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Abstract Legionnaires’ disease is pneumonia, usually caused by Legionella pneumophi-

la, which can range in severity from mild to quite severe. While it is commonly
acquired in the community, it can just as easily be acquired nosocomially from
water sources that have not been appropriately decontaminated. While historically
initial treatment was always with erythromycin, current case series and treatment
recommendations suggest that outpatients receive immediate treatment with one
of the following antibacterials: azithromycin, erythromycin, clarithromycin,
telithromycin, doxycycline or an extended-spectrum fluoroquinolone. If the
symptoms are severe enough to warrant hospitalisation then the patient should
receive treatment with parenteral azithromycin or extended-spectrum fluoroqui-
nolones followed by step-down to oral formulations to complete the regimens.
While a shorter course of 7-10 days for more severe infections may be possible
for intravenous/oral azithromycin, other antibacterials should be administered for
a total of 10-21 days and started as soon as possible upon presentation to optimise
outcomes.

The world’s first known outbreak of Legion-
naires’ disease occurred in the US in 1976 when
several members of the Pennsylvania chapter of the
American Legion staying in a Philadelphia hotel
developed sudden and severe pneumonia within the
first few days of their convention. Investigation by
the Centers for Disease Control and Prevention
identified the cause of the pneumonia as a previous-
ly undescribed bacterium that was subsequently

classified as Legionella pneumophila.!l Additional
research using stored sera revealed that, although
finally identified in 1976, L. pneumophila was the
most likely cause of at least three additional epi-
demics dating as far back as 1957.1231 Since then, not
only do reports of local epidemics appear in the
medical literature and/or the lay press but it is also
considered a relatively common cause of communi-
ty-acquired pneumonia (CAP), depending on severi-
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ty of its presentation. Whereas L. pneumophila ap-
pears to be an uncommon cause of CAP not requir-
ing hospitalisation, its incidence is second only to
bacteraemic pneumococcal pneumonia as a cause of

severe CAP that requires intensive care treatment.*
7]

1. Epidemiology

Although L. pneumophila is the most common
species associated with Legionella infection there
are actually over 40 species within the Legionel-
laceae family, which in turn consists of 64 ser-
ogroups.®! Despite Legionnaires’ disease being
classically associated solely with L. prneumophila,
more recent definitions have sometimes allowed
patients with pneumonia who have any Legionella
spp. isolated to be termed as having Legionnaires’
disease. Regardless of this, L. pneumophila is the
species that is responsible for >80% of the infections
caused by members of the Legionellaceae family.
Other Legionella spp. (i.e. L. micdadei, L. boze-
manii, L. dumoffii and L. longbeachae [this isolate is
a frequent cause of Legionella pneumonia in Austra-
lia®']) typically may occur in patients who have
immunosuppression secondary to corticosteroid
therapy, organ transplantation anti-rejection agents
or treatment of malignancy.l'>!"!  Although
L. pneumophila contains 15 serogroups, only three
of them, serogroups 1, 4 and 6, account for the
majority of strains identified as being associated
with human infection. Whereas nosocomial isolates
may be any species or serogroup of the Legionel-
laceae family, community-acquired infections are
usually caused by L. pneumophila serogroup 1.

Legionella spp. are an aerobic, non-encapsulated,
Gram-negative bacilli found in water distribution
systems and transmitted to humans via aerosolisa-
tion, aspiration or even instillation. These systems
are likely to be associated with a hot water tank,
with L. pneumophila being found in the bottom of
the tank on the surface of accumulating sediment.
Growth of large colonies of L. pneumophila occurs
secondary to the sediment, stimulating growth of
commensal bacteria and the latter stimulating that of
L. pneumophila. The pathogen can then infect any-
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one using the water system, such as has happened in
nosocomial outbreaks of Legionnaires’ disease in
hospitals.[®1?!

