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INTRODUCTION 

Since its first isolation more than twenty years ago, Legionella pneumophila 
has become a well-established etiologic agent of both community-acquired 
pneumonia (CAP) and hospital-acquired pneumonia (HAP) (1). The reported 
incidence of legionellosis in those cases of CAP in which a microbiologic 
diagnosis may be made ranges from 2 to 27%, depending on the geographical 
area under consideration and the inclusion criteria of the study (2). The 
percentage tends to be greater in series of CAP that require hospitalization 
than in those that can be treated on an outpatient basis. The highest 
percentages have been reported in series characterized by the severity of the 
illness. 

A detailed chronologic study of apparently sporadic cases of CAP caused by 
Legionella may occasionally reveal an unsuspected outbreak. In the 
nosocomial setting, legionellosis may also appear sporadically or, sometimes, 
in real outbreaks. Legionellosis may remain easily underdiagnosed if specific 
diagnostic methods are not routinely used in the initial diagnostic approach. In 
general, the true prevalence of legionellosis has probably been underestimated 
so far, since a reliable etiologic diagnosis of this infection was not easily 
established. In fact, the relatively recent development of simple tests that are 
able to detect Legionella antigen in urine samples has given the clinician a 
quick and easy way to diagnose L. pneumophila serogroup 1 infection, 
responsible for the majority of cases of legionellosis. It seems reasonable to 
assume that the progressive use of such a non-invasive, highly sensitive, 
specific test will increase the reported incidence of legionellosis in both the 
community and the nosocomial setting. At any rate, it is worthwhile to 
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emphasize that the more extensive, invasive procedures used to elucidate the 
cause of pneumonia, the more cases of unexpected legionellosis will be found 
(3). The therapeutic implications of identifying Legionella as the causative 
agent of pneumonia are obvious, especially if the chosen empirical initial 
treatment does not cover this etiologic agent. Most importantly, Legionella 
plays a crucial role as a causative agent of severe CAP (4). Usually, it ranks 
second, after pneumococcus, on the list of most frequent etiologies. Again, 
geographic differences in the reported incidence are frequently obvious. Some 
authors have even suggested that cyclic variations in the number of cases are 
also possible. 

A variety of risk factors for contracting this infection have been identified 
(1,2). Chronic obstructive pulmonary disease, heavy cigarette smoking, 
advanced age, cardiopathies, and especially corticosteroid therapy, organ 
transplants, and in general any illness or treatment associated with 
immunosuppression, have been implicated as predisposing factors. 
Interestingly, virulent Legionella organisms are capable of causing pneumonia 
in previously healthy individuals. Even in the selected subset of the 
population involved in hospital-acquired legionellosis studies, at least 6% of 
the cases occur with no known risk factors. The surprisingly high 70% of 
patients with no underlying illness that has been reported in a series of 
community-acquired legionellosis cases in Israel is not found in the majority 
of other references (5). Significantly, most of those Legionella cases in 
previously healthy patients showed a distinctive, benign clinical course. The 
issue of the acquired immunodeficiency syndrome (AIDS) as a risk factor for 
Legionella infection deserves a brief comment. Although it has been 
suggested that patients with human immunodeficiency virus infection are at 
increased risk for legionellosis, there is some controversy on that subject. 

Most importantly, it seems clear that other coexisting infections are quite 
common and that the clinical course of Legionella pneumonia is usually more 
severe. This fact could well imply a special therapeutic approach of 
legionellosis in this subset of the popUlation. 

MICROBIOLOGY 

There are at least 42 species and more than sixty serogroups that belong to the 
family Legionellaceae. L pneumophila is the species most frequently causing 
human infection, more than 80% of cases. Serogroups 1, 4, and 6 represent 
the majority of clinical isolates. However, there are at least other 18 species 
that have been so far implicated in human disease. An alphabetical list of 
them is shown in Table 4-1. Some Legionella species that were initially 
thought not to be pathogenic for humans have since proven to cause lung 
infection in man on rare occassions; the last of them is Legionella parisiensis 
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(6). Since many species that have not been linked so far to human infection 
also show ability to penetrate and proliferate intracellularly in in vitro studies, 
it seems quite possible that in the future new species could be added to the list 
of pathogenic spp. (7). 

