathy, and neurologic effects (eg, altered mental status) 
[12–14]. The frequent use of fluoroquinolones for treatment of 
Legionella pneumonia has implications for these side effects and 
antibiotic stewardship [15, 16].

Observational studies have compared macrolides and 
fluoroquinolones for the treatment of Legionella pneumonia 
[6–8, 17, 18], but high-quality evidence to support the choice of 
macrolides or fluoroquinolones is sparse due to the absence of 
large randomized controlled trials (RCTs) [19]. A  2014 system-
atic review of 879 patients in 12 studies compared macrolides 
and fluoroquinolones for treating Legionella pneumonia [20] and 
found that fluoroquinolones were associated with a shorter length 
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of hospital stay (LOS), a trend towards reduced mortality, a greater 
likelihood of clinical cure, a shorter time to apyrexia, and a lower 
rate of complications from Legionella pneumonia [8, 18]. Since the 
publication of the 2014 systematic review, newer studies have com-
pared fluoroquinolones and macrolides in Legionella pneumonia 
treatment. We thus undertook a systematic review and meta-
analysis to compile data from more recent studies and a larger pa-
tient population to evaluate the effectiveness of fluoroquinolones in 
comparison to macrolides for treatment of Legionella pneumonia.

METHODS

Data Sources and Search Strategy

With the help of a research librarian, we searched Scopus, 
Cochrane Central Register of Controlled Trials, PubMed, and 
Web of Science from inception through 1 June 2019. Gray lit-
erature was excluded. We conducted a “Legionella pneumonia” 
query that included search terms to identify fluoroquinolones, 
macrolides, and individual drugs in each drug category, with 
other terms for Legionella pneumonia such as “legionnaires’ 
disease” and “legionellosis.” We also searched for all RCTs 
comparing fluoroquinolones and macrolides for the treat-
ment of Legionella pneumonia, substituting “pneumonia” for 
legionellosis and other Legionella pneumonia–related terms 
to increase the sensitivity of the search. No language restric-
tion was applied; for data retrieval from studies in a language 
other than English, we sought the help of an individual fluent 
in the relevant language. Records were identified by re-
viewing references of included articles. The complete search 
methodology is included as Supplementary Table 1. We con-
ducted this review in conformity with PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) 
guidelines [21], and registered the protocol with PROSPERO 
(CRD42019132901) [22].

Study Selection

Two authors (A. S. J. and J. S. M) independently screened each 
article by reviewing titles and abstracts using an online tool, 
Rayyan [23]. We narrowed our search results to records that 
compared fluoroquinolones and macrolides for the treatment 
of pneumonia. The full text of the remaining records was re-
viewed to apply the inclusion and exclusion criteria and iden-
tify articles for the final qualitative synthesis and meta-analysis. 
Any conflicts were resolved through discussion and review by a 
third author (N. S.).

For the inclusion criteria, only RCTs, cluster-randomized 
trials, and quasi-experimental and observational human studies 
that compared fluoroquinolones versus macrolides for the treat-
ment of pneumonia were included. Studies that did not com-
pare the effects of both antibiotics were excluded. We included 
studies conducted in settings such as inpatient, outpatient, or 
ICU. For a study to be included, the diagnosis of Legionella 

had to be confirmed using urinary antigen testing, culture of 
lower respiratory tract secretions, serology, or polymerase chain 
reaction.

Data Extraction and Risk-of-Bias Assessment

We extracted data on the following: patient population, country 
of study, number of patients included, antimicrobial agents 
used, clinical outcomes, severity of pneumonia assessed by the 
Fine score [24], and adverse effects.

The primary outcome was mortality. Secondary outcomes 
were clinical cure; time to apyrexia; LOS; the occurrence of 
complications, including respiratory complications (pleural 
effusion, respiratory failure, and need for mechanical ventila-
tion); need for vasopressor support in hemodynamic instability; 
and acute renal failure.

Risk of bias was assessed using the Modified Downs and 
Black risk-assessment scale [25]. This scale consists of 27 items 
assessing study characteristics such as internal validity (bias 
and confounding), statistical power. and external validity. Two 
authors (A. S.  J.  and J.  S. T.) conducted the bias assessments 
independently and a third author (N. S.) adjudicated any dis-
agreements. Publication bias was assessed using a funnel plot 
and Egger’s test.

Data Synthesis and Analysis

We performed a standard meta-analysis using “METAN” com-
mand in Stata software, version 14.0 (Stata Corp., College 
Station, TX). We used the DerSimonian and Laird method 
to obtain estimates of the average intervention effect and the 
heterogeneity of intervention effects across studies using a 
random-effects model [26]. Heterogeneity of the incidence 
rate ratio across studies was evaluated using the I2 statistic 
[26]. We calculated the risk of categorical outcomes—death, 
clinical cure, and complications—using odds ratios (ORs). 
Patients treated with fluoroquinolones or macrolides were 
stratified according to the presence or absence of the outcome 
of interest. In addition, we conducted subgroup analysis com-
paring mortality following use of fluoroquinolones versus 2 
commonly used macrolides: azithromycin and clarithromycin. 
Other subgroup analyses—for example, comparing specific 
fluoroquinolones such as levofloxacin and moxifloxacin versus 
macrolides—were not conducted due to limited data in the 
original studies.

