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Received: February 24, 2022 /Accepted: April 4, 2022 / Published online: May 3, 2022
� The Author(s) 2022

ABSTRACT

Legionellosis is the infection caused by bacteria
of the genus Legionella, including a non-pneu-
monic influenza-like syndrome, and Legion-
naires’ disease is a more serious illness
characterized by pneumonia. Legionellosis is
becoming increasingly important as a public
health problem throughout the world; although
it is an underreported disease, studies have
consistently documented a high incidence. In
addition, health costs associated with the dis-
ease are high. Diagnosis of Legionnaires’ disease
is based mainly on the detection of Legionella
pneumophila serogroup 1 antigen in urine.

However, there have been advances in detec-
tion tests for patients with legionellosis. New
methodologies show greater sensitivity and
specificity, detect more species and serogroups
of Legionella spp., and have the potential for use
in epidemiological studies. Testing for Legionella
spp. is recommended at hospital admission for
severe community-acquired pneumonia, and
antibiotics directed against Legionella spp.
should be included early as empirical therapy.
Inadequate or delayed antibiotic treatment in
Legionella pneumonia has been associated with
a worse prognosis. Either a fluoroquinolone
(levofloxacin or moxifloxacin) or a macrolide
(azithromycin preferred) is the recommended
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first-line therapy for Legionnaires’ disease;
however, little information is available regard-
ing adverse events or complications, or about
the duration of antibiotic therapy and its asso-
ciation with clinical outcomes. Most published
studies evaluating antibiotic treatment for
Legionnaires’ disease are observational and
consequently susceptible to bias and con-
founding. Well-designed studies are needed to
assess the usefulness of diagnostic tests regard-
ing clinical outcomes, as well as randomized
trials comparing fluoroquinolones and macro-
lides or combination therapy that evaluate
outcomes and adverse events.

Keywords: Diagnosis; Legionella spp.;
Legionnaires’ disease; Pneumonia; Treatment

Key Summary Points

Legionellosis is becoming an important
public health threat. The incidence of
legionellosis is rising and the health costs
associated with the disease are high.

Diagnosis of Legionnaires’ disease is based
mainly on the detection of Legionella
pneumophila serogroup 1 antigen in urine.

Other diagnostic methods such as culture
and PCR allow the detection of cases due
to most species and serogroups but have
some drawbacks.

Most guidelines recommend the use of
Legionella diagnostic tests in patients with
severe community-acquired pneumonia
or whenever Legionnaires’ disease is
suspected based on epidemiological or
clinical features.

Either a fluoroquinolone (levofloxacin or
moxifloxacin) or a macrolide
(azithromycin preferred) is the
recommended first-line therapy for
Legionnaires’ disease.

Delayed antibiotic treatment in Legionella
pneumonia is a factor associated with a
worse prognosis.

Randomized trials comparing
fluoroquinolones with macrolides and
evaluating adverse events in the treatment
of Legionella pneumonia are now needed.

THE SCALE OF THE PROBLEM

Legionella is a genus of intracellular, aerobic,
non-sporing, Gram-negative bacteria. Legionella
species have been found worldwide, mainly
from soil and natural or artificial aqueous
reservoirs including freshwater streams, lakes,
showers, pools, sprinklers, or cooling towers
[1, 2]. Most human infections are caused by
Legionella pneumophila, but other disease-caus-
ing species reported include L. longbeachae in
Australia and New Zealand. Numerous ser-
ogroups of L. pneumophila and other Legionella
spp. have been discovered; currently around 65
species of Legionella have been described
[1, 3–6].

The term legionellosis refers to the infection
caused by bacteria of the genus Legionella. The
clinical spectrum includes a non-pneumonic,
influenza-like syndrome known as Pontiac
fever, and Legionnaires’ disease, which is a
more severe presentation characterized by
pneumonia. Legionella pneumophila associated
with human infection was first described in
1977, after an outbreak of severe pneumonia at
the American Legion Convention held in 1976
in Philadelphia, USA [1, 2]. Legionnaires’ dis-
ease has clinical manifestations like those of
other types of pneumonia, and as it lacks a
particular pattern, microbiological tests are the
key element for its diagnosis. Most cases of
Legionnaires’ disease are sporadic, and more
than 70% are community-acquired, though
some are associated with travel or health care
[7]. Legionella spp. are estimated to be the cau-
sative agent of 2–10% of community-acquired
pneumonia (CAP) cases, with a higher inci-
dence in severe disease [8–11]. However, studies
have shown that adhering to guidelines and
recommendations for diagnostic testing results
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in poor sensitivity for identifying patients with
Legionnaires’ disease [12]. Predisposing condi-
tions for legionellosis include advanced age,
male sex, immunosuppression, chronic lung
disease, alcohol abuse, malignancies, iron
overload, anti-tumor necrosis factor (TNF)-al-
pha treatment and smoking (current or
past) [1, 2, 7, 13].