2. Laboratory Diagnosis

When presented with a case that is suspicious for
infection or co-infection with Legionella spp. a
number of different laboratory tests using various
biological samples can be performed to confirm or
rule out the diagnosis, including culture, serological
testing, direct fluorescent antibody (DFA) staining
of respiratory secretions, urinary antigen assay and
polymerase chain reaction (PCR) assays. However,
before deciding on the test to be performed it is
important to know not only whether the biological
sample comes from a patient with CAP or
nosocomial pneumonia, but also the sensitivity and
specificity of the test so that precious time and
resources are not wasted in the process.[®!3.141

PCR assays of sputum, serum, urine or water
system samples have relatively good sensitivity
(33-70%) and excellent specificity (98—100%), and
can be completed in a short amount of time (2—4
hours); however, they are not practical because of
the great expense involved and the lack of approved
reagents.®l DFA staining of sputum is also a rapid
turnaround test (2—4 hours), and has a sensitivity and
specificity similar to that of PCR analysis. However,
interpretation of results takes significant expertise
and positive results require the presence of a large
pathogen load that will most likely only be present
in those with multilobar pneumonia. Unless a base-
line IgG and/or an IgM titre is 21 : 128 in a patient
with pneumonia, serology is not very useful for the
clinician as the 4-fold rise between acute and conva-
lescent titres may take several weeks to be detected/
documented. Sputum culture utilising specialised
media is the gold standard documentation method
with both high sensitivity (=80%) and specificity
(100%).131 The only drawback to this method is the
length of time it can take to produce positive results,
which ranges from 2 to 7 days. The urinary antigen
test is an ideal test for CAP patients who are immu-
nocompetent as it has excellent sensitivity and spec-
ificity (90-100% each) and has a turnaround time of
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a few minutes to a couple of hours depending on the
type of test used.[®! Since the majority of Legionella
infections are with L. pneumophila serogroup 1, the
fact that the urinary antigen test is only able to detect
this one species and serogroup may not be a signifi-
cant disadvantage.!®'3!4 Evidence of this is availa-
ble in the latest CAP treatment guidelines from the
Infectious Diseases Society of America, which rec-
ommends a combination approach to testing for
Legionnaires’ disease via urinary antigen test with
sputum culture conducted for confirmation.['

3. Pathogenesis

To understand the best way to actively treat Le-
gionella infections it is necessary to first understand
their pathogenesis, be it something simple such as
Pontiac fever or the more severe Legionnaires’ dis-
ease. Since colonisation of the oropharynx has yet to
be demonstrated in the literature, aspiration or in-
halation of contaminated water into the oropharynx
is the most likely initialising exposure. From here,
whether a person actually gets ill or not depends on
their defence array. If the person smokes, has chron-
ic pulmonary disease or is a chronic alcoholic and
has chronically damaged mucociliary clearance
mechanisms they can be at increased risk of devel-
oping Legionnaires’ disease. Even if a patient does
not have these risk factors, Legionella spp. are able
to form pili and hook onto pulmonary epithelial
cells, thereby gaining a threshold into the lungs.®
Once within the trachea, Legionella invade the epi-
thelial lining cells and replicate, spreading down the
airways towards the alveoli. After the bacteria reach
the alveoli, the true clinical outcome lies within the
virulence of the organism as well as the competence
of the host’s immune system in terms of resisting
infection.

Legionella are phagocytosed by alveolar macro-
phages within the alveoli; however, the bacteria
block the fusion of phagosomes with lysosomes
preventing their digestion by the highly toxic con-
tents of lysosomes, and proceed to replicate to a
point where the cells rupture, thereby releasing their
progeny which further infect other alveolar macro-
phages and start the process all over again.®! In

© 2005 Adis Data Information BV. All rights reserved.