We used standard mean differences to compare the LOS and 
time to apyrexia between fluoroquinolones and macrolides. 
For each outcome, the average estimate was calculated only for 
studies that provided data. Meta-regression could not be per-
formed for disease severity or ICU admission status as strati-
fied mortality rates were not reported. However, we conducted 
analysis for 3 ICU studies that provided mortality data. We con-
sidered P values < .05 to be statistically significant. All analyses 
were conducted using Stata version 14.0 (StataCorp).
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RESULTS

The search yielded 2861 records, 788 duplicates, and 2073 
unique records. After review of titles and abstracts, 1872 were 
found to be ineligible. Full-text review was done for 201 arti-
cles; 103 did not have data on Legionella pneumonia and were 
excluded. Figure  1 shows a full list of reasons for exclusion. 
Ultimately, 21 studies met our inclusion criteria.

Study characteristics for the 21 publications are shown in Table 1. 
Eighteen were observational studies and 3 were RCTs. Single-center 
studies represented 8 of 21 studies and the rest were multisite studies. 
Eleven studies reported the number of patients who were treated in 
the ICU; in 4 of these, all patients diagnosed with Legionella pneu-
monia presenting with severe symptoms were treated in the ICU. 
The rest did not provide details regarding ICU management. Six of 
21 included studies were conducted among adult patients, the rest 
of the studies did not report the age of patients studied.

Risk-of-Bias Assessment

The risk-of-bias assessment is reported in Supplementary 
Figure 1. The average Downs and Black score was 21, with a 

range between 17 and 25. A higher score indicates less bias. Four 
studies had scores less than 21 generally due to confounding, 
selection bias, and deficits in reporting outcomes. The 3 RCTs 
had the lowest risk of bias (24–25).

Visual inspection of the funnel plot (Supplementary Figure 
2) and Egger’s test (P = .946) did not demonstrate evidence of 
publication bias.

Patient Characteristics in Included Studies

Data from 3525 patients from the 21 studies were analyzed 
(see Table 1 for characteristics of patients in each individual 
study). The number of patients treated with fluoroquinolones 
was 1636 of 3525 (46.4%), whereas 1889 of 3525 patients 
(53.6%) were treated with macrolides. Seventeen studies re-
ported the specific fluoroquinolones used for treatment, with 
levofloxacin being the most commonly administered (908 
patients). Other fluoroquinolones used were ciprofloxacin 
(19 patients), pefloxacin (7 patients), ofloxacin (7 patients), 
trovafloxacin (7 patients), pazufloxacin (2 patients), and 
sparfloxacin (1 patient). Among the 16 studies that reported 

Figure 1. Summary of evidence search and study selection. Abbreviation: RCT, randomized controlled trial.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa441#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa441#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa441#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa441#supplementary-data


1982 • CID 2021:72 (1 June) • Jasper et al

Ta
bl

e 
1.

 
M

ai
n 

Ch
ar

ac
te

ri
st

ic
s 

of
 th

e 
St

ud
ie

s 
In

cl
ud

ed
 in

 th
e 

A
na

ly
si

s

N
um

be
r 

of
 P

at
ie

nt
s 

W
ith

 L
eg

io
ne

llo
si

s
A

ge
nt

(s
) U

se
d 

(n
) W

ith
  

D
os

ag
e 

an
d 

D
ur

at
io

n
M

ea
n 

A
ge

,  
ye

ar
s

Pr
op

or
tio

n 
of

 
M

en
, %

U
nd

er
ly

in
g 

 
D

is
ea

se
, n

 (%
)

Fi
ne

 S
co

re
  

≥4
, n

 (%
)

Tr
ea

tm
en

t 
 

in
 IC

U
, n

 (%
)

S
tu

dy
S

tu
dy

  
D

es
ig

n
P

la
ce

 o
f 

S
tu

dy
S

et
tin

g
Q

M
Q

M
Q

M
Q

M
Q

M
Q

M
Q

M

R
is

k-
of

-B
ia

s 
S

co
re

D
ou

rn
on

  
19

90
 [2

7]
R

et
ro

sp
ec

-
tiv

e 
ob

se
r-

va
tio

na
l 

st
ud

y

Fr
an

ce
M

ul
tic

en
te

r
7

20
P

E
F,

 0
.8

 g
/d

ay
E

R
Y,

 0
.8

 g
/d

ay
N

R
49

.8
N

R
70

N
R

N
R

N
R

N
R

N
R

N
R

22

Lo
de

  
19

95
 [2

8]
R

an
do

m
-

iz
ed

 c
on

-
tr

ol
le

d 
tr

ia
l

Fr
an

ce
, 

G
er

-
m

an
y,

 
It

al
y,

 U
K

, 
B

el
gi

um
, 

G
re

ec
e,

 
Is

ra
el

, 
N

et
he

r-
la

nd
s,

 
an

d 
S

pa
in

M
ul

tic
en

te
r

1
7

S
P

X
, 4

00
 m

g 
lo

ad
in

g 
 

fo
llo

w
ed

 b
y 

20
0 

m
g 

ev
er

y 
m

or
ni

ng
; r

an
ge

, 
1–

16
 d

ay
s

E
R

Y,
 1

00
0 

m
g 

 
b.

