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to multiply within mammalian cells (91). These bacteria cause
respiratory disease in humans when a susceptible host inhales
aerosolized water containing the bacteria or aspirates water
containing the bacteria.

INTRODUCTION
Legionnaires’ disease has a false but enduring status as an
exotic plague. In reality, this disease is a common form of
severe pneumonia, but these infections are infrequently diagnosed. Failure to diagnose Legionnaires’ disease is largely due
to a lack of clinical awareness. In addition, legionellae, the
bacteria that cause this disease, are fastidious and not easily
detected.
Legionellae are gram-negative bacteria found in freshwater
environments. The first strains of Legionella were isolated in
guinea pigs by using procedures for the isolation of Rickettsia
(203). The first was isolated in 1943 by Tatlock, with another
strain isolated in 1947 by Jackson et al. (268). In 1954, Drozanski isolated a bacterium that infected free-living amoebae from
soil in Poland (68). This organism was classified as a species of
Legionella in 1996 (143). The genus Legionella was established
in 1979 after a large outbreak of pneumonia among members
of the American Legion that had occurred 3 years earlier (38,
104) and was traced to a previously unrecognized bacterium,
Legionella pneumophila (203). Legionellae are intracellular
parasites of freshwater protozoa and use a similar mechanism

Clinical Presentation
Legionellosis classically presents as two distinct clinical entities, Legionnaires’ disease, a severe multisystem disease involving pneumonia (104), and Pontiac fever, a self-limited flulike illness (114). Additionally, many persons who seroconvert
to Legionella will be entirely asymptomatic (33).
It is not possible to clinically distinguish patients with Legionnaires’ disease from patients with other types of pneumonia (76). Features of Legionnaires’ disease include fever, nonproductive cough, headache, myalgias, rigors, dyspnea,
diarrhea, and delirium (273). Although no chest X-ray pattern
can separate this infection from other types of pneumonia,
alveolar infiltrates are more common with Legionnaires’ disease (188). The key to diagnosis is performing appropriate
microbiologic testing when a patient is in a high-risk category.
There is some debate as to whether Legionnaires’ disease
presents as a clinical spectrum or whether the only manifestation of disease is pneumonia. In a study of persons exposed to
L. pneumophila who did not develop pneumonia during a large
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Microbial Ecology
Water is the major reservoir for legionellae, and the bacteria
are found in freshwater environments worldwide (98). Legionellae have been detected in as many as 40% of freshwater environments by culture and in up to 80% of freshwater sites by
PCR (90). A single exception to this observation is Legionella
longbeachae, a frequent isolate from potting soil (257). This
species is the leading cause of legionellosis in Australia and
occurs in gardeners and those exposed to commercial potting
soil (244). The first U.S. cases of L. longbeachae infection
associated with potting soil were reported in 2000 (45).
L. pneumophila multiplies at temperatures between 25 and
42°C, with an optimal growth temperature of 35°C (159). Most
cases of legionellosis can be traced to human-made aquatic
environments where the water temperature is higher than ambient temperature. Thermally altered aquatic environments

can shift the balance between protozoa and bacteria, resulting
in rapid multiplication of legionellae, which can translate into
human disease. Legionellosis is a disease that has emerged in
the last half of the 20th century because of human alteration of
the environment. Left in their natural state, legionellae would
be an extremely rare cause of human disease, as natural freshwater environments have not been implicated as reservoirs of
outbreaks of legionellosis. Some outbreaks of legionellosis
have been associated with construction, and it was originally
believed that the bacteria could survive and be transmitted to
humans via soil. However, L. pneumophila does not survive in
dry environments, and these outbreaks are more likely the
result of massive descalement of plumbing systems due to
changes in water pressure during construction (159, 205).
Association with Amoebae
The presence of the bacteria in an aquatic environment and
warm water temperature are two factors that can increase the
risk of Legionnaires’ disease. The third component is the presence of nutritional factors that allow the bacteria to amplify.
These bacteria require a unique combination of nutrients in
order to be grown in the laboratory. Initially, these unusual
nutritional requirements appeared to contradict the widespread distribution of legionellae in freshwater environments.
The levels of nutrients that legionellae require are rarely found
in fresh water and, if present, would serve only to amplify
faster-growing bacteria that would compete with the legionellae. However, these nutrients represent an intracellular environment, not soluble nutrients commonly found in fresh water.
Legionellae survive in aquatic and moist soil environments
as intracellular parasites of free-living protozoa (91, 243).
These bacteria have been shown to multiply in 14 species of
amoebae, two species of ciliated protozoa, and one species of
slime mold, while growth of legionellae in the absence of protozoa has been documented only on laboratory media (91, 123,
254). Protozoa naturally present in environments implicated as
sources of Legionnaires’ disease can support intracellular
growth of legionellae in vitro (17). While protozoa are the
natural hosts of legionellae, the infection of human phagocytic
cells is opportunistic. Much of our understanding of the pathogenesis of legionellae has come from an analysis of the infection process in both protozoa and human host cells. Studies
contrasting the role that virulence factors play in these two host
populations allow speculation on the bacteria’s transition from
their obligatory relationship with protozoa to their opportunistic relationship with humans.
Association with Biofilms
Legionellae survive within biofilms in building water systems. The bacteria are more easily detected from swab samples
of biofilm than from flowing water, suggesting that the majority
of the legionellae are biofilm associated (235). A limited number of studies have attempted to characterize the bacteria’s
interaction within these complex ecosystems (236, 237, 282).
These studies have evaluated the effect of temperature and
surface materials on the growth of L. pneumophila as well as
the effect of biocides on sessile legionellae. The use of biofilm
models to evaluate biocide efficacy against L. pneumophila
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outbreak of Legionnaires’ disease in the Netherlands, there
was no difference in the rate of respiratory symptoms between
those who were seropositive and those who were seronegative.
This would suggest that patients either develop pneumonia or
are asymptomatic (33). Outbreaks of legionellosis have occurred in which some patients develop Legionnaires’ disease
and others Pontiac fever (21).
One species of Legionella, L. pneumophila, causes approximately 90% of all reported cases of legionellosis in the United
States (199; R. E. Besser, unpublished data). This figure may
be inflated because most diagnostic tests are specific for L.
pneumophila. Currently, there are 48 species comprising 70
distinct serogroups in the genus Legionella (5, 23, 184, 185).
Although there are now 15 serogroups of L. pneumophila, 79%
of all culture-confirmed or urine antigen-confirmed cases are
caused by L. pneumophila serogroup 1 (199; A. L. Benin and
R. E. Besser, Abstr. 41st Intersci. Conf. Antimicrob. Agents
Chemother., abstr. 873, 2001). Approximately one-half of the
48 species of legionellae have been associated with human
disease. Since all legionellae are presumed to be capable of
intracellular growth in some host cell (91), it is likely that most
legionellae can cause human disease under the appropriate
conditions (91). Infections due to the less common strains of
Legionella are infrequently reported because of their rarity and
because of the lack of diagnostic reagents (90).
Studies have estimated that between 8,000 and 18,000 persons are hospitalized with legionellosis annually in the United
States (200). The disease is a major concern of public health
professionals and individuals involved with maintaining building water systems. Legionellosis is generally considered a preventable illness because controlling or eliminating the bacterium in certain reservoirs will prevent cases of the disease.
This concept of preventable illness has resulted in a number of
guidelines and new control strategies aimed at reducing the
risk of legionellosis in building water systems. The factors that
lead to outbreaks or cases of Legionnaires’ disease are not
completely understood, but certain events are considered prerequisites for infection. These include the presence of the
bacterium in an aquatic environment, amplification of the bacterium to an unknown infectious dose, and transmission of the
bacteria via aerosol to a human host that is susceptible to
infection (103).
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PATHOGENESIS
The Intracellular Cycle
Our understanding of the pathogenesis of Legionella spp.
has grown tremendously in the past 10 years. Two major areas
of accomplishment are characterization of the life cycle of
legionellae and identification of virulence determinants by molecular techniques.
The primary feature of the pathogenesis of legionellae is