In the present study, we performed a narra-
tive review to update information regarding the
diagnosis and treatment of Legionnaires’ dis-
ease. This article is based on previously pub-
lished work and does not contain novel data or
information related to human or animal stud-
ies; no permission was required from the insti-
tutional ethics review board.

Morbidity and mortality in Legionnaires’
disease remains high. Intensive care unit (ICU)
admission rates reported in studies range from
20 to 27% [1, 7, 14–16]. Andrea et al. [14] also
found elevated frequency of invasive mechani-
cal ventilation, septic shock, acute respiratory
distress syndrome, and acute kidney injury
among those patients requiring ICU admission.
Moreover, Legionnaires’ disease has an overall
mortality rate of 4–18% [7, 14–18]. However,
mortality is higher in patients with nosocomial
Legionella pneumonia, immunocompromised
individuals, and those requiring ICU admission.
Regueiro-Mira et al. [15] found that mortality
was 4.6% in medical wards compared with
23.1% in patients transferred to the ICU. Other
studies have documented mortality rates close
to 40% in transplant recipients or cases of hos-
pital-acquired infection [1, 13, 19–21].

Although information on legionellosis has
improved in recent decades, its incidence
remains unknown, mainly because it is under-
diagnosed and underreported. Countries differ
in terms of their level of surveillance, diagnostic
methods, and investigation efforts [1, 2, 22, 23].
An increase in the incidence of the condition
has been documented, although the causes are
not entirely clear. The growth may be due to an
increase in infections or an aging population, or
perhaps to changes in climate, reporting crite-
ria, or testing practices (for example, the
increase in the use of urine antigen testing or
polymerase chain reaction), or to a combina-
tion of these factors [23, 24]. A study of all cases

of legionellosis reported to the US Centers for
Disease Control and Prevention from 1990
through 2005 found an increase in reported
cases from a mean of 1268 yearly cases before
2003 to more than 2000 from 2003 through
2005 [25]. More recently, 6141 cases were
reported in 2016 and 7458 in 2017 [26].
Another retrospective study evaluated Legion-
naires’ disease-associated hospitalizations using
the US National Hospital Discharge Survey
(NHDS) data from 2006 to 2010, and found
significant increases in Legionnaires’ over the
5-year study period (from 5.37 per 100,000
population in 2006 to 9.66 in 2010, with a peak
in 2009 of 17.07) [22]. Likewise, the European
Legionnaires’ disease Surveillance Network
(ELDSNet) reported that the notification rates
for Legionnaires’ disease have nearly doubled in
the past few years, from 1.4 in 2015 to 2.2 per
100,000 population in 2019, and mostly
involved men aged 65 years and above. Four
countries (France, Germany, Italy, and Spain)
accounted for nearly 70% of all reported cases
[27]. Similar increases in the incidence of
Legionnaires’ disease in recent years have been
reported in other studies [28, 29].

Estimates of the costs associated with
Legionnaires’ disease could also help to draw
attention to the scale of the problem and to the
need for prevention and treatment efforts. The
studies estimate direct medical costs incurred
due to hospitalizations and emergency depart-
ment visits, and those related to productivity
losses caused by absenteeism and premature
deaths. Legionnaires’ disease is the second most
expensive waterborne disease reported in the
United States, with the cost per hospital stay
ranging from US$ 7950 to $149,000 in terms of
direct health care costs derived from emergency
room visits and hospitalizations [30]. Similarly,
Baker-Goering et al. [31] assessed productivity
losses combined with existing estimates of
medical costs of Legionnaires’ disease in the
United States for 2014. The economic burden of
Legionnaires’ disease was more than double
when lifetime productivity losses were added to
medical costs and was approximately US$ 835
million, including US$ 21 million caused by
absenteeism and US$ 412 million caused by
premature deaths. Moreover, a study of
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Legionnaires’ disease in Belgium evaluated dis-
ability-adjusted life year (DALY) rates, with
DALYs being the sum of the years of life lost due
to premature mortality and the years lived with
a disability due to a disease or health condition
in a population. One DALY is the loss of the
equivalent of 1 year of full health. Legionnaires’
disease caused 3.05 DALYs per case and 8147
total DALYs in Belgium in 2017, which corre-
sponds to 71.9 (95% uncertainty interval:
39.33–109.75) DALYs per 100,000 persons [29].