Table 4-1. Legionella spp. that have been linked to well-documented human irifection 

L. anisa 
L. birminghamensis 
L. bozemanii 
L. cherrii 
L. cincinnatiensis 
L. dumoffii 
L.feeleii 
L. gormanii 
L. hackeliae 
L.jordanis 
L. iansingensis 
L. longbeachae 
L. maceachernii 
L. micdadei 
L. oakridgensis 
L. parisiensis 
L. pneumophila 
L. sainthelensi 
L. wadsworthii 

MODE OF TRANSMISSION AND PATHOGENESIS 

Water is the natural habitat of Legione/la spp. A variety of aerosol-generating 
systems has been found to be able to transmit the infection. In the nosocomial 
setting, contaminated water may also be a mode of transmission after 
aspiration or direct inoculation of wounds. There is no evidence for person-to
person spread. 

Once inhaled or aspirated, Legionella organisms adhere to respiratory 
epithelium by pili. Since they are intracellular infectious agents they replicate 
within the cells avoiding intracellular destruction by sophisticated 
mechanisms that inhibit phagosome-lysosome fusion (8). Obviously, cell
mediated immunity plays the critical role in the host's defense against this 
infection. Different strains of Legionella show variable degrees of virulence. 
There are many virulence factors involved in the intracellular multiplication 
of the organism, such as the Lgn-l locus, the macrophage infectivity 
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potentiator (rriip), lipopolysaccharide endotoxins, or the so-calIed "defect in 
organelIe trafficking (dot) proteins" (9,10). A comprehensive account of 
epidemiologic and virulence factors is beyond the scope of this review. 

CLINICAL MANIFESTATIONS 

General Considerations 

Pontiac fever is a non-pneumonic, usually self-limiting, influenza-like, acute 
febrile ilIness that has been related to L. pneumophila, as well as to other 
Legionella spp., by serologic evidence. It has recently been recognized that 
severe encephalopathy, due to acute disseminated encephalomyelitis, may 
rarely follow an allegedly benign Pontiac fever (II ). 

The severity of symptoms of Legionnaires' disease may range from mild 
respiratory illness to a fulminating course (1-5). The more benign forms of the 
infection have been generally reported in the young population with no 
chronic co-morbidity. Although legionellosis may behave as a multisystemic 
disease, fever and nonspecific respiratory manifestations are usually 
predominant. The initial retrospective studies, which usually focused on more 
severe cases, stressed the usefulness of some allegedly distinctive clinical 
manifestations, such as central nervous symptoms or diarrhea. Many welI
designed prospective, comparative studies between Legionnaires' disease and 
those pneumonias that are caused by non-Legionella organisms have shown 
that a sure differential diagnosis based on clinical, analytic, and radiologic 
signs is not possible, either in the community or in the nosocomial setting. 
Moreover, some studies support the concept that there are no significant 
clinical differences, including radiologic and analytic features, between CAP 
and HAP due to Legionella (12). 

A recent comparative study of the clinical presentation of Legionella 
pneumonia and other CAP showed that diarrhea, elevation in the creatinine 
phosphokinase (CK) level, and the lack of underlying disease, were more 
common in CAP by Legionella pneumophila (13). The authors concluded, on 
the basis of statistical results after multivariate analysis, that a detailed 
evaluation of the presentation of CAP leaves room for suspicion of 
Legionnaires' disease in the emergency department. In our opinion, and that 
of others, this conclusion is probably misleading since a statistically 
significant difference does not always imply real clinical relevance (14). It is 
extremely important to emphasize that, in this study, diarrhea and increased 
CK level were absent in the majority (75% and 68%, respectively) of their 
patients with CAP caused by Legionella pneumophila. Moreover, it does not 
seem prudent to extrapolate the authors' findings to the totality of patients 
with pneumonia admitted to the emergency department, since more than 50% 
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of patients were excluded from that study because of the lack of a sure 
etiologic diagnosis. Furthermore, there is substantial evidence that CK level 
elevation can also sometimes be found in pneumonia caused by other 
infectious agents, such as adenovirus, with a clinical presentation very 
suspicious of legionellosis (15,16). In our conclusion, the clinical features of 
Legionnaires' disease cannot reliably be distinguished from those reported in 
other pneumonias (1,2). 