their ability to multiply intracellularly. The life cycle of legionellae has been characterized in both protozoa and mammalian
cells. Current understanding of this infectious cycle is outlined
in Fig. 1. Studies of the infectious cycle are primarily based on
microscopic observation by transmission and scanning electron
microscopy and by fluorescent microscopy after labeling various bacterial and host cell components.
A series of classic experiments performed by Horwitz and
associates in the 1980s outlined the basic pathway for L. pneumophila in human phagocytic cells. These studies determined
that the bacteria enter the cells by coiling phagocytosis and
that, once phagocytized, the bacteria reside within a unique
phagosome that does not fuse with lysosomes or become highly
acidic (145, 147, 148). Phagocytosis in human monocytes has
been shown to be partly mediated by a three-component system composed of complement receptors CR1 and CR3, although the role of these receptors has never been determined
(20, 223). Horwitz also described the interaction of the phagosome with mitochondria and ribosome-studded vesicles (144).
Rowbotham first demonstrated that L. pneumophila could
infect amoebae and later characterized the life cycle of the
bacterium in amoebae based entirely on observations made by
light microscopy (240, 243). He noted that the bacteria would
attach to extended trophozoites and enter the amoeba cell as
several bacteria per vesicle. The bacteria initiated multiplication and became motile inside the host cell. Rowbotham also
noted that the bacteria could either leave the host cell after
lysis or be maintained within an encysted amoeba (240). Two
growth phases were described for the bacterium. The multiplicative form was nonmotile and contained a rumpled wall and
little or no ␤-hydroxybutyrate. The nonmultiplicative or infective forms were smaller, with smooth walls, motile, and contained numerous ␤-hydroxybutyrate inclusions.
Recently, these phases of the L. pneumophila life cycle have
been characterized in greater detail, linking the expression of
several traits with a particular phase of growth. Hammer and
Swanson have proposed that host cell amino acid depletion
causes the accumulation of 3⬘,5⬘-bispyrophosphate (ppGpp)
(125). This would increase the amount of stationary-phase 
factor RpoS, resulting in the expression of stationary-phase
genes. The stationary-phase proteins facilitate the infection of
a new host cell and include sodium sensitivity, cytotoxicity,
osmotic resistance, motility, and evasion of phagosome-lysosome fusion (263). Additional evidence for a precise cell cycle
comes from the observation that expression of flagellin is coordinately regulated with the bacteria’s ability to infect host
cells. Pruckler et al. demonstrated a link between the loss of
flagellar protein (Fla⫺) and loss of the ability to multiply in H.
vermiformis and U937 cells (227). However, some Fla⫺ strains
retained their intracellular capability, demonstrating that the
flagellar protein itself is not a virulence factor. These observations were confirmed by analysis of 30 laboratory-maintained
strains of legionellae, showing that all strains possessing intact
flagella were able to infect H. vermiformis, while strains that did
not possess flagellar protein were unable to infect the amoebae
(34).
There are striking similarities in the processes by which
legionellae infect protozoa and mammalian phagocytic cells.
Microscopically, the processes are virtually identical, although
notable differences in the mechanism of entering and exiting
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represents a vast improvement over previous studies, which
primarily evaluated the susceptibility of agar-grown bacteria in
sterile water (120, 174).
The majority of Legionella-biofilm studies that have been
conducted employed naturally occurring microbial communities. Such studies have the advantage of representing a true
and natural microbial community, but not all the organisms
present have been identified and their contribution to the
survival and multiplication of legionellae remains unknown.
Biofilm matrices are known to provide shelter and a gradient
of nutrients. The complex nutrients available with biofilms
have led some researchers to propose that the biofilms support
the survival and multiplication of legionellae outside a host cell
(237). This concept is certainly plausible; most facultative intracellular bacteria are known to multiply extracellularly in some
environments. If legionellae can multiply extracellularly within
biofilms, the characterization of this phenomenon could have
tremendous impact on control strategies for the prevention of
legionellosis.
Investigators have attempted to detect extracellular growth
of L. pneumophila by using a biofilm reactor and a defined
bacterial biofilm grown on nonsupplemented potable water
(211). The base biofilm was composed of Pseudomonas aeruginosa, Klebsiella pneumoniae, and the Flavobacterium-like organism isolated from a water sample containing legionellae.
The addition of the amoeba Hartmannella vermiformis to the
reactor resulted in a reproducible equilibrium between the
amoeba and heterotrophic bacteria. L. pneumophila associated
with and persisted in these biofilms with and without H. vermiformis. L. pneumophila cells did not appear to develop microcolonies, and growth measurement studies indicate that L.
pneumophila did not multiply within this biofilm in the absence
of amoebae. L. pneumophila did multiply in the biofilm and
planktonic phase in the presence of H. vermiformis, and the
majority of these bacteria appeared to be shed into the planktonic phase. These studies suggest that L. pneumophila may
persist in biofilms in the absence of amoebae, but in the model,
the amoebae were required for multiplication of the bacteria.
This model biofilm was constructed of five preselected organisms and does not represent the many potentially diverse biofilms that may support the growth of legionellae in the environment. Additional studies are needed to determine if
legionellae possess a means to multiply independent of a host
cell within biofilms.
The control of biofilm-associated legionellae may lead to the
most effective control measures to prevent legionellosis. Institutions that have experienced outbreaks of legionellosis are all
too aware of how tenacious legionellae can be within building
water system biofilms.
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the host cell do exist. The method of uptake of the bacteria has
been described as coiling phagocytosis in both macrophages
and amoebae (37, 146). Subsequently, studies have determined
that L. pneumophila can enter host cells by conventional
phagocytosis (50). The significance of coiling phagocytosis remains unclear, and this form of uptake has only been observed
by transmission electron microscopy. L. pneumophila cells attach to small hair-like projections (filapodia) of the amoeba H.
vermiformis (93). Filapodia are hair-like, naturally adherent
structures, and the bacteria may bind to the projections by
random encounter. Once attached to a Hartmannella host cell,
the bacteria rapidly enter the cell by a nonphagocytic process.
Studies with the metabolic inhibitors methylamine and cytochalasin D have shown that L. pneumophila enter H. vermiformis by a form of receptor-mediated endocytosis (162). Actin
polymerization, an essential component of phagocytosis, is not
required for L. pneumophila to infect H. vermiformis, although
polymerization is essential for the infection of human monocyte-like cells (U937). The attachment of L. pneumophila to H.
vermiformis induces a time-dependent tyrosine dephosphorylation of multiple host proteins, including a 170-kDa protein
homologue of the Entamoeba histolytica galactose- and