Given the rising incidence and high costs
associated with the disease, legionellosis is
gradually becoming a major public health
threat. Data on the burden of the disease show
the value of studying the epidemiology and of
increasing investment in measures to prevent
Legionnaires’ disease, such as water manage-
ment programs and investigations of the
outbreaks.

DIAGNOSIS OF LEGIONNAIRES’
DISEASE

The diagnosis of legionellosis is based on a
combination of the presence of clinical and/or
radiological symptoms and laboratory tests.
These tests are not routinely performed by the
clinical microbiology laboratory and therefore
must be specifically requested (Table 1).
According to a 2019 European Centre for Dis-
ease Prevention and Control (ECDC) report,
most cases in Europe (90%) are diagnosed using
the urine antigen test (UAT) method. This has
been a consistent finding over the past decade.
Polymerase chain reaction (PCR) detects 9% of
the total number of reported cases, and the
proportion of cases diagnosed or confirmed by
culture is 10% [32]. The species L. pneumophila
alone is responsible for more than 90% of cases
of Legionnaires’ disease diagnosed worldwide.
In Europe, most human cases (80%) are caused
solely by L. pneumophila serogroup 1 (Lp1), with
other serogroups and species accounting for
16% and 3% of infections, respectively [27]. In
Australia and New Zealand, L. longbeachae is the
predominant species and in 2019 accounted for
up to 60% of the reported cases [4, 5, 33].

Culture of respiratory samples is still con-
sidered the gold standard for diagnosis of
legionellosis, but it is a very demanding test
requiring considerable expertise and growth for
several days on complex media. Legionella does
not grow on the standard media used in
microbiology laboratories, and a specific med-
ium containing yeast extract and activated
charcoal (buffered charcoal yeast extract, BCYE)
is needed. Legionella has been more successfully
isolated from lower respiratory tract samples
than from nasopharyngeal or throat swabs, and
culture positivity in samples outside the respi-
ratory tract is extremely rare [34]. The main
advantage of the culture approach is that it
enables isolation of the bacterial strain, which
can be used for antibiotic sensitivity testing and
for epidemiological typing analyses [35]. The

Table 1 Main diagnostic tests in legionellosis

Test Characteristics

Culture Gold standard, detects most species,

can be used for antibiotic sensitivity

testing and for epidemiological

analyses; variable sensitivity

Demanding test requiring expertise

and growth for several days on

complex media; depends on the

availability of respiratory samples

Urinary antigen

test

The first-line diagnostic test, point-

of-care format. Low cost, quick and

uncomplicated procedure; urine

samples are easily obtained

Only detects antigens of L.
pneumophila serogroup 1; sensitivity

nearly 75% but high positive

predictive value

Nucleic acid-based

detection

Detects all known species; good

specificity and sensitivity (nearly

90%), microbial identification and

epidemiological studies

Requires qualified personnel and

sophisticated technologies
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availability of the clinical strain for comparison
with environmental strains is one of the key
points in epidemiological investigations for
understanding the spread of legionellosis—
hence the importance of culture in the diag-
nosis of legionellosis [36]. The disadvantages are
of course the slowness of the analysis (which
can take up to 14 days), poor sensitivity com-
pared with other techniques, and the restricted
availability of suitable clinical material (prefer-
ably from the lower respiratory tract) [37]. Some
guidelines have recommended the culture of
Legionella in patients with severe CAP or
whenever Legionnaires’ disease is suspected
based on epidemiological or clinical features. In
addition, Legionella cultures should be routinely
performed on invasive respiratory samples or
for patients who have a positive Legionella UAT
[38].