i.d
; r

an
ge

, 
1–

16
 d

ay
s

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

25

G
ac

ou
in

  
20

02
 [2

9]
R

et
ro

sp
ec

-
tiv

e 
ob

se
r-

va
tio

na
l 

st
ud

y

Fr
an

ce
S

in
gl

e-
ce

nt
er

, 
IC

U

3
2

O
FX

, 0
.4

 g
/d

ay
E

R
Y,

 3
–4

 g
/d

ay
N

R
N

R
N

R
N

R
N

R
N

R
N

R
N

R
3 

(1
00

)
2 

(1
00

)
20

S
ok

ol
  

20
02

 [3
0]

R
an

do
m

-
iz

ed
 c

on
-

tr
ol

le
d 

tr
ia

l

U
SA

M
ul

tic
en

te
r

7
7

TV
A

, 2
00

 m
g 

 
q.

d.
 fo

r 
7 

da
ys

C
LR

, 5
00

 m
g 

 
2 

ta
bl

et
s 

q.
d 

 
fo

r 
7 

da
ys

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

25

Fo
ga

rt
y 

 
20

04
 [3

1]
R

an
do

m
-

iz
ed

 c
on

-
tr

ol
le

d 
tr

ia
l

U
SA

M
ul

tic
en

te
r

5
11

LV
X

, 5
00

 m
g 

iv
 

ev
er

y 
24

 h
ou

rs
 

fo
r 

7–
14

 d
ay

s

E
R

Y,
 5

00
–

10
00

 m
g 

q6
h 

iv
 +

 c
ef

tr
ia

xo
ne

 
1–

2 
g 

iv
 o

r 
im

 
q2

4h
 a

nd
 t

he
n 

sw
itc

he
d 

to
 

C
LR

 5
00

 m
g 

po
 

b.
i.d

. +
 a

m
ox

ic
la

v 
87

5 
m

g 
po

 b
.i.

d.
 

fo
r 

7–
14

 d
ay

s

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

5 
(1

00
)

11
 (1

00
)

24

B
lá

zq
ue

z 
 

G
ar

rid
o 

 
20

05
 [1

8]

Pr
os

pe
c-

tiv
e 

ob
se

r-
va

tio
na

l 
st

ud
y

S
pa

in
S

in
gl

e-
ce

nt
er

14
3

65
LV

X
, m

ea
n 

to
ta

l 
do

sa
ge

 4
.5

 g
A

ZM
 (3

5)
, m

ea
n 

to
ta

l d
os

ag
e 

4.
5 

g;
 C

LR
 (3

0)
, 

m
ea

n 
to

ta
l 

do
sa

ge
 4

.5
 g

N
R

N
R

N
R

N
R

N
R

N
R

29
 (2

0.
3)

11
 (1

6.
9)

N
R

N
R

21

Q
ue

ro
l- 

R
ib

el
le

s 
 

20
05

 [3
2]

 

Pr
os

pe
c-

tiv
e 

ob
se

r-
va

tio
na

l 
st

ud
y

S
pa

in
S

in
gl

e-
ce

nt
er

8
3

LV
X

, 5
00

 m
g 

o.
d 

(e
xc

ep
t 

fir
st

 2
4 

ho
ur

s—
2 

do
se

s 
gi

ve
n)

C
ef

tr
io

xo
ne

 2
 g

 
iv

 q
24

h 
+

 C
LR

 
50

0 
m

g 
q1

2h
 iv

 
or

 o
ra

lly

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

22



Treatment of Legionella Pneumonia • CID 2021:72 (1 June) • 1983

N
um

be
r 

of
 P

at
ie

nt
s 

W
ith

 L
eg

io
ne

llo
si

s
A

ge
nt

(s
) U

se
d 

(n
) W

ith
  

D
os

ag
e 

an
d 

D
ur

at
io

n
M

ea
n 

A
ge

,  
ye

ar
s

Pr
op

or
tio

n 
of

 
M

en
, %

U
nd

er
ly

in
g 

 
D

is
ea

se
, n

 (%
)

Fi
ne

 S
co

re
  

≥4
, n

 (%
)

Tr
ea

tm
en

t 
 

in
 IC

U
, n

 (%
)

S
tu

dy
S

tu
dy

  
D

es
ig

n
P

la
ce

 o
f 

S
tu

dy
S

et
tin

g
Q

M
Q

M
Q

M
Q

M
Q

M
Q

M
Q

M

R
is

k-
of

-B
ia

s 
S

co
re

M
yk

ie
tiu

k 
 

20
05

 [3
3]

Pr
os

pe
c-

tiv
e 

ob
se

r-
va

tio
na

l 
st

ud
y

S
pa

in
S

in
gl

e-
ce

nt
er

40
80

LV
X

, 5
00

 m
g 

iv
 q

.d
. f

or
 

11
.1

 ±
 6

.3
9 

da
ys

E
R

Y,
 1

00
0 

m
g 

iv
 q

.i.
d.