N-acetylgalactosamine(Gal/GalNAc)-inhibitable lectin (277).
This lectin is a putative receptor for the attachment of L.
pneumophila to H. vermiformis.
Another difference between the uptake of L. pneumophila in
human phagocytic cells and H. vermiformis is the role of host
cell protein synthesis. Cycloheximide, an inhibitor of eukaryotic cell protein synthesis, inhibits the ability of L. pneumophila
to enter H. vermiformis cells in a dose-dependent manner (2).
L. pneumophila requires host cell protein synthesis to infect H.
vermiformis but not to infect human U937 cells. The role of the
proteins synthesized during bacterial cell uptake remains undefined.
Once an L. pneumophila cell has entered a host, the bacterium occupies a unique phagosome that does not follow the
endosomal pathway. A number of studies have shown that the
L. pneumophila phagosome does not possess markers or characteristics of conventional phagosomes. Swanson and Hammer
have published an extensive review of these studies (263).
Briefly, the early L. pneumophila phagosome lacks alkaline
phosphatase, major histocompatibility complex (MHC) class I
and II markers, transferrin receptors, Rab 7, LAMP-1, and
cathepsin D. In addition, these vacuoles do not accumulate
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FIG. 1. Life cycle of L. pneumophila in protozoa and human macrophages.
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Identification of Virulence Determinants by Molecular
Techniques
A number of virulence factors have been described for L.
pneumophila. This discussion will be limited to genes and gene
products that play a role in the infection of mammalian and
protozoan cells. The study of virulence factors in such diverse
hosts has led to much speculation on the evolution of intracellular pathogens. This increasing body of research suggests that
some intracellular pathogens of higher vertebrates acquired
this ability in response to predation by protozoa (3, 91, 263).
This interaction provides an excellent selective pressure for the
acquisition of factors facilitating intracellular survival and, subsequently, infection.
In 1989, the first virulence-associated gene of L. pneumophila was detected by site-specific mutagenesis. This gene, designated mip for macrophage infectivity potentiator, encodes a
24-kDa surface protein (Mip) (48). Mip is a prokaryotic homolog of the FK506-binding proteins and exhibits peptidylprolyl-cis/trans isomerase activity (97). Subsequently, mip-like
genes have been detected in other species of Legionella and
other bacteria (47, 231). mip is required for efficient infection
of guinea pigs, mammalian phagocytic cells, and protozoa, and
this was the first gene shown to be involved in the pathogenesis
of both mammalian and protozoan hosts (49). The mechanism
of action for Mip remains unknown.
Genes within the loci encoding the type IV secretion system
of L. pneumophila were the first factors detected that were

essential for infection of the host cell. These loci comprise 24
genes in two separate regions of the Legionella chromosome
and have been named Dot/Icm (defective for organelle trafficking/intracellular multiplication) (28, 196). This type IV secretion system encodes factors involved in the assembly and
activation of conjugal transfer of plasmid DNA (263, 281). It is
believed that L. pneumophila utilizes these operons to deliver
virulence factors required for entering the host cell in a manner that initiates the infectious process. It is postulated that the
system delivers a protein during phagocytosis that diverts the
phagosome from the endocytic pathway. The only secreted
substrate that has been identified for the Dot/Icm system is
DotA, a polytopic membrane protein (213). A 19-amino-acid
leader peptide is removed from DotA prior to secretion.
Genes encoding the loci for type II secretion systems are
required for unrestricted intracellular growth of L. pneumophila. This type II secretion system is similar to the PilBCD
piliation system in Pseudomonas aeruginosa (181). These genes
were detected in L. pneumophila by analysis of mutants defective in type IV pilus formation (259). The two genes that have
been analyzed the most extensively are pilE (pilin protein) and
pilD (prepilin peptidase) (181, 259), The pilE gene/pilin protein is not required for intracellular growth but may be involved in attachment to the host cell. The pilD gene encodes
the prepilin peptidase and is essential for pilus production and
type II secretion of proteins. The ability of the pilD mutant
strain to multiply within U937 cells, H. vermiformis, and guinea
pigs is greatly impaired (180). In addition, this mutant showed
reduced secretion of enzymatic activities (11, 12). The secreted
protein that facilitates intracellular growth of L. pneumophila
has not been identified. Recent studies have shown that loss of
type II secretion explains the intracellular defect of the pilD
mutant in amoeba, while a novel pilD-dependent mechanism
may be involved in the infection of human cells (239).
Several other loci involved in the intracellular growth of L.
pneumophila have been identified. These include mak (macrophage killing), mil (macrophage-specific infectivity loci), and
pmi (protozoan and macrophage infectivity) (109, 110, 245).
Defects in any of these loci result in either decreased intracellular multiplication of the organism or complete abolition of
intracellular growth. The mechanism of action of these genes is
not known.
Additional potential virulence factors include several cytotoxins, heat shock proteins, phospholipases, lipopolysaccharides, compounds associated with acquisition of iron, and metalloproteases (263). These factors will not be addressed in this
review.
DIAGNOSIS
Taxonomy
The family Legionellaceae consists of the single genus Legionella. Some investigators have proposed placing the legionellae in three separate genera: Legionella, Fluoribacter, and Tatlockia (102, 112). However, recent studies using 16S rRNA
analysis confirm the family Legionellaceae as a single monophyletic subgroup within the gamma-2 subdivision of the Proteobacteria (23, 106). Within the genus Legionella, the DNA
relatedness between strains of a given species is at least 70%,
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endocytic tracers such as Texas Red-ovalbumin, CM-DiI, or
Alexa Fluor-streptavidin.
L. pneumophila occupies a vacuole that is independent of
the endocytic pathway. Approximately 4 to 6 h after entering
the host cell, the L. pneumophila phagosome is associated with
ribosome-studded membranes that have been shown to be the
host cell endoplasmic reticulum. Studies using antisera to detect the endoplasmic reticulum-specific protein BiP have
shown that the protein colocalizes with the L. pneumophila
phagosome in both protozoa and human host cells (1, 264).
This capability is shared by Brucella abortus, another intracellular bacterial pathogen which multiplies within the host cell
endoplasmic reticulum (60). L. pneumophila avoids lysosomes
and the traditional endocytic pathway by utilizing a novel pathway into the host cell. It is not clear how much of this novel
means of uptake is directed by the pathogen and what portion
of this mechanism is under the control of the host cell.
The final stage of the infectious cycle is host cell death and
release of the bacteria. L. pneumophila kills its host cell by
either apoptosis or necrosis mediated by a pore-forming activity or both. In macrophages and alveolar epithelial cells, L.
pneumophila induces apoptosis during the early stages of infection (107, 124). A second phase of necrosis induced by a
pore-forming activity takes place in infected human phagocytes. In contrast, death of host amoeba cells has not been
associated with apoptosis in studies utilizing Acanthamoeba
castellani and Acanthamoeba polyphaga (108, 124). The poreforming activity of L. pneumophila is required for killing and
exiting A. polyphaga. These studies suggest that a different
mechanism is used for killing and exiting mammalian and protozoan host cells.
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TABLE 1. Legionella species and serogroupsa

1.
2.
3.
4.
5.

L.
L.
L.
L.
L.

Species

No. of serogroups

No. associated with disease

pneumophila
bozemanii
dumoffii
micdadei
longbeachae

15
2
1
1
2

15
2
1
1
2

1
1
2
2
1

1
1
2
2
1

6. L. jordanis
7. L. wadsworthii
8. L. hackeliae
9. L. feeleii
10. L. maceachernii
11.
12.
13.
14.
15.

L.
L.
L.
L.
L.

birminghamensis
cincinnatiensis
gormanii
sainthelensi
tucsonensis

1
1
1
2
1

1
1
1
2
1

16.
17.
18.
19.
20.