Radiologic Features 

The variety of possible radiologic manifestations of legionellosis parallels the 
broad range of clinical illness that Legionella pneumonia may cause (17). 
There are no unique radiologic features that help to differentiate 
Legionnaires' disease from other types of bacterial pneumonia. Virtually all 
patients will show an abnormal chest radiograph on clinical presentation. 
Unilateral, unilobar involvement is the most frequent radiographic finding at 
the onset. Usually, an early, small alveolar opacity rapidly evolves to a more 
homogeneous lobar consolidation. The finding of a lower lobe involvement 
predominance is common to many other types of pneumonia. 

On the basis of many studies generally characterized by a relatively small 
number of cases, some authors have suggested that the extent of shadowing 
does not correlate with either the severity of clinical features or with the 
outcome. Concern over this point of view must be taken into consideration 
since more recent studies have shown, as could be expected, that radiographic 
extension is a factor clearly related to adverse outcome, at least in the subset 
of individuals with both severe CAP and HAP due to Legionella 
pneumophila. In the study reported by EI Ebiary et ai, on 84 severe cases of 
legionellosis, radiographic improvement was related to a better outcome (18). 
An association between the extent of radiologic involvement and the 
appearance of respiratory failure has also been reported. There are also data 
that support the concept that extensive shadowing is clearly associated with a 
high yield of Legionella isolation from respiratory samples (17). 

There is some controversy on an allegedly typical progression of the initial 
radiographic shadowing in most cases of legionellosis. This feature has been 
considered by some authors as characteristic of the disease, even if 
appropriate therapy has been initiated. We do not agree with this point of 
view since data obtained from prospective series, involving a large number of 
cases, suggest that the crucial factor is probably the prompt institution of 
correct treatment. In our experience, when effective treatment is administered 
at the onset of the disease, progression of infiltrates between the initial 
radiograph and the immediate follow-up is limited to about 30% of patients. 
Although rare, L. pneumophila has been reported as one more on the list of 
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causative agents of lobar expansion pneumonia with a bulging fissure. 
Cavitation is a rare event in the non-compromised population. On the other 
hand, there is a marked tendency to cavitation in the immunocompromised 
host, even with appropriate therapy (17). Variable frequencies of pleural 
effusion have been reported, in part depending on the methods used to 
evaluate it. In about one third of cases a pleural effusion, usually of small or 
moderate volume may be detected. Empyema is a rare complication of 
legionellosis. Its incidence in long series is below 4%. Interestingly, empyema 
may rarely be the first and only radiographic finding on presentation, with no 
evidence of prior alveolar filling involvement. Occasionally, the confusing 
combination of pleuritic pain and absence of consolidation on the initial 
radiograph has led to an erroneous diagnostic orientation of pulmonary 
embolism. Spontaneous pneumothorax is also a very unusual manifestation of 
legionellosis. As a general rule Legionella pneumonia does not cause 
mediastinal or hilar lymph node swelling. 

In general, a number of well-designed studies in individuals with CAP that 
require hospitalization or admission to the Intensive Care Unit have identified 
the following radiographic features as predictors of increased morbidity and 
mortality: rapid spreading of shadowing, multilobar lung involvement, 
cavitation, and pleural effusion. As we have seen, since many of these 
radiographic criteria are quite common in Legionnaires' disease, it is not 
surprising that legionellosis is one of the most frequent causes of severe CAP 
(19). 