; C
LR

, 
50

0 
m

g 
iv

 b
.i.

d 
fo

r 
15

.4
4 

±
  

7.
83

 d
ay

s

57
.5

56
90

86
.2

N
R

N
R

17
 (4

2.
5)

38
 (4

7.
5)

5 
(1

2.
5)

2 
(2

.5
)

23

S
ab

rià
  

20
05

 [3
4]

Pr
os

pe
c-

tiv
e 

ob
se

r-
va

tio
na

l 
st

ud
y

S
pa

in
 a

nd
 

A
nd

or
ra

M
ul

tic
en

te
r

54
76

LV
X

 (5
0)

, 5
00

 m
g 

q1
2h

 t
ill

 
ap

yr
ex

ia
;  

th
er

ea
ft

er
, 

40
0 

m
g;

  
50

0 
m

g 
q.

d.
, 

O
FX

, (
4)

 
40

0 
m

g 
q1

2h
 

fo
r >

14
 d

ay
s

E
R

Y,
 5

00
 t

o 
10

00
 m

g 
q6

h;
 C

LR
, 

50
0 

m
g 

q1
2h

 
fo

r >
14

 d
ay

s

57
.4

60
66

.6
81

.5
37

 (6
8.

5)
59

 (7
7.

6)
N

R
N

R
6 

(1
1.

1)
9 

(1
1.

8)
21

Fa
lc

ó 
 

20
06

 [3
5]

Pr
os

pe
c-

tiv
e 

ob
se

r-
va

tio
na

l 
st

ud
y

S
pa

in
S

in
gl

e-
ce

nt
er

18
95

LV
X

 fo
r 

 
10

–1
4 

da
ys

C
LR

 (5
2)

 fo
r 

14
–2

1 
da

ys
, 

A
ZM

 (4
3)

 fo
r 

5–
10

 d
ay

s

57
.8

60
.0

5
72

.2
71

.5
7

N
R

N
R

6 
(3

7.
5)

37
 (3

8.
94

)
4 

(2
2.

2)
12

 
(1

2.
63

)
22

H
ar

an
ag

a 
 

20
07

 [3
6]

R
et

ro
s 

pe
ct

iv
e 

ob
se

r-
va

tio
na

l 
st

ud
y

Ja
pa

n
M

ul
tic

en
te

r
9

18
C

IP
, 7

 p
at

ie
nt

s 
30

0 
m

g 
b.

i.d
., 

2 
pa

tie
nt

s 
w

ith
 

re
na

l f
ai

lu
re

, 
30

0 
m

g 
q.

d.
,  

1 
pa

tie
nt

  
se

ve
re

 6
00

 m
g 

b.
i.d

. f
or

 
15

.3
 d

ay
s

E
R

Y,
 5

00
 m

g 
 

q6
h/

 q
8h

 fo
r 

21
.4

 d
ay

s

69
.7

62
.8

67
78

8 
(8

8.
9)

12
 (6

6.
7)

6 
(6

6.
7)

9 
(5

0.
0)

N
R

N
R

21

N
ak

am
ur

a 
 

20
09

 [3
7]

R
et

ro
s 

pe
ct

iv
e 

ob
se

r-
va

tio
na

l 
st

ud
y

Ja
pa

n
M

ul
tic

en
te

r
12

4
C

IP
 (1

0)
, P

A
Z 

(2
)

N
R

N
R

N
R

N
R

N
R

N
R

N
R

5 
(4

1.
7)

2 
(5

0.
0)

N
R

N
R

17

G
rif

fin
  

20
10

 [3
8]

R
et

ro
s 

pe
ct

iv
e 

ob
se

r-
va

tio
na

l 
st

ud
y

14
 c

ou
n-

tr
ie

s 
(p

at
ie

nt
s 

id
en

-
tifi

ed
 

fr
om

 
C

A
P

O
 

in
te

rn
a-

tio
na

l 
da

ta
-

ba
se

)

M
ul

tic
en

te
r

17
23

LV
X

A
ZM

 (1
3)

, C
LR

 (1
0)

N
R

N
R

81
.3

73
.9

N
R

N
R

7 
(4

1.
2)

14
 (6

0.
9)

3 
(1

8.
8)

5 
(2

1.
7)

21

Ta
bl

e 
1.

 
Co

nt
in

ue
d



1984 • CID 2021:72 (1 June) • Jasper et al

N
um

be
r 

of
 P

at
ie

nt
s 

W
ith

 L
eg

io
ne

llo
si

s
A

ge
nt

(s
) U

se
d 

(n
) W

ith
  

D
os

ag
e 

an
d 

D
ur

at
io

n
M

ea
n 

A
ge

,  
ye

ar
s

Pr
op

or
tio

n 
of

 
M

en
, %

U
nd

er
ly

in
g 

 
D

is
ea

se
, n

 (%
)

Fi
ne

 S
co

re
  

≥4
, n

 (%
)

Tr
ea

tm
en

t 
 

in
 IC

U
, n

 (%
)

S
tu

dy
S

tu
dy

  
D

es
ig

n
P

la
ce

 o
f 

S
tu

dy
S

et
tin

g
Q

M
Q

M
Q

M
Q

M
Q

M
Q

M
Q

M

R
is

k-
of

-B
ia

s 
S

co
re

V
ia

su
s 

 
20

13
 [3

9]
Pr

os
pe

c-
tiv

e 
ob

se
r-

va
tio

na
l 

st
ud

y

S
pa

in
M

ul
tic

en
te

r
11

1
74

LV
X

 5
00

 m
g 

 
iv

/d
ay

 fo
r 

 
14

 d
ay

s 
(IQ

R
, 

21
–2

8)