L.
L.
L.
L.
L.

anisa
lansingensis
erythra
parisiensis
oakridgensis

1
1
2
1
1

1
1
1b
1
1

21.
22.
23.
24.
25.

L.
L.
L.
L.
L.

spiritensis
jamestowniensis
santicrucis
cherrii
steigerwaltii

1
1
1
1
1

0
0
0
0
0

26.
27.
28.
29.
30.

L.
L.
L.
L.
L.

rubrilucens
israelensis
quinlivanii
brunensis
moravica

1
1
2
1
1

0
0
0
0
0

31.
32.
33.
34.
35.

L.
L.
L.
L.
L.

gratiana
adelaidensis
fairfieldensis
shakespearei
waltersii

1
1
1
1
1

0
0
0
0
0

36.
37.
38.
39.
40.

L.
L.
L.
L.
L.

genomospecies
quateirensis
worsleiensis
geestiana
natarum

1
1
1
1
1

0
0
0
0
0

41.
42.
43.
44.
45.

L.
L.
L.
L.
L.

londoniensis
taurinensis
lytica
drozanskii
rowbothamii

1
1
1
1
1

0
0
0
0
0

1
1
1

0
0
0

46. L. fallonii
47. L. gresilensis
48. L. beliardensis

a
Species are listed in chronological order based on the date of isolation or
identification.
b
Serogroup 2 of L. erythra has been associated with human disease.

terns (89, 178). This method was shown to be complementary
to analysis by fluorescent antibody, fatty acid, and ubiquinone
analysis for identification of Legionella spp. prior to DNADNA hybridization.
Identification of Legionella species by serologic methods is
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whereas the DNA relatedness of one species to another is less
than 70% (23). This conforms to the definition for a genus and
species as defined by an ad hoc committee on reconciliation of
approaches to bacterial systematics (23). Phylogenetically, the
nearest relative to the Legionellaceae is Coxiella burnettii, the
etiologic agent of Q fever (4, 263). These organisms have
similar intracellular lifestyles and may utilize common genes to
infect their host.
The number of species and serogroups of legionellae continues to increase. As previously mentioned, there are currently 48 species comprising 70 distinct serogroups in the genus
Legionella (Table 1). There are 15 serogroups of L. pneumophila and two each in L. bozemanii, L. longbeachae, L. feeleii, L.
hackeliae, L. sainthelensi, L. spiritensis, L. erythra, and L. quinlivanii, and a single serogroup in each of the remaining species
(23). Some legionellae cannot be grown on routine Legionella
media and have been termed Legionella-like amoebal pathogens (LLAPs) (242). These organisms have been isolated and
maintained by cocultivating the bacteria with their protozoan
hosts. One LLAP strain was isolated from the sputum of a
pneumonia patient by enrichment in amoebae and is considered a human pathogen (242). Additional LLAP strains may
be human pathogens, but proving this is difficult because they
cannot be detected by conventional techniques used for legionellae. Recently, three LLAP strains were named Legionella
species (5).
Legionellae are identified by growth on buffered charcoal
yeast extract (BCYE), appropriate colonial morphology, and a
requirement for the amino acid L-cysteine (excepting L. oakridgensis and L. spiritensis) (92). Isolates that react with specific
antisera against known Legionella species are confirmed legionellae. When such isolates fail to react with specific antisera
to all known Legionella species, they must be evaluated as
potential new species within this genus. Species within the
Legionellaceae can be distinguished by biochemical analysis,
fatty acid profiles, protein banding patterns, serology, and nucleic acid analysis (23).
Biochemical data for legionellae other than L. pneumophila
are limited. Legionellae are gram-negative, catalase-positive,
motile rods with polar or lateral flagella (23). Most species
produce beta-lactamase and liquefy gelatin. The oxidase reaction is variable, and reactions for nitrate reduction, urease, and
carbohydrate utilization are negative. Amino acids are the
carbon source for legionellae (224). Strains belonging to all
serogroups of L. pneumophila except serogroups 4 and 15
strongly hydrolyze hippurate (133). Several laboratories have
described methods for identifying putative Legionella isolates
to the genus level and in some cases to the species level by
using phenotypic characteristics (101, 129, 278).
All legionellae contain large amounts of branched-chain cellular fatty acids and contain ubiquinones with side chains of 9
to 14 isoprene units (208). The use of fatty acid and ubiquinone
profiles allows all members of the Legionellaceae to be assigned
to the genus. Although not all strains can be reliably identified
to the species level, the narrowing of strains to groups facilitates further serologic testing and confirms additional tests.
Legionellae have been characterized based on analysis of
soluble peptides by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and protein profiling of native
proteins by PAGE of soluble cytoplasmic protein banding pat-
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These media can be prepared with or without indicator dyes,
which impart a color specific for certain species of Legionella
(279). Although the majority of Legionella spp. grow readily on
BCYE agar, some require supplementation with bovine serum
albumin to enhance growth (207).
Culture diagnosis remains the gold standard for diagnosis of
legionellosis and is the most specific diagnostic procedure.
Based upon culture of serologically positive (fourfold rise)
patients, the sensitivity is near 60% and the specificity is near
100% (74, 192). However, a number of factors limit the sensitivity of culture. First, laboratories experienced in the isolation
of legionellae are more likely to recover the organism. A survey by the College of American Pathologists indicated that as
many as two-thirds of clinical microbiology laboratories in the
United States are unable to grow a pure and heavy culture of
L. pneumophila (76). Moreover, to improve the specificity of
the diagnosis of pneumonia caused by pyogenic bacteria, hospital laboratories commonly reject sputum specimens containing many squamous epithelial cells or few polymorphonuclear
leukocytes. However, some patients with Legionnaires’ disease
produce little or nonpurulent sputum, and sputum specimens
that would be routinely discarded may contain culturable legionellae (150). The bacteria survive poorly in respiratory secretions, and immediate culture of these specimens is critical
(R. F. Benson, unpublished data). The reported sensitivity of
culture isolation from respiratory secretions ranges widely,
from 20 to 80%, reflecting the perishable nature of these specimens and the expertise required (238).
Legionellae can be isolated from a number of specimens,
including blood, lung tissue, lung biopsy specimens, respiratory
secretions (sputum, bronchial alveolar lavage [BAL], and bronchial aspirates), and stool (74, 241). Respiratory secretions are
considered the specimen of choice (74). In a recent review,
Maiwald et al. suggested that sputum was less suitable than
other respiratory secretions, especially in early disease, when
few patients have a productive cough (192). When culturing
sputum, it is best to pretreat the sample by either acidification
or heat (40, 81). Legionella has also been cultured from a
number of extrapulmonary sites such as bone marrow, prosthetic heart valves, and sternal wounds (67, 75). Several guidelines give detailed methods for the isolation of Legionella spp.
from clinical samples (67, 260, 280, 285).