607

addition to these local, specialised cells, the cells
that respond to the infection acutely from the blood
stream via chemotaxis also have atypical responses
to the invading pathogens. While monocytes that
have migrated from the blood are as susceptible to
the same reproductive host fate as the larger differ-
entiated alveolar macrophages, polymorphonuclear
leucocytes (PMN5s) [neutrophils] do not become an
incubator for the pathogen or its progeny; however,
they are uncharacteristically not overly effective
phagocytes either. Despite the fact that Legionella
spp. are susceptible to oxygen-dependent microbici-
dal systems, they are immune to the effects of the
PMNs unless they are in the presence of specific
antibodies or complement. It is only at this time that
Legionella can be effectively ingested and cleared
by PMNs.B! Although this may seem like a one-
sided battle, it remains so only temporarily unless
the patient is deficient in cell-mediated immunity
(i.e. transplant patients on anti-rejection drugs), as
local macrophages will start to produce interferon-y
and peripheral lymphocytes and the macrophages
will start to produce tumour necrosis factor-o.. These
cytokines not only allow the macrophages/mono-
cytes to better resist becoming infected with the
Legionella organisms and prevent any further intra-
phagocytic replication, but also allow these macro-
phages/monocytes and the PMNs to become phago-
cytic once again against them.[!!

4. Treatment

Treatment of Legionella infections includes ac-
tive and preventive treatment. Preventive treatment
has been discussed in other reviews and refers to
decontamination of reservoirs of the bacteria once
they have been identified.[!°]

The choice of appropriate antibacterial to assist
the patient’s immune system to overcome Legionel-
la infections can be difficult for those not familiar
with their pathogenesis, or the pharmacokinetic
properties of the various classes of antibacterials and
the different ways to test their actions against the
pathogen. First, the efficacy of antibacterials can be
tested in vitro in buffered yeast extract and buffered
charcoal-yeast extract, both supplemented with o-
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ketoglutarate in which Legionella spp. grows well.
Several classes of antibacterials, including [-
lactams, would be highly active in vitro.[' Howev-
er, since Legionella is an intracellular pathogen and
B-lactams do not penetrate mammalian cells, in vitro
results would not be reflective of clinical outcomes.
Although there were some isolated reports of clavu-
lanic acid being added to amoxicillin resulting in in
vitro and animal model successes, 32!l these results
have never been replicated clinically in humans.

A second method to identify clinically effective
antibacterials is to have in vitro cell lines that have
Legionella spp. intracellularly. Cell lines that have
been used include guinea pig alveolar macrophages,
human monocytes and macrophages, HeLL.a and HL-
60 cells. With the exception of gentamicin, which is
active against Legionella grown in cell lines but not
in animal or human disease, the correlation between
activity of an antibacterial against intracellular Le-
gionella and actual clinical outcome is good.l'”!

A third method utilises either a respiratory/severe
pneumonia or an intra-peritoneal infection guinea
pig model to test antibacterial activity. Although the
latter method can be useful, the antibacterial out-
come in the pneumonia model correlates clinically
with human outcomes.”!

The final method that can be used to investigate
various pharmacological classes of antibacterials,
and respective members thereof, to identify the most
active option(s) and potential primary/secondary
therapies of Legionella infections is actual human
comparative clinical trials. The aforementioned test-
ing aside, the true test of any treatment is a compara-
tive trial done in a proper, non-biased manner (i.e.
randomised [equal randomisation], double-blind
[with blinding not broken until analysis is over and
with intention-to-treat analysis]). There should be
more than one of such trials performed, each using
the latest technology and appropriate comparators,
and involving large numbers of patients so that the
recommendations once they are put forward should
not be questioned. While this sounds entirely appro-
priate and is something that we expect and can get
for CAP in general or even for pneumococcal pneu-
monia,l'¥ it is something that will probably never
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exist for Legionnaires’ disease. This is because of
the infrequency with which it is prospectively diag-
nosed, even with the rapid urine screen and despite
the incidence that it is quoted to occur, especially in
severe cases of CAP. As a result, it is virtually
impossible to prospectively enroll the numbers of
patients necessary in a phase III trial that will meet
the inclusion/exclusion criteria and have consistent
disease severity to be able to effectively compare
two antibacterials, let alone to repeat it for any
additional comparisons.