E
R

Y
 (4

8)
 5

00
 m

g 
iv

/ d
ay

, C
LR

 (2
4)

 
50

0 
m

g 
q.

d,
 

A
ZM

 (1
), 

R
X

M
 (1

) 
fo

r 
25

 d
ay

s 
(IQ

R
, 

21
–2

8)

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

38
 (1

7.
8)

 
19

R
el

lo
  

20
13

 [4
0]

Pr
os

pe
c-

tiv
e 

ob
se

r-
va

tio
na

l 
st

ud
y

S
pa

in
M

ul
tic

en
te

r, 
IC

U
4

4
LV

X
C

LR
N

R
N

R
N

R
N

R
N

R
N

R
N

R
N

R
4 

(1
00

)
4 

(1
00

)
19

N
ag

el
  

20
14

 [1
7]

R
et

ro
s-

pe
ct

iv
e 

ob
se

r-
va

tio
na

l 
st

ud
y

U
SA

S
in

gl
e-

ce
nt

er
21

20
N

R
A

ZM
50

.6
7

52
.6

5
66

.7
50

N
R

N
R

N
R

N
R

10
 (4

7.
6)

5 
(2

5)
22

G
er

sh
en

go
rn

 
20

15
 [6

]
R

et
ro

sp
ec

-
tiv

e 
ob

se
r-

va
tio

na
l 

st
ud

y

U
SA

M
ul

tic
en

te
r

90
8

10
73

LV
X

 (3
37

), 
hi

gh
  

do
se

 7
50

 m
g;

 
ot

he
rs

 (5
71

) 
st

an
da

rd
  

do
se

 fo
r 

7.
2 

±
 5

.0
 d

ay
s

A
ZM

 fo
r 

6.
8 

±
  

4.
4 

da
ys

61
.4

6
61

.8
61

.2
66

.1
N

R
N

R
N

R
N

R
−

45
.9

−
37

.8
22

C
ec

ch
in

i  
20

17
 [4

1]
R

et
ro

-
sp

ec
tiv

e 
ob

se
r-

va
tio

na
l 

st
ud

y

Fr
an

ce
M

ul
tic

en
te

r, 
IC

U
43

45
LV

X
, O

FX
, C

IP
E

R
Y,

 R
X

M
,  

A
ZM

, S
P

M
N

R
N

R
73

N
R

N
R

N
R

N
R

N
R

43
 (1

00
)

45
 (1

00
)

23

G
ar

ci
a-

V
id

al
  

20
17

 [4
2]

R
et

ro
s-

pe
ct

iv
e 

ob
se

r-
va

tio
na

l 
st

ud
y

S
pa

in
M

ul
tic

en
te

r
17

5
23

5
LV

X
, 5

00
 m

g 
q.

d.
 

fo
r 

3 
da

ys
 (I

Q
R

, 
2–

5.
25

)

A
ZM

 (1
77

)  
50

0 
m

g 
q.

d.
, 

fo
r 

4 
da

ys
 (I

Q
R

, 
3–

6)
; C

LR
 (5

8)
 

50
0 

m
g 

b.
i.d

. 
fo

r 
5 

da
ys

 (I
Q

R
, 

3–
6.

25
)

59
.8

62
.2

69
.1

74
.5

10
0 

(5
7.

1)
10

2 
(4

3.
4)

77
 (4

4)
91

 (3
8.

7)
27

 (1
5.

4)
20

 (8
.5

)
22

K
ao

  20
17

 [4
3]

R
et

ro
-

sp
ec

tiv
e 

ob
se

r-
va

tio
na

l 
st

ud
y

Ta
iw

an
S

in
gl

e-
ce

nt
er

12
16

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

21

H
un

g 
 

20
18

 [4
4]

R
et

ro
s-

pe
ct

iv
e 

ob
se

r-
va

tio
na

l 
st

ud
y

Ta
iw

an
S

in
gl

e-
ce

nt
er

38
11

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

21

A
bb

re
vi

at
io

ns
: A

ZM
, a

zi
th

ro
m

yc
in

; b
.i.

d.
, t

w
ic

e 
a 

da
y;

 C
IP

, c
ip

ro
flo

xa
ci

n;
 C

LR
, c

la
rit

hr
om

yc
in

; E
R

Y,
 e

ry
th

ro
m

yc
in

; I
Q

R
, i

nt
er

qu
ar

til
e 

ra
ng

e;
 L

VX
, l

ev
ofl

ox
ac

in
; M

, m
ac

ro
lid

e 
m

on
ot

he
ra

py
; N

R
, n

ot
 re

po
rt

ed
 (d

at
a 

fo
r t

he
 p

re
se

nt
ed

 v
ar

ia
bl

es
 w

er
e 

no
t r

ep
or

te
d 

in
 th

e 
re

sp
ec

-
tiv

e 
st

ud
ie

s)
; O

FX
, o

flo
xa

ci
n;

 P
A

Z,
 p

az
ufl

ox
ac

in
; P

EF
, p

efl
ox

ac
in

; q
.d

., 
on

ce
 a

 d
ay

; q
.i.

d.
, f

ou
r t

im
es

 a
 d

ay
; q

6h
, q

8h
, q

12
h,

 e
ve

ry
 6

, 8
 o

r 1
2 

ho
ur

s 
re

sp
ec

tiv
el

y;
 Q

, fl
uo

ro
qu

in
ol

on
e 

m
on

ot
he

ra
py

; R
XM

, r
ox

ith
ro

m
yc

in
; S

PM
, s

pi
ra

m
yc

in
; S

PX
, s

pa
rfl

ox
ac

in
; T

VA
, t

ro
va

flo
xa

ci
n.