Culture of Legionella
L. pneumophila was first isolated by using Mueller-Hinton
agar supplemented with hemoglobin and IsoVitaleX (MH-IH)
(88). The essential component in hemoglobin was found to be
a soluble form of iron, and L-cysteine is the essential amino
acid provided by the IsoVitaleX. These refinements led to the
development of Feeley-Gorman agar, which provides better
recovery of the organism from tissue (88). Later, starch was
replaced with charcoal to detoxify the medium and the amino
acid source was changed to yeast extract, resulting in charcoal
yeast extract agar (87). Charcoal yeast extract agar is the base
form for most media used to grow legionellae. The medium
used for the culture of legionellae has been improved several
times, eventually resulting in the medium currently used, buffered charcoal-yeast extract (BCYE) agar enriched with ␣-ketoglutarate with and without selective agents added (71, 73, 221).
Culture requires the use of selective and nonselective media.

DFA Detection of Legionella
Microscopic examination of specimens using direct fluorescent antibody (DFA) staining was the first method used to
detect legionellae in lung tissue (from autopsy or biopsy specimens) and respiratory secretions. Legionellae can be detected
in respiratory secretions by DFA for several days after the start
of antimicrobial therapy. DFA staining has also been used for
serologic identification of Legionella isolates, as mentioned
previously. A limited number of fluorescein-conjugated polyclonal sera are available for L. pneumophila serogroups and
non-L. pneumophila species. The specificity and sensitivity of
these reagents have not been evaluated, and cross-reactions
with non-Legionella bacteria have been reported (25, 79, 154,
219). It has been recommended that polyclonal antisera to
non-L. pneumophila species not be used for routine testing of
clinical samples unless there is a high suspicion of disease due
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the most frequently used technique. Antisera produced in rabbits have been prepared against all species and serogroups of
Legionella and have been used in the Centers for Disease
Control and Prevention (CDC) laboratory to identify most
Legionella strains in a slide agglutination test (23, 270). It
should be noted that these sera have been found to cross-react
with new serogroups and species not previously identified.
These antisera are not available commercially, and only a very
limited number of laboratories have antisera to all species.
Several commercial suppliers have produced antisera to a limited number of Legionella species and serogroups for use in
identifying cultures by either direct fluorescent antibody or
latex agglutination. Cross-reactions with non-Legionella bacteria have been reported for antisera produced against several
Legionella species and serogroups (25, 80, 154). Monoclonal
antibodies against genus-wide antigens have been produced to
facilitate identification of isolates. Several investigators have
produced monoclonal antibodies to the Legionella heat shock
protein with various ranges of specificity (246, 258). Helbig et
al. produced monoclonal antibodies against the Mip protein
which reacted with 82 Legionella strains representing 34 species tested (138). A Legionella genus-wide antibody against
flagella was produced by Bornstein et al. (32). No single antiserum is routinely used to identify all legionellae.
DNA-DNA hybridization is the definitive procedure for establishing the identity of a strain of Legionella or a new species.
This procedure requires that DNA from the test strain be
hybridized with DNA from all known species of Legionella.
Therefore, only a very limited number of specialty laboratories
are able to perform this procedure. Sequence analysis of specific genes has been employed for taxonomic analysis of legionellae. Analysis of 16S rRNA genes led to the designation
of Legionella within the gamma-2 subdivision of the class Proteobacteria and has been used to show the phylogenetic relatedness of new species of this genus (106). Recently, a sequencebased classification scheme has been developed for legionellae
which targets the mip gene (232). This procedure can unambiguously discriminate among the 39 species of Legionella
tested. Many researchers are convinced that all taxonomic
analysis will eventually become sequence-based in the near
future.
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Serologic Diagnosis
A number of serologic tests have been developed to detect
antibodies to Legionella spp. The use of the indirect immunofluorescence assay (IFA) was used to detect antibodies in patients from the Philadelphia outbreak and was instrumental in
determining the cause of the illnesses. Enzyme immunoassay
(EIA) and microagglutination have also been used to detect
antibodies to the Legionnaires’ disease bacterium (84, 85, 165).
An indirect hemagglutination assay has been used for diagnosis of Legionnaires’ disease due to L. pneumophila serogroups
1 to 4 (293). A counterimmunoelectrophoresis test and latex
agglutination have been used to diagnose Legionnaires’ disease (140–142). In addition to the IFA test, a rapid microagglutination test is used extensively in Europe for diagnosis
(130).
The rapid microagglutination test has some advantages over
immunofluorescence, such as the ease of testing a large number of samples and the early appearance of agglutinating antibodies. The specificity is in the range of 97 to 99%, and the
sensitivity is 80% (128). Cross-reactions due to antibodies to
Pseudomonas aeruginosa in cystic fibrosis patients have been
reported as well as cross-reactions between Legionella and
Campylobacter spp. (35, 54). Klein reported cross-reactions in
sera with elevated titers to Pseudomonas pseudomallei (164).
Of all these tests, the IFA has been evaluated extensively
and is available commercially. The IFA originally developed by
CDC used a progression of antigen preparations from live
bacteria (L. pneumophila serogroup 1, Philadelphia 1) grown
in infected hen yolk sacs to ether-killed antigen grown on
enriched Mueller-Hinton agar and finally to a heat-killed antigen suspension grown on various laboratory media (203, 289).