The pharmacokinetics of a number of classes of
antibacterials, and/or members of these classes,
make them potential treatment candidates as a result
of their ability to penetrate macrophages/mono-
cytes. These classes, and/or their members, include
macrolides, fluoroquinolones, trimethoprim/sul-
famethoxazole, tetracyclines and rifamycins. How-
ever, to date, the macrolides and the fluoroqui-
nolones have the most consistent clinical successes
in the literature. Despite the relatively recent focus
on the use of pharmacokinetic/pharmacodynamic
dosage optimisation strategies to try to better assure
positive clinical and microbiological outcomes,
these concepts have yet to be applied to the treat-
ment of intracellular bacterial pathogens.?!

Although erythromycin was the original
macrolide used after the first outbreak of Legion-
naires’ disease, the introduction of the newer
macrolides (azithromycin, clarithromycin, roxithro-
mycin and telithromycin) have made it a much less
attractive option. This is due to its significant ad-
verse effect and drug interaction profiles, lack of
patient compliance and high fluid load with the
intravenous formulation. Not only does erythromy-
cin have these disadvantages but, whereas azithro-
mycin produces bactericidal effects in the guinea pig
alveolar macrophage model and up to a 5-day post-
antibacterial effect (PAE) when it is removed from
the system, erythromycin produces only bacterio-
static effects and no PAE.['! Evidence of the clinical
impact of these differences is presented in table I
and table II, where in multiple reports patients were
unable to be effectively treated with erythromycin
monotherapy and sometimes even with ery-

Drugs 2005; 65 (5)



"PaAIBSSI SIUBU IV *Ag UOHOULIOM| BIOJ SIPY S00T ©

() 59 'S00z sBnIQ

Table I. Summary of Legionnaires’ disease (LD) studies

Study Study type Pts (n) Pts characteristics Drug and regimen Results Comments
Hamedani et  op, nc 46 Moderate-to-severe CLA 500-1000mg bid for  98% (43/44 pts) clinically cured 9/43 withdrew early due to feeling
al.[28l chest infection/ mean 27d; 500mg bid in better; cures on CLA when failed ERY
pneumonia? 43/46 pts
Kuzman et rs, nc 16 Hospitalised, AZI 500 mg/d x 3d or Mean hospitalisation 20.5d (range 1 pt with transient eosinophilia; 2 pts
al.kd serogroup 1 positive® 500 mg/d on d1, 11-52d); none admitted to ICU; 15 with transient serum transaminase
250 mg/d on d2-5 afebrile in 48h — last pt afebrile in 96h increase
Plouffe et pr,op, mc 25 Hospitalised, IV AZl 500 mg/d x 2-7d Mean therapy 7.9d; 95% and 96% of  AZI IV to PO step-down monotherapy
al.kal serogroup 1 positive followed by PO AZI 1.5g clinically evaluable pts were clinically well tolerated/efficacious for
over 3-5d cured after 10-14d and 4-6wk hospitalised LD pts
treatment, respectively; 9 pts had 11
mild-to-moderate AEs
Carbon and mc® 16 Pts (intention-to-treat) PO TEL 800mg od x 14/16 pts (87.5%) clinically cured at Of the two pts who were not cured
Nusrat3'! with mild-to-moderate  5-10d 17—-24d post-treatment visit one stopped treatment after one dose
CAP, age >13y¢ because of dizziness and
hypotension, the other had insufficient
improvement after 7d of TEL
Santos et pr,r,me® 28 Pts from CAP trial PO GEM 320 mg/d x 7d 14 pts had mixed Legionella TRV now restricted to hospital use
al.l’2 with LDf vs PO TRV 200 mg/d x infections; 1 GEM pt discontinued due only because of hepatic AEs; rash to
7d to rash; 1 TRV pt needed treatment GEM more common in pts aged 240y,
for 14d; 1 TRV pt did not respond especially women — more common in
after initial improvement for 7d post-menopausal women on hormone
treatment then had early recurrence; replacement therapy — generally
25 pts (89.5%) cured at 14—21d post-  occurs 8-10d after start of GEM
treatment visit
Dournon et rs 196 ICU LD pts® Three treatment groups: PEF group was more 18/20 pts in each group
al.l4 IV PEF (mean 0.8 g/d) £+ immunocompromised than ERY/RIF immunocompromised + on mechanical