Ta
bl

e 
1.

 
Co

nt
in

ue
d



Treatment of Legionella Pneumonia • CID 2021:72 (1 June) • 1985

the use of specific macrolides, azithromycin was the most com-
monly prescribed (1362 patients) followed by clarithromycin 
(188 patients). Erythromycin was administered to 95 patients, 
and 1 patient received roxithromycin. The mean age was 
60.9 years (for 2849 patients from 8 studies) and 67.2% were 
men (among 2925 patients from 10 studies). The prevalence 
of smoking was 52.2% (580/1111). Chronic obstructive pul-
monary disease was reported in 17.3% of patients (107/620), 
and 7 studies reported immunosuppressed status in 23.4% 
(145/621) of the study population [17, 27, 35, 37, 40–42]. The 
Fine score was reported in 7 studies and, using this score, 
severe pneumonia was diagnosed in 38.8% of the subjects 
(436/1125). Overall mortality, recorded in 17 studies for pa-
tients treated with both fluoroquinolones and macrolides, was 
7.18% (237/3302).

Outcomes

Clinical outcomes are displayed in Table 2. Seventeen of the 21 
studies reported mortality data (Figure 2); the mortality rate was 
6.88% (104/1512) for patients treated with fluoroquinolones 
and 7.43% (133/1790) for those treated with macrolides. The 
overall pooled OR for mortality for patients treated with 
fluoroquinolones versus macrolides was 0.94 (95% confidence 
interval [CI], .71–1.25; I2 = 0.0%; P = .66). The pooled OR for 
mortality comparing fluoroquinolones versus macrolides for 3 

studies that were purely ICU-based and had complete data was 
1.27 (95% CI, .18–9.01; I2 = 45%; P = .16) (Figure 3).

The pooled OR for comparison of fluoroquinolones versus 
azithromycin was 0.97 (95% CI, .70–1.36; I2 = 0.0%; P = .70), 
while that of fluoroquinolones versus clarithromycin was 0.74 
(95% CI, .19–2.84; I2 = 26.6%; P = .24) (Supplementary Figure 3).

Fourteen studies reported data for secondary outcomes. 
Four studies evaluated clinical cure, defined by resolution of 
signs and symptoms of Legionella pneumonia assessed at the 
test of cure visit conducted 1 to 21 days after completing antibi-
otic therapy [18, 28, 30, 31]. Two studies reported 100% clinical 
cure [28, 30]. Since there was no difference in the clinical cure 
between the 2 treatment groups, we did not use these data for 
meta-analysis. We used the 2 remaining studies [18, 31] to com-
pare the clinical cure rates with a pooled OR of 2.36 (95% CI, 
.33–16.92) (Supplementary Figure 4A)

While 6 studies [18, 33–36, 42] reported the mean time to 
apyrexia, only 3 provided the standard deviations (SDs) needed 
for computation of the standardized mean difference [18, 33, 35] 
(Supplementary Figure 4B). There was no difference in mean 
time to apyrexia between fluoroquinolones and macrolides (0.0; 
95% CI, −.21 to .21).

Of the 11 studies reporting mean LOS in days, 6 provided the 
data needed to calculate the standardized mean difference [17, 
18, 33, 35, 37, 38] (Supplementary Figure 4C). Fluoroquinolones 

Table 2. Clinical Outcomes of Studies Included in the Analysis Based on Treatment Groups

Number of 
Patients With 
Legionellosis

Overall Mortality, 
n (%)

Mean (SD) Time to  
Apyrexia, hours

Mean (SD) Hospital  
Stay, days

Secondary  
Complications, n (%)

Clinical  
Cure, n (%)

Study Q M Q M Q M Q M Q M Q M

Dournon1990 [27] 7 20 2 (28.6) 10 (50) NR NR NR NR NR NR NR NR

Lode 1995 [28] 1 7 NR NR NR NR NR NR NR NR 1 (100) 7 (100)

Gacouin 2002 [29] 3 2 2 (66.7) 2 (100) NR NR NR NR NR NR NR NR

Sokol 2002 [30] 7 7 NR NR NR NR NR NR NR NR 7 (100) 7 (100)

Fogarty 2004 [31] 5 11 NR NR NR NR NR NR NR NR 4 (80) 5 (45.5)

Blázquez Garrido 2005 
[18]

143 65 1 (0.7) 0(0) 105.6(58.6) 110.4(59.2) 4.4 (1.8) 7.2 (10.7) 1 (0.7) 3 (4.6) 142 (99.3) 65 (100)