Validation of this heat-killed antigen with epidemic sera
yielded a sensitivity of 78 to 91% and a specificity of 99% (287).
Subsequent CDC studies demonstrated that a heat-killed antigen grown on BCYE medium gave the same level of sensitivity and specificity as formalin-killed antigen from the same
medium if a higher cutoff value for positive results was used
(286).
Additional factors to consider in the serologic diagnosis of
Legionnaires’ disease are the use of an anti-human immunoglobulin which recognizes immunoglobulin G (IgG), IgM, and
IgA (15, 288). These antibody responses may be serogroup
specific or may react with an antigen common to L. pneumophila; therefore, it is not possible to reliably determine the
serogroup or species causing infection (290). Early studies
recommended the use of polyvalent antigen pools to screen
sera and subsequent testing with the monovalent components
(83, 290). Recent experience by several laboratories has indicated that 25% of seroconversions with polyvalent antigens
could not be confirmed when retested with the monovalent
antigen (72). Current recommendations suggest the use of L.
pneumophila serogroup 1 antigen only and the avoidance of
polyvalent antigen pools. It is extremely difficult to make a
diagnosis based on results of IFA tests with polyvalent pools.
The IFA test used in Europe is slightly different from the
test described above. The strain of L. pneumophila serogroup
1 used is Pontiac 1, which is grown in embryonated hens’ eggs
and formalin killed (127). Harrison et al. evaluated both the
IFA and the rapid microagglutination test mentioned earlier
for the diagnosis of Legionnaires’ disease (126). The sensitivity
of both assays was 80%, and additionally, 40% of patients had
suggestive titers within the first week of hospital admission.
Evaluation of the specificity of the IFA with sera from patients
with Mycoplasma pneumoniae, Chlamydia psittaci, Coxiella burnetti, influenza A virus, and adenovirus showed no cross-reactions with the formalin yolk sac antigen (269).
Patients with nonlegionellosis pneumonia and bacteremia
have been found to have false-positive titers to Legionella spp.
These infections have included Bacteroides fragilis, C. psittaci,
and Pseudomonas aeruginosa in cystic fibrosis patients, as well
as mycobacteria, mycoplasmas, campylobacters, Citrobacter
freundii, Pseudomonas pseudomallei, Haemophilus influenzae,
Coxiella burnetti, Rickettsia typhi, and Proteus vulgaris OX19
(31, 36, 54, 69, 80, 118, 119, 164, 198, 204, 212, 218, 288).
Cross-reactions occur more frequently with non-L. pneumophila species.
Despite the obvious utility of serologic diagnosis, these tests
have a number of important limitations. Even in cases of cultureconfirmed Legionnaires’ disease, a fourfold rise in antibody by
IFA can be documented for only 70 to 80% of patients, and
seroconversion following legionellosis may not occur for up to
2 months after illness onset (72). Past case definitions for
Legionnaires’ disease included a presumptive diagnosis based
on an elevated titer of ⱖ1:256. Recent studies of patients
hospitalized with community-acquired pneumonia showed that
a single titer of ⱖ1:256 did not distinguish between Legionnaires’ disease and pneumonia due to other agents. Only 10%
of 68 patients with legionellosis confirmed by culture or a
fourfold rise in antibody had acute-phase titers of ⱖ256, compared with 6% of 636 patients with pneumonia caused by other
agents (226).
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to non-L. pneumophila species or in epidemic investigations
(192). The sensitivity of DFA testing of respiratory secretions
for the diagnosis of Legionnaires’ disease has ranged from 25
to 75%, and the specificity is ⬎95% (74). While DFA provides
a rapid method of identifying Legionella species, immunofluorescent microscopy is technically demanding and should be
performed only by laboratory personnel experienced in the
procedure. The specificity of polyvalent DFA reagents is probably lower than that of monoclonal reagents, leading some
clinical microbiologists to recommend against routine use of
polyvalent reagents (76).
A commercially available monoclonal antibody (Genetic
Systems, Seattle, Wash.) which reacts with an outer membrane
protein and detects all serogroups of L. pneumophila can be
used to detect Legionella in clinical samples (117). This reagent
is highly specific for L. pneumophila strains, making it possible
to confirm isolates belonging to this species. It should be noted
that a cross-reaction with Bacillus cereus spores from a strain
isolated from water has been reported (99). However, this
organism is easy to differentiate from Legionella in pure culture. The reagent’s utility in detecting Legionella in clinical
specimens has been evaluated and found to be comparable
with polyvalent antisera (77). Genus-specific monoclonal antibodies have been produced to detect either a heat shock protein or the MIP protein, but these have not been shown to be
useful for detection of Legionella in clinical samples (138, 139,
246, 258).
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Urine Antigen Detection
Urinary antigen testing has led to the recognition of outbreaks of Legionnaires’ disease and allowed a rapid public
health response (96, 100, 179). In addition, urine antigen testing permits early diagnosis and initiation of appropriate antibiotic therapy (158). The capture antibody used in the majority
of these assays is considered to be specific for L. pneumophila
serogroup 1. Therefore, even though the majority of human