ERY + RIF (n=20); IV
ERY (mean 2-6 g/d,
n=20); IV ERY % RIF
(mean 1.2-2.4 g/d)
[n=20]

group; LD deaths in all groups
(15-35%, highest in the ERY-only
group, lowest in the PEF group); pts
on PEF alone (n=7) had no deaths

ventilation; >5 pts in each group had
very poor prognosis prior to onset of
LD because of comorbidities; 8 pts
not originally on PEF received it as
add-on-therapy and 4 survived

a
b

¢ Pooled results from 8 trials.

d Pts with severe or nosocomial pneumonia excluded.
e Subanalysis of LD pts from phase Ill CAP study.

f

9

status.

15 pts were previously treated with anti-Legionella regimens that failed and included ERY, OFL, TET and RIF.

11 pts were smokers, patients had no other cardiac/pulmonary disease or immunodeficiencies.

13 pts with definite LD by seroconversion (only two urine tests positive); the other 15 pts had possible Legionella infection by single elevated IgG titre (=1 :512).

Three groups matched for age within 5y, duration of LD before treatment within 2d, need for mechanical ventilation before or within 72h of active treatment and immune

AEs = adverse events; AZl = azithromycin; bid = twice daily; CAP = community-acquired pneumonia; CLA = clarithromycin; ERY = erythromycin; GEM = gemifloxacin; ICU =
intensive care unit; IV = intravenous; mc = multicentre; nc = noncomparative; od = once daily; OFL = ofloxacin; op = open-label; PEF = pefloxacin; PO = oral; pr = prospective;
pt(s) = patient(s); r = randomised; RIF = rifampicin; rs = retrospective study; TEL = telithromycin; TET = tetracycline; TRV = trovafloxacin.

3SBISI(] ,SOITRUUOIZI |
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Table Il. Summary of Legionnaires’ disease case reports

Amsden

Study Patient history Treatment history Results Comments

Dorrell  38yo male with 5-d history of IV AMX/CLV for pneumonia and With AZI addition clinical/x-  Serology positive for

et al.®3 headache, abdominal pain and pyelonephritis; got worse, ray improvement in 48h, Legionella serogroups
foul-smelling urine; treated with intubated; changed to IV ERY/CFT ERY/RIF stopped after 24h; 1 and 6; ERY/RIF
TMP/SMX, got worse with dry for positive urine Legionella; pt discharged 5wk later with treatment not useful
cough, dyspnoea, fever; admitted  worsened; IV RIF added; worsened normal renal function and
to hospital with bilateral lung — sepsis, renal failure; IV AZI bid  clear chest x-ray
consolidation added

Matute 60yo woman hospitalised with a 2-d IV CEF/ERY started but ERY Pt afebrile 72h after start of Proof that longer AZI

et al.l® history of fever/neutropenia; chest changed to PO AZI x 5d within CLA; no recurrence within ~ course necessary in
x-ray positive for right pleural 24h; CEF stopped after 5d; pt 6mo immunocompromised
effusion/left superior lobe infiltrate; returned 10d after last AZI dose pts

PaO2 60mm Hg; urine positive for
Legionella serogroup 1
500mg bid x 14d

with recurrence of fever/dyspnoea
but normal WBC; given PO CLA

AMX/CLV = amoxicillin/clavulanic acid; AZIl = azithromycin; bid = twice daily; CEF = ceftriaxone; CFT = cefotaxime; CLA = clarithromycin;
ERY = erythromycin; IV = intravenous; PaO2 = arterial oxygen pressure; PO = oral; pt = patient; RIF = rifampicin; TMP/SMX = trimethoprim/

sulfamethoxazole; WBC = white blood cell count; yo = year-old.