The introduction in the late 1990s of enzyme
immunoassays for the detection of L. pneu-
mophila antigen in urine made it possible to
speed up the diagnosis of Legionnaires’ disease
[39]. The antigen detected is a bacterial
lipopolysaccharide (LPS), on whose diversity of
structure and antigenicity the identification of
L. pneumophila serogroups is based. The antigen
is detectable in most patients as early as 1–-
3 days after the onset of symptoms but may
persist for several weeks or months [40]. The
development and spread of rapid urinary anti-
gen detection kits such as lateral flow
immunochromatographic assays or fluorescent
immunoassays has revolutionized the diagnosis
of legionellosis and allows for early adaptation
of the antibiotic therapy. These methods can be
implemented in a point-of-care format and
today constitute the first-line diagnostic tests
for Legionnaires’ disease. Commercially avail-
able kits mainly detect Lp1 LPS and do not
perform as well with strains belonging to other
serogroups. The sensitivity therefore depends
on the serotype causing the infection and may
vary from 86% for Lp1 to 74–79% when con-
sidering all serogroups [41].

There are some differences in UAT use crite-
ria between countries. In most guidelines, rou-
tine use of the Legionella UAT is not
recommended. In this regard, American and
European guidelines advise the use of a UAT for

Legionnaires’ disease only for adults with severe
CAP or in patients with risk factors, such as
recent travel or a link to a Legionella outbreak. In
contrast, other guidelines recommend Legionella
UAT for all patients admitted with CAP [42, 43].
An important drawback of UAT is the occur-
rence of non-specific signals, possibly due to the
presence in urine of immunocomplexes that
interact with the test and give false positive
results [44, 45]. This phenomenon has been
known since the 1980s and can be resolved by
heating the urine for 5 min at 100 �C [46, 47].
Since the Legionella LPS is heat-stable, heating of
the urine sample allows the release of bacterial
polysaccharides from antibody complexes and
eliminates the nonspecific interferences. This
simple heating procedure is recommended for
the confirmation of any positive test
[39, 48, 49]. Another factor that can cause false
positive results is the persistence of Legionella
antigen in the urine. Even recent studies have
shown that the antigen can still be detected
several months (up to 1 year) after the onset of
symptoms. This occurs in about 10% of cases
and mainly in patients with severe underlying
diseases or in immunocompromised individuals
[50, 51].

The advantages of urinary antigen detection
over other diagnostic methods are considerable.
Urine samples are easily obtained, the antigen is
detectable very early in the course of the dis-
ease, and the test is quick and easy to perform.
For the clinician, the test’s usefulness lies in its
high positive predictive value. In the presence
of suggestive symptoms, while a positive result
strongly suggests legionellosis, a negative test
does not exclude Legionella spp. as the cause of
the pneumonia [52, 53]. In 2019, approximately
90% of reported cases in Europe were diagnosed
by urinary antigen. This percentage has
increased over the years and has certainly con-
tributed to better diagnosis of the disease
[27, 32]. Nevertheless, experts wonder about the
importance of cases that are not detected by
UAT because they are due to other species or
other serogroups for which these tests do not
seem to perform as well as for Lp1 [54, 55]. Most
commercially available UAT tests are based on
lipopolysaccharide detection, which is why
they are mainly able to diagnose pneumonia
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due to L. pneumophila serogroup 1 [41, 56].
Recently, UAT tests based on the detection of
other antigens such as ribosomal protein L7/L12
have been developed and launched on the
market. Although scientific studies are so far
limited, these tests seem very promising and
have the capacity to detect other serogroups
and even other species [57, 58].