Querol-Ribelles 2005 
[32]

8 3 0 (0) 1 (33.3) NR NR NR NR NR NR NR NR

Mykietiuk 2005 [33] 40 80 1 (2.5) 4 (5) 60 (45.6) 146.4 (155.8) 9.73 (5.7) 14.48 (13.11) 10 (25) 20 (25) NR NR

Sabrià 2005 [34] 54 76 3 (5.6) 6 (7.9) 48 77.1 7.6 9.9 9 (17.7) 18 (23.7) NR NR

Haranaga 2006 [35] 9 18 0 (0) 2 (11.1) 84 96 16.7 20 NR NR NR NR

Falcó 2006 [36] 18 95 1 (5.6) 5 (5.26) 60 (43.2) 59.14 (45.3) 10.9 (8.7) 8.55 (7.1) NR NR NR NR

Nakamura 2009 [37] 12 4 1 (8.3) 0 (0) NR NR 29.6 (16.3) 32.3 (21.7) NR NR NR NR

Griffin 2010 [38] 17 23 1 (5.9) 1 (4.3) NR NR 8.9 (7.3) 12.7 (8.3) NR NR NR NR

Viasus 2013 [39] 111 74 NR NR NR NR 7 10 NR NR NR NR

Rello 2013 [40] 4 4 4 (100) 1 (25) NR NR NR NR NR NR NR NR

Nagel 2014 [17] 21 20 2 (9.5) 1 (5) NR NR 19.29 (16.6) 11.35 (7.49) 18 (85.7) 18 (90) NR NR

Gershengorn 2015 [6] 908 1073 60 (6.6) 69 (6.4) NR NR 10.2 9.3 NR NR NR NR

Cecchini 2017 [41] 43 45 13 (30.2) 17 (37.8) NR NR NR NR NR NR NR NR

Garcia-Vidal 2017 [42] 175 235 4 (2.3) 12 (5.1) 48 48 7 6.74 NR NR NR NR

Kao 2017 [43] 12 16 5 (41.6) 2 (12.5) NR NR NR NR NR NR NR NR

Hung 2018 [44] 38 11 4 (10.5) 0 (0) NR NR NR NR NR NR NR NR

Abbreviations: M, macrolide monotherapy; NR, not reported; Q, fluoroquinolone monotherapy.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa441#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa441#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa441#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa441#supplementary-data
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showed a mean reduction in LOS of 0.13 days (95% CI, −.50 to 
.24; I2= 67.2; P = .009).

Four studies reported on complications [17, 18, 33, 34] 
(Supplementary Figure 4D), defined as Legionella pneumonia 
with respiratory complications such as pleural effusion, respi-
ratory failure, and need for mechanical ventilation. Acute renal 
failure was reported in 3 studies [17, 33, 34]. The other reported 
complications were empyema, septic shock, hepatotoxicity, he-
modynamic instability requiring vasopressor therapy, and ad-
mission to the ICU for hemodynamic instability. One study 
[33] identified complications as any untoward circumstance 
occurring during hospitalization, with the exception of the side 
effects of the treatment. The most frequent complications in 
this study were respiratory failure and a worsening of comorbid 
conditions. The pooled OR for occurrence of complications was 
0.80 (95% CI, .45–1.41), with fewer complications occurring 
among patients receiving fluoroquinolones.

Adverse Events

Three studies [6, 18, 33] compared the incidence of adverse ef-
fects between the 2 treatment groups. The most common adverse 

effects in 2 studies were gastrointestinal events, liver function 
abnormalities, and phlebitis. One study [18] observed a higher 
frequency in patients receiving clarithromycin than in those re-
ceiving levofloxacin therapy (P < .01), while the other [33] de-
scribed a similar incidence of adverse effects in both treatment 
groups (8 of 40 patients in the fluoroquinolone treatment group, 
compared with 24 of 80 patients in the macrolide group). The 
occurrence of rash was also similar in the latter study ([38]; 2.5% 
vs 3.7%). The third retrospective cohort study [6] reported the 
rates of development of C. difficile colitis and found no differ-
ence after propensity matching (1.4% vs 2.1%; P = .25).

DISCUSSION

Fluoroquinolones and macrolides had similar effectiveness for 
reducing mortality in Legionella pneumonia. With 17 studies 
reporting mortality rates, the evidence for this outcome was 
high and risk of bias was low for comparison of the primary 
outcome of mortality. The risk-of-bias assessment was used to 
determine study limitations and support evidence for each clin-
ical outcome.