disease is associated with L. pneumophila serogroup 1, total
dependence on this diagnostic assay may miss as many as 40%
of cases of legionellosis. Legionella antigen present in urine
specimens appears to degrade upon prolonged storage (234).
There is a single report of a false-positive urinary antigen assay
on a specimen obtained from a renal transplant patient who
had received rabbit serum with antibodies to thymocytes (57).
Changes in the use of diagnostic tests for Legionnaires’
disease may have had an impact on the number of reported
cases, the reported mortality, and the distribution of serotypes.
In the United States, cases diagnosed by culture have declined,
while cases diagnosed by urine antigen have increased. Since
urine antigen testing allows earlier diagnosis, this may have
allowed more appropriate antimicrobial therapy and improved
the outcome of Legionnaires’ disease. However, since urine
antigen testing primarily detects serogroup 1 infections, cases
of Legionnaires’ disease caused by other serogroups and species may have been missed (A. L. Benin and R. E. Besser,
Abstr. 41st Intersci. Conf. Antimicrob. Agents Chemother.,
abstr. 873, 2001).
Shortly after the outbreak of Legionnaires’ disease at the
American Legion Convention in Philadelphia, two investigators reported the ability to detect antigen in the urine of serologically confirmed Legionnaires’ disease patients by ELISA
(27, 271). Both studies tested a small number of patients but
suggested the utility of a rapid technique for diagnosing Legionnaires’ disease by using a clinical sample that is easily
obtained. These studies were followed by experiments with a
radioimmunoassay to detect antigen in nine patients confirmed
by culture, direct fluorescent antibody, or serologic testing of
specimens collected on or before erythromycin therapy. The
sensitivity was 100%, and urine samples from 245 controls
were negative, for a specificity of 100% (168). The antigen
detected is a component of the lipopolysaccharide portion of
the Legionella cell wall and is heat stable (168, 292). Antigens
are generally detectable in urine within a few days of illness
onset and can remain so for several weeks after initiation of
appropriate antimicrobial therapy (167). Studies have shown
that antigen is excreted as soon as 3 days after the onset of
symptoms and can persist for ⬎300 days (167).
A study relating the onset of symptoms and antigen detection indicated that antigen was detected in 88% of patients
tested during days 1 to 3, 80% tested during days 4 to 7, 89%
tested during days 8 to 14, and 100% tested after day 14 (167).
In another study, multiple urine samples from 23 patients were
analyzed after initiation of therapy to determine how long
antigen continued to be excreted. In some patients, antigen
was no longer detected within 4 days of therapy, but it persisted
for ⬎300 days in one patient. The duration of antigen excretion
has implications for the diagnostic relevance of antigen detection in patients with recurrent pneumonia in the months following illness. Also, concentration of urine specimens can lead
to an increased sensitivity for the urine antigen assay, although
specificity is not affected (64, 166).
These early studies on antigen detection in legionellosis patients led to the development of a commercial radioimmunoassay (RIA) (Du Pont, Wilmington, Del.) for urine specimens,
later manufactured and distributed by Binax, Inc. (Portland,
Maine). An evaluation of the urinary antigen testing by RIA
for the diagnosis of L. pneumophila serogroup 1 infection in-
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Various studies have demonstrated the presence of L. pneumophila serogroup-specific antigens, L. pneumophila-specific
antigens, and Legionellaceae-specific antigens (14, 52, 53). Several investigators have attempted to identify specific antigens
that could be used to improve the specificity of antibody determinations. Sampson et al. (247), using immunoblot analysis,
demonstrated antibody response to major protein antigens of
L. pneumophila SG 1. Further studies with a purified 60-kDa
protein antigen demonstrated the presence of Legionellaspecific and nonspecific epitopes (225). This protein was later
shown to be a heat shock protein which is a cross-reactive
common antigen. The use of flagella in an EIA test was useful
only for L. pneumophila serogroup 1 (216). Studies have been
performed with whole bacteria (18), heat-killed soluble antigens (248), and sonicated bacteria (15). A lipopolysaccharide
fraction for detecting IgG and IgM was the most specific,
followed by an IgA assay with a sonicated antigen, which was
the most sensitive (15).
Recently, two enzyme-linked immunosorbent assay (ELISA)
test kits have been introduced. The Wampole Laboratories
(Cranbury, N.J.) kit utilizes a heat-inactivated, solubilized pool
of L. pneumophila serogroups 1 to 6 and detects IgG and IgA.
The Zeus Scientific, Inc. (Raritan, N.J.) kit uses a formalininactivated, sonicated suspension of L. pneumophila serogroups 1 to 6 and detects IgG, IgM, and IgA. This test is also
sold by Sigma Diagnostics (St. Louis, Mo.). These test systems
have not been independently evaluated.
It is important to use reagents that detect all major immunoglobulin classes (IgG, IgM, and IgA) to increase test sensitivity (288). However, commercial kits for measuring antibody
response do not use a secondary antibody proven to react with
IgM and IgA (72). Studies have shown that many patients
produce primarily IgM antibodies and that these are useful for
early diagnosis of Legionnaires’ disease (59, 214, 294). However, IgM may be present later in some confirmed cases, limiting the usefulness of the assay for early diagnosis in all patients. In a 2-year follow-up study of IgM in 35 patients, 13 had
seroconversion to IgM within 7 days. Seven patients had titers
of ⬎64 at 2 years after the disease. The authors stated that
persisting titers made it impossible to determine a reliable
value of a single titer (157).
Serologic diagnosis of Legionnaires’ disease was once the
most frequently used diagnostic test. The need for testing of
paired serum samples collected 3 to 6 weeks apart has diminished the use of serology, and urine antigen detection is now
the most frequently used diagnostic test (A. L. Benin and R. E.
Besser, Abstr. 41st Intersci. Conf. Antimicrob. Agents Chemother., abstr. 873, 2001). Perhaps the development of sensitive and specific assays for detecting IgM will increase the
usefulness of serologic testing.
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natiensis, L. hackeliae, L. maceachernii, and L. parisiensis (24,
111, 265, 267).
Another recent review of the impact of urine antigen testing
on diagnosis and therapy and a more thorough review of urine
antigen testing was written by Kashuba and Ballow (158).
Detection of Legionella Nucleic Acid
The first assay designed to detect the DNA of L. pneumophila was a radiolabeled ribosomal probe specific for all strains
of Legionella spp. (Gen-Probe, San Diego, Calif.). Researchers
reported varying sensitivity and specificity for this assay (61,
222, 291). The use of the probe at one hospital resulted in 13
false-positive cases, with no symptoms consistent with Legionnaires’ disease in 13 of 23 patients (175). The assay was removed from the market soon after this pseudo-outbreak.
PCR represents one of the few diagnostic tests with the
potential to detect infections caused by all of the known species of Legionella. Since most rapid tests only detect infections
due to L. pneumophila serogroup 1, an accurate PCR test
would greatly enhance the ability to diagnose these infections.
Various PCR tests that have been developed for legionellae
target either random DNA sequences for L. pneumophila
(256), the 5S rRNA gene (187, 189), the 16S rRNA gene (156,
183, 206), or the mip gene (82, 189, 229). A summary of DNA
targets for various PCR assays is presented in Table 2. The
most widely used test was a commercially produced kit designed to detect legionellae in the environment (EnviroAmp
kit; Perkin-Elmer, Inc., Norwalk, Conn.). This test was removed from the market in 1997. It simultaneously amplified
two targets, a 5S rRNA target specific for the Legionella genus
and a portion of the mip gene specific for L. pneumophila. The
kit was designed for testing environmental samples, and the
manufacturers did not attempt to have it approved for clinical
use. Nevertheless, several researchers successfully used these
kits to detect legionella DNA in human specimens (161, 201,
284).
A very limited number of laboratories test for legionellae by
PCR at this time. The few studies which have been conducted
indicate that the PCR detection of legionellae infections has a
moderate sensitivity and a high specificity. Legionella DNA has
been detected in respiratory secretions such as BAL, pharyngeal swabs, nasopharyngeal swabs, peripheral blood mononuclear cells, urine, and serum (136, 151, 156, 193, 202, 209, 210,
229, 253).
The PCR procedures described above have used either visualization of DNA amplicons by ethidium bromide staining in
agarose gels or reverse dot blot hybridization to probes immobilized on nylon membranes with biotinylated primers. Other
PCR assays targeting the 16S rDNA gene have been reported
to be highly sensitive and specific (51). However, a number of
false-positive results were obtained, revealing homology to
Acinetobacter spp. or an unidentified proteobacterium. Falsepositive reactions have also occurred with the commercially
available tests and when using primers for 16S rDNA, which
reacted with Gemella spp. (R. Benson, personal communication).
Recently, several researchers have reported on the use of
real-time PCR combined with the use of a hybridization probe
to confirm the product identity for rapid detection of legionel-
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dicated a sensitivity of 93% and specificity of 100% (6). In
studies comparing urinary antigen testing, DFA, and culture,
the authors concluded that urinary antigen detection was the
most useful test (230). Several studies assessing the overall
sensitivity (all Legionella infections, not just L. pneumophila
serogroup 1) of the Binax Equate Legionella Urinary Antigen
kit determined this to range from 53 to 56% (29, 226). A major
drawback of urinary antigen testing with the RIA is the difficulty involved in the handling and disposal of radioisotopes
required to perform RIA. For this reason, the RIA test was
replaced by an ELISA in the mid-1980s (Binax, Inc.). Resulting
comparisons of these two assays showed that the ELISA format was positive for 67 to 88% of specimens that were positive
with the RIA kit (65, 122, 160). Another study showed that the
sensitivity of the EIA was significantly greater than that of the
RIA, and if the cutoff was lowered to ⱖ2.5, the sensitivity
increased to 90%, while the specificity remained 100% (46).
Currently, there are three commercially available ELISA
urinary antigen tests: Wampole (formerly distributed by Binax,
Inc.), Cranbury, N.J.; Trinity Biotech, Bray, Ireland; and
Biotest AG, Dreieich, Germany. Two of these tests (Wampole
and Trinity Biotech) are intended to be specific for L. pneumophila serogroup 1 and are not likely to detect the 20 to 30%
of Legionnaires’ disease cases that are caused by other serogroups and species (199). The Biotest ELISA is intended to
detect antigen of other L. pneumophila serogroups and Legionella species. Domínguez et al. (63) compared the Binax
(Wampole) and Biotest EIA kits with concentrated and nonconcentrated urine samples. There were no significant differences in sensitivity between the two tests, and concentrating
urine samples improved the sensitivity of both assays. Both
tests detected antigens from 14 serogroups of L. pneumophila
and L. bozemanii, and both tests were negative for L. longbeachae serogroup 1.
The most recent method for detecting antigenuria is the
immunochromatographic (ICT) membrane assay. The ICT assay is similar to a home pregnancy test and is commercially
available (NOW Legionella urinary antigen test; Binax, Inc.).
The test is simple to perform and does not require special
laboratory equipment, and results can be obtained within 15
min. A comparison of the Binax NOW with the Binax EIA
showed 98% overall agreement between the two tests and a
specificity of 100% (62). The authors suggested using concentrated urine samples to increase test sensitivity. Another study
determined that the sensitivity of the ICT assay for L. pneumophila serogroup 1 was 80% and the specificity was 97%
(135).
There is still a need to develop antigen capture assays that
can diagnose infections with all species and serogroups of
Legionella. Development of a genus-wide urinary antigen test
appears feasible and would provide a distinct diagnostic advantage (265, 266). Tang and Toma (266) developed a broadspectrum ELISA that could detect soluble antigens from numerous L. pneumophila serogroups and species by using rabbit
antisera from a combination of intradermal, intramuscular,
and intravenous inoculations over a period of 8 months. The
spectrum of serogroups and species detected with the broadspectrum ELISA has since been reported to include L. pneumophila serogroup 12, L. sainthelensi, L. bozemanii, L. cincin-
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TABLE 2. Detection of Legionella nucleic acid by gene probe and PCR in clinical samples
Clinical sample tested