PCR is a method that has the potential to
detect all known Legionella species. It is a rapid
test with good specificity and sensitivity for
Legionella spp., especially when performed on
respiratory tract samples (bronchial secretions,
bronchoalveolar lavage [BAL], biopsies, or spu-
tum) [59]. The possibility of also performing
this assay in materials such as urine or serum
would avoid the problem of having to obtain a
respiratory sample. Unfortunately, the few
studies available that have evaluated PCR in
serum and urine have shown low sensitivity
[60–63]. Numerous panels are commercially
available and allow the amplification of L.
pneumophila and/or Legionella spp. The design of
specific PCRs also makes it possible to design
specific assays for the detection of particular
serogroups [64–66] and specific sequence types
[67, 68]. In general, Legionella nucleic acid-based
detection offers significant advantages in terms
of sensitivity and speed. However, there are
several disadvantages and limitations. PCR may
not be ideal for testing non-lower respiratory
tract samples such as urine and serum. In
addition, one drawback of all nucleic acid
amplification methods is the difficulty in
assessing bacterial viability (i.e., after antibiotic
treatment) and causing false positive results.
Finally, nucleic acid amplification technologies
still require specially trained personnel and
sophisticated machines, although thanks to the
technological advances we have witnessed in
recent years, they are increasingly accessible to a
wider range of laboratories with a moderate
budget [35, 38]. Compared with UAT, PCR
offers higher sensitivity. One study revealed an
additional diagnosis of 18–30% of LD cases [69].
Similarly, an Italian study showed that the use
of real-time PCR in addition to UAT and culture
resulted in an increase of 18% of the LD cases
[70].

In Europe, the use of PCR seems to have
remained quite restricted (\10%) despite its
many advantages [32]. With the increasing use
of multi-syndromic PCR panels targeting mul-
tiple microorganisms simultaneously, the use of
PCR to detect Legionella is expected to increase
in the diagnosis of CAP. Some of these PCR
panels have been developed for use with BALs,
while other tests can also be performed with
samples from the upper respiratory tract such as
nasopharyngeal smears and sputum [71]. The
growth in the popularity of whole-genome
sequencing techniques reflects their high diag-
nostic potential, and they are becoming
increasingly affordable. Recent studies also
demonstrate their value for microbial identifi-
cation and in epidemiological studies [72–74].

ANTIMICROBIAL TREATMENT

Delayed Therapy and Prognosis

The literature on the association between the
time of the onset of therapy and the prognosis
in Legionnaires’ disease is scarce [75–78]. In a
retrospective study, Heath et al. [75] reported
that the delay in antibiotic initiation after hos-
pital admission and the total delay in appro-
priate antibiotic initiation after symptoms onset
were both factors related to higher mortality in
Legionella pneumonia. Following the diagnosis
of pneumonia, the median delay before starting
therapy was 5 days (range, 1–10 days) for
patients who died, and 1 day for those who
survived (range, 1–5 days) (p\ 0.001). In addi-
tion, the total delay after symptom onset in
starting therapy ranged from 1 to 12 days (me-
dian, 6 days) for survivors and from 8 to 23 days
(median, 11 days) for non-survivors (p\0.001).
Another study compared the outcomes of
patients with severe Legionella pneumonia
requiring ICU care according to the delays in
initiating fluoroquinolones and macrolides
[76]. After logistic regression analysis, fluoro-
quinolone administration within 8 h of ICU
admission was associated with reduced mortal-
ity. Moreover, a recent single-center, retrospec-
tive study carried out in Pisa, Italy, showed that
delayed macrolide/levofloxacin therapy ([24 h
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of hospital admission) was associated with a
higher need for ICU admission [77]. The fre-
quency of ICU admission was 54.2% among
those who received macrolides/levofloxacin
therapy within 24 h of admission and 80.4% in
those who initiated therapy later. Interestingly,
the investigators also found that the delay in
the administration of antibiotics against Legio-
nella was directly correlated with a delay in the
performance of the UAT. Similarly, in a study
that reported 23% inadequate empirical cover-
age during the first 2 days of hospitalization in
patients diagnosed with Legionella pneumonia,
factors related to inadequate coverage were
older age, renal replacement therapy, chronic
heart failure, nonsmoking status, and having
risk for hospital-acquired pneumonia or mul-
tidrug-resistant pathogens [9].

These findings indicate that it is necessary to
test for Legionella spp. at the time of hospital
admission in severe CAP and to decide
promptly whether to withdraw or continue
antibiotic treatment according to the test
results. This strategy improves antimicrobial
prescription and prognosis in patients. If the
UAT is not available at the time of CAP diag-
nosis, initial antimicrobial therapy should
include a drug with activity against Legionella
spp. It is recommended that antibiotics directed
against Legionella spp. be included promptly in
the empirical therapy of severe cases of CAP and
in cases of immunocompromised patients.
Inadequate or delayed antibiotic treatments in
Legionella pneumonia have been associated with
worse prognosis [75–77].