Radiographic resolution is characteristically slow in severe legionellosis. As 
also happens in other pneumonias, radiologic clearing classically lags behind 
clinical improvement. Complete radiographic resolution may sometimes take 
as long as four months. Permanent residual scarring may occur and wide 
interstitial pulmonary fibrosis due to extremely severe legionellosis has also 
been occasionally described. A word of caution with respect to the 
immunocompromised population: an apparently slow-resolving radiographic 
clearing may indicate the persistence of the infection if the patient does not 
show complete clinical recovery. 

Extrapulmonary Legionellosis 

The clinical manifestations of extrapulmonary legionellosis are frequently 
impressive. Therefore, they deserve to be included in the concept of severe 
legionellosis. A variety of localizations have been reported (17,20). By far the 
most frequent is cardiac legionellosis, especially pericarditis. Sometimes, 
pneumonia seems not to play any relevant clinical role when the cardiac 
involvement is diagnosed. Even some cases of valvular involvement have 
been caused by direct contact with contaminated water, without coexisting 
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pneumonia. Prosthetic cardiac valves seem to be more prone to Legionella 
infection. Involvement of a thoracic aortic graft has also been reported. 
Although neurologic symptoms are relatively common in legionellosis, CT 
scan findings are usually unremarkable. A contrast CT scan pattern suggestive 
of herpes encephalitis has also been described in exceptional cases. A few 
brain abscesses have also been reported. Digestive tract localizations, such as 
perirectal abscess, are also rare. A few case reports of Legionella-associated 
pancreatitis have been published. Acute pancreatitis in Legionnaires' disease 
may be painless. Legionella involvement of the colon may mimic an acute 
attack of ulcerative colitis. Graft involvement in liver transplant recipients has 
been observed. Renal involvement is is usually caused by hypotension or 
rhabdomyolisis-associated myoglobinuria. Pyelonephritis with abscess 
formation has occasionally been described. Other possible localizations are 
wound infections (hip, cardiothoracic surgery), sinusitis or multiorgan 
involvement in fatal cases. Legionella cellulitis has even led, in an extremely 
severe case, to eventual amputation of an extremity. 

Non-Legionella pneumophila spp. 

Less than 10% of cases of legionellosis are due to non-Legionella 
pneumophila spp., of which L. micdadei, also known as Pittsburgh agent, is 
the most frequent. Data derived from non-Legionella pneumophila studies 
suggest that their clinical features mostly overlap those of L. pneumophila 
infection, although a few peculiar, allegedly distinctive radiographic features 
of L. micdadei infection have been highlighted (17). A special susceptibility 
of systemic lupus erythematosus patients to L. micdadei has been stated (21). 
Interestingly, it has been demonstrated that L dumoffii is able to invade and 
proliferate in alveolar epithelial cells as well as in macrophages (22). This 
finding provides a distinctive pathogenic characteristic that can help to 
explain why L. dumoffii may cause a more severe pneumonia than can other 
Legionella spp. 

In the immunocompetent patient, non-Legionella pneumophila radiologic 
manifestations tend to overlap those observed in L. pneumophila pneumonia. 
However, in the immunocompromised population there are three 
characteristics that seem to be more frequent: rapid progression beyond the 
area initially involved, possible presence of quickly evolving pseudonodular 
infiltrates, and cavitation. In non-immunosuppressed patients, nodule 
formation and rapid progression do not seem to be so characteristic, 
especially if appropriate, early antimicrobial therapy has been undertaken 
(17). It must be remembered that L. micdadei can stain acid fast, so a 
misdiagnosis of tuberculosis is feasible, especially in the presence of 
cavitation (2). Finally, L. bozemanii infection shows a higher than usual 
incidence of pleural effusion, which is observed in about 50-60% of cases. 
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DIAGNOSIS 