Figure 2. Forest plot for comparison of fluoroquinolone and macrolide effectiveness in treating Legionella pneumonia: analysis of mortality. Abbreviations: CI, confidence 
interval; ICU, intensive care unit; OR, odds ratio.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa441#supplementary-data


Treatment of Legionella Pneumonia • CID 2021:72 (1 June) • 1987

For the secondary outcome measures, no statistically sig-
nificant difference was found between macrolides and 
fluoroquinolones for clinical cure. The strength of evidence 
for clinical cure was downgraded as only 2 studies were in-
cluded in the analysis, one favoring macrolides and the other 
favoring fluoroquinolones. Although 6 studies reported mean 
time to apyrexia, only 3 that provided the SD could be used 
for analysis. There was no difference in time to apyrexia be-
tween macrolides and fluoroquinolones. Six studies reporting 
the LOS showed a reduction of 0.13  days in hospital stay for 
patients treated with fluoroquinolones, but no statistically sig-
nificant difference was observed compared with LOS for pa-
tients treated with macrolides. Among 4 studies that reported 
the incidence of complications, 3 were RCTs. The incidence of 
complications favored fluoroquinolones with an OR of .80 in 
the pooled analysis, but this was not statistically significant and 
was skewed heavily by the results of a single study that found 
fewer complications in the group receiving a fluoroquinolone 
compared with clarithromycin [18]. For secondary clinical out-
comes, the overall quality of evidence was low due to risk of bias. 
Contributors to high risk of bias were primarily confounding, 
selection bias, and inconsistent reporting and unavailability of 
data for all clinical outcomes. There was also rare occurrence 
of secondary complications and adverse events in the included 

studies. Thus, no significant difference was found in the anal-
ysis of any secondary outcomes. Generally, the pooled results 
of our systematic review were similar to the individual studies 
included in the analysis.

Our findings contrast with a 2014 systematic review by Burdet 
et  al [20] that compared the effectiveness of macrolides and 
fluoroquinolones for the treatment of Legionella pneumonia. 
We used the same measures for both primary and secondary 
outcomes as the previous systematic review; hence, we were 
able to make comparisons between our conclusions. Burdet 
et al included 12 studies with 879 patients in their analysis and 
found that mortality among patients receiving fluoroquinolone 
therapy was 4% (10/253) compared to 10.9% (23/211) among 
patients treated with macrolides. The pooled OR for mortality 
was 0.5 (95% CI, .2–1.3; 8 studies, 464 patients) in their study 
and favored fluoroquinolones in comparison to macrolides. 
However, this association was not statistically significant. In 
addition, unlike the previous review, we conducted subgroup 
analyses comparing fluoroquinolones with 2 commonly used 
macrolides versus azithromycin and clarithromycin, but this 
did not show a difference in mortality risk.

By including recent studies with more patients (879 vs 
3525), we found that, overall, there were similar mortality 
rates in patients receiving macrolides and those receiving 

Figure 3. Forest plot for comparison of mortality following treatment of Legionella pneumonia with fluoroquinolone versus macrolides among ICU patients. Abbreviations: 
CI, confidence interval; ICU, intensive care unit; OR, odds ratio.
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fluoroquinolones. Focusing only on ICU studies and comparing 
fluoroquinolones with macrolides, we found an OR of 1.27 
(95% CI, .18–9.01; I2 = 45%; P = .16), but this was not statisti-
cally significant and was based on only 3 studies. The previous 
systematic review found a significant reduction in mean LOS of 
3.0 days for LOS with fluoroquinolone versus macrolides (95% 
CI, 25.3–20.7  days) by assessing 3 studies with 263 patients. 
We included 6 studies with 537 patients and found a mean re-
duction of 0.13 days for fluoroquinolones with no statistically 
or clinically significant difference. To assess time to apyrexia 
and incidence of complications, we included 2 new studies 
and similarly found no difference between macrolides and 
fluoroquinolones. The number of studies comparing clinical 
cure remained the same (n = 2), and no difference was found 
between the treatment groups.

A key strength of this study is our use of comprehen-
sive search strategies for identification of relevant studies on 
Legionella pneumonia and RCTs in pneumonia with the help 
of an experienced librarian. The search for RCTs in pneumonia 
made it possible for us to identify studies that did not mention 
Legionella pneumonia in the abstract but did include data on 
this in the publication. Using our search strategy, we were able 
to identify 7 studies published after the 2014 systematic review. 
It also helped us identify 2 additional studies that might not 
have been found using previously reported methods [20]. Since 
no language filters were used, we were able to include 1 addi-
tional article that was not published in English. Moreover, no 
evidence of publication bias was noted in our analysis.

Our systematic review had limitations, the most important 
being the lack of sufficient data for analysis of secondary out-
comes. All studies published since the previous systematic re-
view were observational studies and hence susceptible to bias 
and confounding. The 3 RCTs focused on community-acquired 
pneumonia in general, and only limited data on Legionella 
pneumonia were available. We could not perform a subgroup 
analysis based on subpopulations of patients, disease severity, 
and ICU versus non-ICU because of diverse subpopulations 
and the fact that stratified mortality rates were not reported in 
the included studies. The studies did not report sufficient data to 
analyze adverse effects of fluoroquinolones, such as occurrence 
of C. difficile infection, tendinopathy, and aortic aneurysms.

Future research should analyze clinical outcomes among pa-
tients documented to have confirmed Legionella pneumonia 
to compare fluoroquinolones with macrolides in a methodo-
logically rigorous manner. Given the increasing incidence of 
Legionella pneumonia, a randomized, multicenter, controlled 
trial may be feasible to obtain a definitive answer to this question.

CONCLUSIONS

In this systematic review and meta-analysis of 21 studies and 
3525 patients, we found that fluoroquinolones and macrolides 

had similar effectiveness in reducing mortality among patients 
with Legionella pneumonia.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, so 
questions or comments should be addressed to the corresponding author.
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