Fluoroquinolones or Macrolides

Several studies have evaluated the role of fluo-
roquinolones or macrolides in Legionella pneu-
monia. Most of them are observational, and the
number of randomized trials is small. The cur-
rent guidelines for CAP recommend either a
fluoroquinolone (levofloxacin or moxifloxacin)
or a macrolide (preferably azithromycin) as first-
line therapy for Legionnaires’ disease [79, 80].

In this regard, a recent systematic review and
meta-analysis compared the effectiveness of
fluoroquinolone versus macrolide monotherapy

in Legionella pneumonia [81]. A total of 3525
patients from 21 publications were included in
this meta-analysis. No difference in mortality
was found between patients treated with fluo-
roquinolones and those treated with macrolides
(6.9% vs 7.4%, pooled OR 0.94, 95% CI
0.71–1.25, p = 0.66). Similar results were repor-
ted for comparison of fluoroquinolones versus
azithromycin and for fluoroquinolones versus
clarithromycin. The mortality rates for fluoro-
quinolones and macrolides in studies that were
solely ICU-based was also similar. Moreover, the
authors also found no differences in the effect
of these antibiotics on clinical cure, length of
hospital stay, or the occurrence of complica-
tions. Likewise, Kato et al. [82] performed a
meta-analysis comparing these treatment
groups in terms of their efficacy and safety in
Legionella pneumonia, including studies pub-
lished until January 2020. Seventeen publica-
tions met the inclusion criteria. Clinical cure
was comparable between the treatment groups,
but overall and 30-day mortality was signifi-
cantly higher for macrolides than for fluoro-
quinolones. However, in the subgroup analyses,
levofloxacin significantly reduced the length of
hospital stay compared with two specific mac-
rolides (azithromycin and clarithromycin),
although mortality did not differ significantly
between the treatment groups. Nor were sig-
nificant differences found in other outcomes
such as time to apyrexia and adverse events.

The results of these systematic reviews and
meta-analyses support the present guidelines
regarding the use of a fluoroquinolone or a
macrolide for the treatment of Legionella pneu-
monia. However, certain limitations of the
current data should be recognized [81–83]. First,
the usefulness of these antibiotics has not been
extensively evaluated in some subgroups of
patients, such as immunocompromised patients
or those requiring admission to the ICU. Sec-
ond, the reporting of adverse events or com-
plications varies widely in the currently
available studies. Third, the duration of antibi-
otic therapy and its association with clinical
outcomes has not been sufficiently assessed.
Fourth, most published studies are observa-
tional and are therefore susceptible to bias and
confounders. Ideally, randomized trials
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comparing fluoroquinolones with macrolides
for the treatment of Legionella pneumonia
should be conducted. Finally, future studies
need to evaluate and monitor antibiotic sus-
ceptibility data on Legionella spp. Some studies
have documented, in general, low values of
minimum inhibitory concentrations in envi-
ronmental and clinical strains, although deter-
minants of resistance to macrolides, such as the
LpeAB active efflux system, have also rarely
been found [84–86].

Combination Therapy

Several in vitro studies suggest a synergistic
effect of combination therapy in isolates of
Legionella spp. [87–90]. Martin et al. [87] tested
the synergy of erythromycin, clarithromycin,
and azithromycin, each in combination with
ciprofloxacin and levofloxacin, against 41 iso-
lates of Legionella. The authors did not report
any antagonism. Synergy occurred mainly for
the clarithromycin-levofloxacin and azi-
thromycin-levofloxacin combinations. Simi-
larly, another study evaluated the
susceptibilities of 56 L. pneumophila isolates to
levofloxacin, ofloxacin, erythromycin, and
rifampin, finding that only levofloxacin plus
rifampin demonstrated synergy [88]. Moreover,
evaluating the intracellular susceptibility of
several antibiotic combinations against L.
pneumophila in infected macrophages, Descours
et al. [89] found that macrolides, especially
azithromycin, were synergistic with rifampicin
against Legionella in this in vitro model.