Urinary Antigen Detection 

It is obvious that in severe legionellosis clinicians have to give priority to 
those techniques that confirm, in a simple, fast, and reliable way, that 
Legionella is the etiologic agent of the pneumonia. In this line, the 
development of new tests that are able to detect Legionella antigen in such a 
simple sample as urine represents a breakthrough in the diagnostic methods 
for legionellosis (I). Radioimmunoassay does not seem to show any 
advantage over the more simple, non-isotopic, enzyme immunoassay (EIA) 
tests. These EIA tests in concentrated urine by ultrafiltration have offered a 
sensitivity of as much as 86.6 (Biotest AG, Dreieich, Germany) to 88.8 
(Binax, Portland, Maine) for the two commercially available enzyme 
immunoassays, with a specifity of 100% (23). The relevance of these urinary 
antigen tests to diagnose L. pneumophila serogroup I infection has been 
validated by many studies. The greatest drawback is that the uselfuness of the 
more recent EIA test (Biotest AG) to detect antigen from species and 
serogroups other than L. pneumophila serogroup I needs to be evaluated by 
further studies. Clinicians have to take into account that urine positivity may 
persist for months after recovery from the infection, but less than 10% of 
culture-confirmed cases keep positive for urinary antigen more than 60 days 
after the onset of pneumonia. Urine samples collected in the first week of 
disease seem to offer the maximum sensitivity. In an exceptional case the test 
detected urine antigen for as long as one year (I). 

Culture 

Isolation of Legionella is the definitive method for diagnosing Legionnaires' 
disease (l,2). In patients with severe legionellosis and that have a productive 
cough, sputum is a good, non-invasive sample for isolating the organism. 
Interestingly, sputum cultures are frequently positive even if the specimens do 
not meet the classical criteria of Murray and Washington. Anyway, 
Legionella usually takes 3 to 5 days to grow. Cultures should be held for 
many days so as not to miss some delayed isolations. As is well known, 
specialized, selective media are required for Legionella growth. As stated 
above, severe radiographic involvement seems to correlate well with higher 
rates of Legionella isolation from respiratory samples, including sputum. 
Sputum culture sensitivity estimates increase in parallel with the severity of 
the disease and they seem to be about 60% in severe CAP due to L. 
pneumophila. The isolation rate increases slightly when combining cultures 
from both sputum and other respiratory specimens obtained from more 
invasive methods, such as bronchoscopy. 
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Direct Fluorescent Antibody Staining 

Direct fluorescent antibody (OF A) staining of clinical specimens permits a 
quick diagnosis of severe legionellosis but requires skilled microbiology 
technicians to interpret the test (1,2). Its sensitivity, in laboratories with 
expertise, is lower than that of culture, regardless of the type of respiratory 
sample. Again, a positive OF A test seems to correlate with a large 
concentration of organisms in the clinical sample as well as extensive 
shadowing on chest X-ray film. The average time for the OF A test to become 
negative is after 4 to 6 days of appropriate antibiotic therapy. The specificity 
has been determined to be about 95%, but sometimes it is not easy to 
differentiate Legionella from other cross-reactive bacteria in a respiratory 
specimen, especially when polyclonal reagents are used. 

Nucleic Acid Detection and Characterization 

Genus-specific hybridization of Legionella spp. by a commercially available 
radiolabeled DNA probe test (Gen Probe Inc., San Diego, California) can be 
performed in a few hours. Once more, a good correlation between Legionella 
organisms concentration and DNA probe activity has been observed. In 
contrast with the OF A test, the DNA probe does not depend on the operator's 
skillfuness. The test may remain positive in the respiratory secretions for up to 
8 days after beginning proper therapy. Again, the sensitivity is less than that 
of culture and quite similar to that of the OF A test. Specifity approaches 99% 
(1,2). 

Polymerase chain reaction (PCR) based assays to detect Legionella in clinical 
specimens have shown a clearly lower sensitivity than that of culture (I). The 
advantages of speed, high specificity, and theoretic ability to detect species 
other than L. pneumohila have been hampered by a disappointing low 
sensitivity. However, a recent study has shown a better than usual sensitivity 
of 73% if testing was restricted to urine or serum samples taken within 4 days 
of the onset of symptoms (24). 