thromycin-based combination therapy, whereas they
consistently improved with treatment with one of
the newer macrolides as monotherapy, most com-
monly azithromycin. As a result of these data the
oral forms of any of the newer macrolides would be
expected to have high cure rates in immunocom-
petent patients with mild-to-moderate Legionnaires’
disease. In contrast, treatment in those with severe
disease or who are immunocompromised is usually
limited to intravenous azithromycin monotherapy or
possibly combination therapy with intravenous
erythromycin and rifampicin (rifampin) as they are
the only ones with parenteral forms available com-
monly. Although intravenous clarithromycin is
available in certain countries, its availability in gen-
eral is limited and its utility is further limited as a
result of phlebitis with a subsequent incidence of
treatment discontinuations that exceeds that associ-
ated with parenteral erythromycin (50% vs 8%).%3!
Although historically there has been an emphasis on
dual therapy for patients with severe infections in-
cluding pneumonia,!'* the use of dual therapy (typi-
cally erythromycin and rifampicin) as compared
with monotherapy for Legionella infections (see
table I and table II) has had no clear impetus one
way or the other.!['7-2425] Rather than using combina-
tion anti-Legionella agents, combination therapies,
especially in patients with severe CAP, that consist
of an effective anti-Legionella agent as well as a
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second agent that would be active against potential
co-pathogens such as Pseudomonas aeruginosa or
Streptococcus pneumoniae may be more desira-
ble.[%’zﬂ

Although the systemic fluoroquinolones have
been available for a similar length of time as the
newer macrolides, aside from the small percentage
of cases in comparative CAP trials they appear to
have marginally less available data specific to Le-
gionella pneumonia. Although there is no shortage
of in vitro and animal model datal®*>37! with fluoro-
quinolones, specific patient data are sparse (see ta-
ble I). Regardless, the data that do exist appear to be
supportive of using the systemic fluoroquinolones
as monotherapy even when treating patients with
severe Legionnaires’ disease.

5. Timing is Key to Efficacy

As noted in the most recent treatment recommen-
dations, empirical antibacterial therapy for patients
hospitalised with CAP should be started within 4
hours (down from 8 hours in previous recommenda-
tions) to better assure positive outcomes and shorter
lengths of stay.l'"¥ Although more variable in terms
of the threshold time window, the treatment of Le-
gionnaires’ disease also appears to be influenced by
whether treatment starts within the limit of the
threshold window or not. As an example, a retro-
spective study examined a hospital’s 10 years’ in-
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tensive care unit (ICU) admissions for Legionella
pneumonia and the presence or absence of prognos-
tic factors associated with the outcome of ther-
apy.B3® Forty-three consecutive patients with no pre-
vious treatment with macrolide or fluoroquinolone
with an average symptom duration of 5 days were
identified. Approximately 35 patients had at least
one comorbidity and 18 were immunocompromised
as a result of corticosteroid administration. Thirty-
six patients were treated with a fluoroquinolone
(ofloxacin, pefloxacin or ciprofloxacin) in combina-
tion with a macrolide (erythromycin or spiramycin),
whereas two patients received erythromycin with
rifampicin, two received erythromycin alone and
three received ofloxacin monotherapy. The mean
time to administration of macrolides from time of
admission to the ICU ranged from 4 to 11 hours and
that for fluoroquinolones was approximately 7
hours. The mean simplified acute physiology score
(SAPS II) was 47 at admission (range 16—-107). The
results demonstrated a mortality rate of 33% with all
of the deaths secondary to the progression of their
underlying Legionnaires’ pneumonia. By univariate
analysis the factors that were associated with a
higher incidence of mortality included a SAPS II
score >46 (p=0.006) and intubation requirement
(p =0.012). Those factors that were associated with
a higher incidence of survival included receiving a
fluoroquinolone (p=0.011) or erythromycin
(p = 0.044) within 8 hours of admission to the ICU.
When the factors were re-analysed using logistical
regression analysis, a SAPS II score >46 (odds ratio
[OR] 8.7;95% CI 1.15, 66.7) and symptoms prior to
ICU admission for >5 days (OR 7.4; 95% CI 1.17,
47.6) were both independent risk factors for death.
This was in contrast to the administration of fluoro-
quinolones within 8 hours of ICU admission, which
was associated with lower mortality (OR 0.8; 95%
CI 0.03, 0.97). Although the initiation of a
macrolide therapy within 8 hours of ICU admission
did not correlate with lower mortality by logistical
regression analysis, the investigators did not group
the macrolides as a whole, instead analysing them
separately despite analysing the three fluoroqui-
nolones together. Whether this would have changed
the outcomes regarding whether the macrolides cor-
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related with a positive outcome or not is unknown,
but the investigators should have remained consis-
tent in their methodology throughout. Regardless of
this anomaly, the investigators concluded that pa-
tients with severe Legionnaires’ disease will have a
better potential for a positive outcome if effective
antibacterial therapy is begun within 8 hours of
presentation. 3%