Observational studies have also assessed the
synergistic effect of combination therapy in
patients with Legionella pneumonia. In a litera-
ture review evaluating the role of rifampin in
the combination treatment of L. pneumophila
pneumonia, Varner et al. [91] concluded that
the data on the clinical advantage of rifampin
combination therapy are unclear because of the
possibility for patient selection bias and the
absence of consistent comparators. In an
observational cohort study, Grau et al. [92]
found that patients who received rifampicin in
addition to clarithromycin to treat Legion-
naires’ disease had a 50% longer hospital stay

and a trend towards elevated bilirubin levels.
Combination therapy of clarithromycin and
rifampicin had no additional benefit in prog-
nosis compared with clarithromycin
monotherapy. Similarly, Blázquez-Garrido et al.
[93] compared macrolides versus levofloxacin,
in addition to rifampicin, in a prospective, non-
randomized study involving 292 patients with
Legionella pneumonia. Although the use of
levofloxacin was associated with fewer compli-
cations and shorter hospital stays compared
with macrolides, the addition of rifampicin to
the treatment regimen provided no additional
benefit. Moreover, the efficacy of combination
therapy with macrolides plus quinolones in
patients with severe Legionella pneumonia has
been reported [94, 95]. In some of the cases
described, combination therapy was used
because of initial failure with a monotherapy.
All the patients survived. Finally, a retrospective
study compared the clinical effects of single-
agent therapies, fluoroquinolones and macro-
lides, with combination therapy in the treat-
ment of 22 patients with L. pneumophila
pneumonia [96]. A fluoroquinolone combined
with a macrolide may be able to improve the
inflammation caused by L. pneumophila pneu-
monia, although there were no significant dif-
ferences in outcomes.

Based on the literature reviewed here, com-
bination therapy has most often been suggested
for use in patients with treatment failure or
severe disease, but the data available are limited.
Only observational studies evaluating combi-
nation therapies in Legionella pneumonia have
been performed, with small sample sizes; no
randomized trials have been conducted. Nor
have the adverse effects and possible drug-drug
interactions been adequately evaluated in the
studies carried out to date.

Duration of Treatment

According to the guidelines, the duration of
antibiotic therapy in CAP should continue until
the patient reaches clinical stability and for no
less than a total of 5 days [80]. Several meta-
analyses have demonstrated the efficacy of
shorter courses of antibiotic therapy of 3–7 days
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[97–99]. However, most randomized trials eval-
uating the duration of antibiotic therapy had a
low number of patients with Legionella pneu-
monia [100–102]. In a multicenter, noninferi-
ority randomized clinical trial to validate
Infectious Diseases Society of America/Ameri-
can Thoracic Society guidelines for the duration
of antibiotic treatment in hospitalized patients
with CAP, Uranga et al. [102] found clinical
success to be similar between study groups
(antibiotics for a minimum of 5 days or
according to physicians). Of the 312 patients
included in the study, 11 (3.5%) had Legionella
pneumonia. Similarly, the number of patients
with Legionella pneumonia was zero or not
reported in other randomized trials evaluating
short courses of antibiotic therapy in CAP
[100, 101]. In a retrospective study, Kuzman
et al. [103] assessed the clinical usefulness of
azithromycin in the treatment of serologically
confirmed L. pneumophila pneumonia. The
mean age of 16 patients was 42.8 years and they
did not have severe chronic cardiac or pul-
monary diseases or immunodeficiency. Azi-
thromycin was administered orally for 5 days
(first day 500 mg and remaining days 250 mg,
once daily) or for 3 days (500 mg once daily). All
patients were effectively cured with
azithromycin.

The optimal duration of antibiotic therapy
for Legionnaires’ disease has not been estab-
lished, and it may vary according to the
antimicrobial agent used, disease severity, and
response to therapy. Of note, there are no ran-
domized studies evaluating the duration of
antibiotic therapy specifically in patients with
Legionella pneumonia. The recommended total
duration of antibiotic treatment in mild disease
is 3–7 days, and until the patient is clinically
stable and afebrile for at least 48 h. However,
extended courses of therapy (10–14 days or
longer based on clinical response) are reserved
for immunocompromised patients, those with
complications (e.g., empyema, or extrapul-
monary infection), and patients with severe
pneumonia or chronic comorbidities [104–106].
Levofloxacin or azithromycin for 7–10 days is
recommended in cases of moderate to severe
Legionella pneumonia. For immunocompro-
mised hosts, a 21-day course of levofloxacin or a

10-day course of azithromycin is usually rec-
ommended [105–107].
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86. Natås OB, Brekken AL, Bernhoff E, Hetland MAK,
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