Serology 

In severe legionellosis, serologic methods are only useful for the purpose of 
epidemiologic studies (1,2). The period of time needed to obtain a fourfold 
rise in antibody titer usually ranges from 4 to 8 weeks. However, 
seroconversion may even take many months, especially in the elderly. About 
30% of patients suffering from Legionnaires' disease will never develop an 
antibody increase. The indirect immunofluorescent antibody (IF A) test 
continues to be the most sensitive and widely employed serologic method. 
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The use of both IgM and IgG assays seems to improve the sensitivity (1). A 
high specificity of 95% is restricted to L. pneumophila serogroup 1 infection. 
A variety of cases of cross-reactivity have been reported, the last of them in 
many cases of pneumonia caused by Coxiella burnetti (25). 

PROGNOSTIC FACTORS AND MORTALITY 

A crude mortality rate of 30% has been found in severe legionellosis requiring 
admission to lCU (18). Conflicting results have been obtained when 
comparing mortality differences between nosocomial and community
acquired legionellosis, although the majority of studies support hospital 
acquisition of legionellosis as a factor that increases the likelihood of a fatal 
outcome (26). Univariate analyses have shown that chronic underlying 
conditions, renal failure, bilateral chest X-ray involvement, septic shock, and 
the need for mechanical ventilation are related to poor outcome. It must be 
emphasized that the lack of initial appropriate treatment for legionellosis is 
also a prognostic factor related to death (1,2,18,26). Consequently, it seems 
warranted to include an effective treatment against Legionella in the initial, 
empirical, therapeutic approach to severe CAP (27). Multivariate analyses 
have identified the following variables associated with an increased mortality 
rate: APACHE II score> 15 at admission, serum Na level < 136, the need for 
intubation, advanced age, renal disease, malignancy, immunosuppression, 
serogroup 6, and the development of pulmonary complications such as lung 
abscess, cavitation, and pleural effusion (18,26). 

TREATMENT 

Antibiotic Choice 

The high efficacy of erythromycin as the preferred treatment of legionellosis 
has been supported by a large number of clinical studies over the last 22 years 
(1,2,27). This solid, accumulated clinical experience in favor of erythromycin 
as the treatment of choice for Legionnaires' disease has to be balanced against 
the appearance of new antibiotics that offer many theoretic and practical 
advantages. An optimal therapy against Legionella spp should combine the 
following characteristics: high intrinsic activity against the organism, ability 
to penetrate phagocytic cells, good pharmacokinetic profile with the option of 
switch therapy, and a low incidence of side-effects. It is evident that in the 
last decade a number of new macrolides, especially clarithromycin and 
azithromycin, and more recently third and fourth-generation fluoroquinolones, 
have proven capable of meeting these criteria (28). 
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The bactericidal activity of the new quinolones could make them the most 
effective treatment in the severest cases. On the other hand, in contrast to the 
wealth of information on the high clinical effectiveness of erythromycin in 
legionellosis, relatively little is known about these new drugs in large series of 
patients. There is enough information, however, for many authorities to argue 
for the use of quinolones as the treatment of choice for Legionella infections 
in immunosuppressed patients, based on the lack of pharmacologic 
interactions in that special subset of the population (1). 

One more step, other authors have supported the choice of new quinolones as 
the best therapy in most cases of severe Legionnaires' disease, regardless of 
the type of population involved (29). This issue, to some extent controversial, 
is probably going to persist indefinitely since controlled clinical studies that 
could produce relevant conclusions are very unlikely to be performed. The 
clinical relevance of a large number of in vitro and experimental studies 
trying to compare old and new antimicrobials against Legionella spp. remains 
to be elucidated (27,28). 