In a separate report of a large Legionnaires’
disease outbreak following a flower show in The
Netherlands, the opportunity was taken to look at
what constituted prognostic factors that would not
only decrease mortality but also keep the patient out
of the ICU.® Of the 77 061 people that visited the
flower show in 1999, 188 developed confirmed or
probable Legionnaires’ disease. 161 patients provid-
ed consent to have their patient information collect-
ed but 20 patients were excluded as they were not ill
enough to be admitted to the hospital and had in-
complete data collections. Of the remaining 141
patients in the study (120 confirmed/21 probable) 42
patients (40 confirmed cases) [30%] were admitted
to the ICU with severe Legionnaires’ disease. Re-
sults demonstrated that the incubation times for pa-
tients with severe and non-severe disease were simi-
lar (mean 6.8 vs 7.8 days, respectively; p =0.13).
This was also true when results for patients admitted
to the ICU were compared with those not admitted
(mean 7.0 vs 7.7 days; p = 0.26). In contrast, mortal-
ity rates for ICU and non-ICU patients contrasted
sharply (36% vs 13%). Upon univariate analysis of
demographic and medical history data it was discov-
ered that the following issues lead to a greater inci-
dence of ICU admission or death: smoking,
dyspnoea, fever >38.5°C, plasma creatinine level of
at least 100 mmol/L or a chest radiograph positive
for bilateral infiltrates or pleural effusions. When re-
performed using multivariate analysis it was discov-
ered that smoking, fever >38.5°C and having bilat-
eral infiltrates on chest radiograph were independent
risk factors for ICU admission or death. When the
impact of initiating effective antibacterials (defined
as a macrolide or fluoroquinolone) within 24 hours
of admission on the ICU-free survival rate was
studied, a significantly higher survival rate was

Drugs 2005; 65 (5)
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Table lIl. Antibacterial therapy for Legionella infectionl®-1440]

Amsden

Antibacterial Route of Dosage regimen Total treatment days

administration immunocompetent/ hospitalised or

outpatient immunocompromised

Azithromycin PO 500mg g24h 3-5

Iva 500mg g24h? 7-10
Clarithromycin PO 500mg gq12h 14-21

Iva 500mg q12h? 14-21
Roxithromycin PO 150-300mg q12h 14-21
Erythromycin PO 500mg q6h® 14-21

Iva 1000mg g6h? 14-21
Telithromycin PO 800mg g24h 7-10
Ciprofloxacin PO 750mg gq12h 7-10

Iva 400mg g8-12ha 14
Levofloxacin PO 500-750mg g24h 7-10

Iva 500-750mg g24h? 10-14
Gatifloxacin PO 400mg q24h 7-10

Iva 400mg g24h? 14
Moxifloxacin PO 400mg g24h 7-10

Iva 400mg g24h? 14
Doxycycline PO 200mg load then 100mg gq12h 14-21

Iva 200mg load then 100mg q12h? 14-21
Rifampicin (rifampin)® PO 300-600mg q12h 5

Ivd 300-600mg q12hd 5
Trimethoprim/sulfamethoxazole PO 160/800mg g12h 14-21

Iva 160/800mg g8—-12h? 14-21

a Any patient started on IV therapy should be changed to the PO formulation to finish the total number of days of therapy once
patient demonstrates a clinical response including defervescence.®!

b  Milligram dose will depend on salt formulation prescribed.