Although these studies have undoubtely provided insight into the high 
intrinsic activity of these new antimicrobials, discrepancies between different 
studies are often perplexing. The feeling of some uncertainty that derives 
from these conflicting results, probably in part due to methodological pitfalls, 
is reduced by two important facts. First, Legionella resistance to appropriate 
antimicrobials does not seem to be a clinically significant problem. Reported 
treatment failures do not appear to be associated with the emergence of 
resistant strains. Second, there is substantial evidence supporting the notion 
that a delay in the onset of appropriate treatment is a most crucial therapeutic 
factor clearly related to adverse outcome. This fact has warranted the 
inclusion in international guidelines of an antimicrobial agent clinically 
effective against Legionella spp. in the first-line empirical therapeutic 
approach to severe CAP of unknown cause. A summary of therapeutic options 
in severe Legionnaires' disease is shown in Table 4-2. 

It must be emphasized that these recommendations are not based on 
controlled trials but just on clinical experience (quite limited in some cases), 
animal models and in vitro susceptibility studies. In severe legionellosis 
intravenous therapy must be given until a clinical response is observed. 
Although there are no definite guidelines for switching to oral treatment, the 
general criteria reported by Ramirez et al. also seem to be acceptable for 
legionellosis, at least in the non-immunocompromised population (30). The 
availability of some antibiotics, especially the intravenous forms of 
c1arithromycin and azithromycin, is not worldwide and depends on the 
specific country under consideration. 
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Table 4-2. Recommended antibiotic monotherapyfor legionellosis 
Antimicrobial agent Dosage 

Azithromycin 
Clarithromycin 
Doxycycline 
Erythromyc in 
Levofloxacin 
Trovatloxacin 

500 mg every 24 hours 
500 mg every 12 hours 
100 mg every 12 hours 
I g every 6 hours 
500 mg every 24 hours 
200 mg every 24 hours 

Although highly active against Legionella spp., rifampicin has sometimes 
induced the rapid appearance of resistant strains in vitro when administered 
alone (27). This fact has precluded its use as monotherapy. However, it has 
been used in combined treatment at a dosage of 300 to 600 mg every 12 
hours. As stated above, the intravenous route is preferable, but in many 
countries this drug is only available in oral form. Again on the basis of a few 
uncontrolled studies, it has been suggested that cotrimoxazole could be 
especially effective against L. micdadei. The recommended intravenous dose 
is 160 mg of trimetoprim and 800 mg of sulfamethoxazole every 8 hours 
(1,27,28). There is a number of other antibiotics that, usually on the basis of 
isolated reports or very limited series, have been shown to be effective for 
legionellosis. The majority of them lack an available parenteral form or are 
still in the research phase in the United States and other countries (31). 
Among them we could cite a few macrolides (josamycin, dirithromycin, 
roxithromycin, spiramycin), minocycline, tetracycline, an~ quinupristin / 
dalfopristin. Ciprofloxacin and the older quinolones have clearly been 
replaced by the newer third and fourth generation quinolones, that show more 
effective activity and many pharmacokinetic advantages. 

Dual infection by Legionella and other organisms is possible although it does 
not seem to be frequent. The surprisingly high frequency of different 
additional etiologies found among the 56 hospitalized cases of legionellosis 
reported by Lieberman et al. has not been corroborated in other studies 
performed in different geographical areas (5). Methodologic drawbacks, 
particularly in the use of innovative serologic diagnostic criteria, could 
account for the high percentage of many allegedly dual infections. In any 
case, the more common association of infection by Mycoplasma pneumoniae 
or Chlamydia pneumoniae does not offer therapeutic problems since the 
present effective therapies for legionellosis are also active against these other 
intracellular organisms. In the case of other etiologies, such as pneumococcus, 
the high prevalence of resistance to macrolides or tetracyclines in certain 
countries would have to be kept in mind in such circumstances. 
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Combined Treatment 

A number of in vitro and experimental studies have suggested a variety of 
possible antimicrobial combinations that allegedly could improve the efficacy 
of antibiotic treatment in selected, very severe cases of legionellosis (27,28). 
As stated above, to the best of our knowledge, no dogmatic conclusions can 
be drawn from these studies. Although a matter of some controversy, the 
association of macrolides and rifampicin has been, for many years, the 
standard for combined treatment for severe legionellosis. More recently, the 
combination of macrolides with one of the new fluoroquinolones has shown 
preliminary promising results (32). These findings should be confirmed in 
future clinical trials since, so far, no good clinical data exist confirming the 
superiority of combination therapy over single-antibiotic treatment. In any 
case, in the most severe cases of legionellosis, especially if a lack of clinical 
response is observed after 3-4 days of therapy, it seems logical to choose any 
of these combination therapies in an attempt to obtain synergy. 

Duration of Therapy 

Contrary to cases of more benign disease, a complete course oftherapy lasting 
at least 14 days in previously healthy, immunocompetent patients seems more 
prudent in severe Legionnaires' disease. In the case of azithromycin, because 
of the peculiar pharmacokinetic properties of the drug, a shorter than usual 
treatment has been suggested, but again clinical data on that subject are very 
limited. To avoid the risk of recrudescence, a 3-week course of treatment 
seems most suitable in patients with any significant underlying co-morbidity, 
invasive disease with any form of extrapulmonary involvement, and 
immunocompromise due to either immunosupressive disease or therapies with 
corticosteroids or cytostatic drugs. Recurrence after a complete, long course 
of treatment in patients with AIDS has been reported (33). Therefore, special 
attention must be paid to these patients' outcome even after a good initial 
clinical response. A longer than usual course of oral treatment might also be 
considered. The optimal duration of therapy in the peculiar case of prosthetic 
valve endocarditis is not known. Probably, a few months' course of treatment 
will be required, especially if the valve is not surgically replaced. 

Other Measures 

Respiratory failure is a major cause of fatality in Legionnaires' disease. 
Legionella is one of the infectious agents which are capable of causing acute 
respiratory distress syndrome (ARDS). Recently, it has been suggested that 
ARDS caused by direct pulmonary disease, as happens in legionellosis, may 
show some differences in respiratory mechanics and response to positive end-
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expiratory pressure (PEEP) when compared to ARDS caused by 
extrapulmonary disease. Further studies will be required to support the 
clinical importance of these findings (34). 

Hemodynamic control in severe legionellosis must be a priority since shock, 
not surprisingly, is an excellent predictor of poor outcome and death (18). 
Also, special attention should be paid to the possible development of 
rhabdomyolysis. Since associated renal failure may be frequent in these 
patients, early recognition and aggressive treatment with fluids and 
electrolytes could improve their outcome. 

As stated above, a variety of extrapulmonary manifestations of the disease 
have been reported. Some of them, especially those characterized by purulent 
collections, may require a surgical approach, such as drainage or prosthetic 
heart valve replacement. 

Interestingly, in some cases of severe legionellosis characterized by a 
protracted course unresponsive to usually highly effective antibiotic therapy, 
a subset of distinctive inflammatory histologic patterns has been observed on 
lung tissue examination (27). Plasma-cell pneumonia, organizing pneumonia, 
fibrosing alveolitis, bronchiolitis obliterans, and more recently nonspecific 
interstitial pneumonia have all been reported (35). The clinical relevance of 
these case reports is that they show an intriguing recovery after such an 
apparently contraindicated therapy as corticosteroids was undertaken. 
Consequently, it seems that in severe legionellosis with a protracted course 
unresponsive to appropriate antibiotic treatment, the option of an open lung 
biopsy should be considered in those cases in which less invasive procedures 
fail to reveal a persistence of active Legionella infection. 

Anecdotal reports suggesting a favorable effect of hemofiltration therapy in 
severe legionellosis, especially when systemic complications such as shock 
and disseminated intravascular coagulation occur, have been reported very 
occasionally. Although the hypothesis of removing toxic substances which 
are not well-documented is attractive, there is not enough solid evidence to 
recommend this approach routinely in these circumstances (36). The finding 
of an increase of pulmonary defenses after intratracheal administration of 
interferon-gamma in experimental legionellosis has not been investigated, to 
the best of our knowledge, in the human being (37). The development of a 
vaccine for Legionnaires' disease is still in the stage of basic research (38). 
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