¢ Should only be used in combination with some other antibacterial for the first 5 days of therapy.

d Should be changed to oral form as soon as possible.
IV = intravenous; PO = oral; gxh = every x hours.

demonstrated when this occurred (78% vs 54%;
p = 0.005).5! Since the highest mortality rate was
within the ICU (36% vs 13% overall) and the previ-
ous study®! demonstrated lower mortality when a
patient received a fluoroquinolone within 8 hours of
ICU admission, it is possible that the ICU-free sur-
vival rate could have improved further if the defini-
tion of effective antibacterial timing was less broad
(i.e. within 8-12 hours instead of 24 hours).

6. Choosing the Right Regimen

The most current CAP treatment guidelines rec-
ommend that for patients who have or are suspected
of having Legionnaires’ disease and can be treated
as outpatients (see table III for specific regimens),
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treatment should be started as soon as possible with
one of the following oral medications: erythromy-
cin, doxycycline, azithromycin, clarithromycin or
an extended-spectrum fluoroquinolone (levoflox-
acin, gatifloxacin, moxifloxacin).®49 For patients
who require hospitalisation or are immunocom-
promised, intravenous treatment should be started as
rapidly as possible with azithromycin or an extend-
ed-spectrum fluoroquinolone.®4% Although some of
these agents (i.e. levofloxacin, telithromycin) have
recently received new indications for short-course
(5-7 days) treatment of CAP, none of the Legion-
naires’ disease data support treating the disease on a
regular basis with any of them. In fact, the opposite
is true as most experts continue to recommend that
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immunocompetent Legionnaires’ outpatients should
receive at least 7-10 days of treatment and that those
with significant co-morbidities, any degree of im-
munocompromise or who require hospitalisation
should receive up to 21 days of treatment. Because
of the stubborn nature of the pathogen, the same
experts often wait a little longer (anywhere from 3 to
5 days) to see if a patient is responding to therapy
before they decide whether to continue on this ther-
apy, step-down to oral therapy or if they need to
switch to a different treatment because of a lack of
response.[®!4

However, on the basis of the literature discussed
in this review, there appears to be one exception to
this length of therapy rule — azithromycin because of
its unique pharmacokinetics. On the basis of the in
vitro and clinical literature to date, the prolonged
half-life and tissue retention of azithromycin and the
most recent treatment recommendations, it is the
one drug that can be administered as a 3- to 5-day
oral regimen of 500 mg/day in outpatients without
significant comorbidities. However, once a patient
becomes more severely ill and requires hospitalisa-
tion, or is immunocompromised, it is probably naive
to believe that azithromycin administration can be
continued as if nothing has changed, as was suggest-
ed in one letter to the editor.**! Rather, these patients
would benefit from intravenous to oral step-down
regimens with relatively limited oral follow-on,
even for severely ill patients, as was recently pub-
lished.["

7. Conclusion

Although a lot has been learnt since that fateful
week in Philadelphia in the 1970s, we still know
little about Legionella spp. compared with many
other pathogens that are dealt with on a regular basis
as causes of CAP. While we have a number of
antibacterials that have demonstrated -efficacy
against Legionella infections, initiating antibacterial
therapy as soon as possible is just as important as
choosing the appropriate therapy. Despite the ad-
vances made in the detection and therapy of Legion-
naires’ disease there is still a plethora of topics that
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need answers if we are to continue to improve the
outcomes to this mysterious illness.
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