Results

Reference

Frozen respiratory secretions

rRNA (Gen-Probe)

78

Prospective respiratory secretions
Respiratory secretions
BAL
BAL
Respiratory secretions
BAL
Serum
Urine
BAL
Intratracheal aspirates
Serum, urine
Serum, urine

rRNA (Gen-Probe)
rRNA (Gen-Probe)
mip gene
5S rRNA, mip gene
5S rRNA, mip gene
16S rRNA gene
mip gene
5S rRNA gene
16S rRNA
mip gene, 5S rRNA
5S rRNA gene
700-bp fragment

Respiratory secretions (BAL, sputum,
pleural fluid, lung tissue, bronchial
washing)
BAL
Respiratory secretions (BAL, sputum)

16S rRNA gene

112 culture-positive, 63 positive; 230 culture-negative, 228
negative
427 samples; compared to DFA, 63% sensitive, 95% specific
167 patients; 31–67% sensitive, 99% specific
68 samples, 15 positive
52 samples, 3 positive (EnviroAmp kit)
31 samples, 12 positive (EnviroAmp kit)
51 samples, 7 positive
5 patients, acute- and convalescent-phase sera positive
21 pneumonia patients, 11 positive by PCR, 9 confirmed
256 samples, 14 PCR positive
1 patient, 8 samples positive with both primers
28 patients, 18 positive
Serum, 12 of 41 samples positive; urine, 6 of 20 samples
positive
212 specimens; 31 of 31 culture-positive samples positive; 12
culture-negative samples positive by PCR, 4 confirmed by
sequencing
43 specimens (LightCycler)
77 samples, 2 culture-positive, both PCR-positive (LightCycler)

mip gene, 5S rRNA
16S rRNA

lae in clinical specimens (13, 131). This method reduces the
risk of cross-contamination, reduces the time required to process samples, and eliminates the need for sample analysis after
PCR. These assays promise increased sensitivity and specificity, although further validation is required. Limited studies and
preliminary data suggest that PCR may add to the diagnostic
repertoire, but this procedure may lack the sensitivity and
specificity to provide anything other than supplemental data
for the clinician.
Subtyping of Legionella spp.
L. pneumophila serogroup 1 comprises a fairly heterogeneous group of organisms that account for most of the cases of
legionellosis in the United States. L. pneumophila serogroup 1
can be divided into a number of subtypes by various techniques. These procedures are used to match environmental
isolates with patient isolates obtained from outbreak investigations of legionellosis. Because of the diversity within L. pneumophila serogroup 1, clinical and environment isolates must be
matched by molecular techniques to adequately identify environmental sources of disease.
Initially, legionellae were identified to the serogroup level
during investigations of legionellosis. This form of serologic
subtyping uses polyvalent or monoclonal antisera and may be
adequate for identifying reservoirs of some of the more uncommon legionellae causing disease. The variety of strains and
distribution of L. pneumophila serogroup 1 necessitate more
elaborate subtyping procedures to discriminate among these
bacteria. Several research groups have developed monoclonal
antibodies for this purpose (220, 272, 283). An international
panel of seven monoclonal antibodies (MAb) was proposed in
1986 (155). Although much information has been gained
through the use of this panel, several of the cell lines have been
lost, and most of these reagents are no longer available. Use of
these monoclonal antibodies has identified 12 “type” strains
within L. pneumophila serogroup 1 (16). Monoclonal antibodies produced by Helbig et al. and labeled the Dresden Legionel-

222
94
151
161
201
183
182
193
156
169
210
206
51
131

la LPS MAb, along with MAb 3 described by Joly et al., allow
the subtyping of L. pneumophila serogroup 1 into 15 phenons
(137, 155). Recent investigations have shown that the use of
monoclonal antibodies may be inadequate for discriminating
between disease-causing strains and other environmental isolates of L. pneumophila serogroup 1 (228).
Newer molecular techniques such as pulsed-field gel electrophoresis (PFGE) and arbitrarily primed PCR (AP-PCR)
are able to discriminate within monoclonal subtypes of L.
pneumophila serogroup 1 and identify sources of disease-causing strains (116). These techniques appear to complement the
use of monoclonal antibodies and are the most recent of several techniques that separate strains based on DNA polymorphism (251). Researchers have used a variety of other techniques to discriminate between isolates of legionellae. The use
of electrophoretic alloenzyme typing (multilocus enzyme typing) is able to subtype L. pneumophila into more than 40
subtypes (252). This technique was used to subdivide the Philadelphia 1 monoclonal subgroup of L. pneumophila serogroup
1 into five electrophoretic types (252).
Plasmid analysis has been used to subtype legionellae, but
results have shown this technique to have limited use. In one
investigation, the clinical strains were plasmidless and the environmental strains contained plasmids (39, 190, 191, 260).
Restriction fragment length polymorphism (RFLP) has been
used to subtype Legionella either alone or in combination with
rRNA or DNA probing of the DNA digest (ribotyping) (56,
116, 249, 250, 275). The RFLP procedure has been further
modified to use PCR amplification of a specific locus, such as
the 16S-23S spacer region, followed by restriction enzyme digestion, with the resultant products separated by agarose gel
electrophoresis (275).
Other procedures used to subtype L. pneumophila include
detection of repetitive elements within DNA, amplified fragment length polymorphism, and sequence-based typing (gyrA
gene) (56, 86, 113, 116, 176, 177, 197, 274, 276).
A comparison of AP-PCR and PFGE with strains from
seven outbreaks of legionellosis indicated that PFGE provided
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FIG. 2. Legionnaires’ disease, 1980 to 1998; annual number of
cases reported.

EPIDEMIOLOGIC TRENDS
Incidence
Accurate data are not available to assess whether any trends
have occurred in the incidence of Legionnaires’ disease. In the
United States between 1980 and 1998, an average of 356 cases
were reported to CDC each year, with no trend (Fig. 2) (A. L.
Benin and R. E. Besser, Abstr. 41st Intersci. Conf. Antimicrob.
Agents Chemother., abstr. 873, 2001). This is a fraction of the

8,000 to 18,000 cases estimated to occur each year (200). There
are many reasons why reporting does not reflect the true incidence of disease. Clinicians may fail to perform testing for
Legionnaires’ disease. As empirical therapy for communityacquired pneumonia has changed to cover a wider array of
infectious agents, the use of diagnostic testing to determine
pneumonia etiology may have declined. For Legionnaires’ disease, this is a problem not only for the individual patient who
is denied the benefit of targeted therapy, but for the community as a whole, since each case of Legionnaires’ disease may
represent a sentinel event heralding an outbreak.
Cases of Legionnaires’ disease that are diagnosed in hospitals may not get reported to state and local officials. This may
be due to a lack of awareness that Legionnaires’ disease is
reportable in all states (except Oregon and West Virginia). It
may also be due to concerns that cases of nosocomial Legionnaires’ disease frequently prompt litigation. States may in turn
not report to CDC. Faced with competing priorities, health
departments may not have personnel to complete case report
forms and submit in a timely fashion or at all.
The vast majority of cases of Legionnaires’ disease reported
in the United States are sporadic. During the 1980s, 11% of all
cases were associated with an outbreak: 37% of possible nosocomial cases and 4% of community-acquired cases (199). In
studies assessing the etiology of hospitalized cases of community-acquired pneumonia, the proportion due to Legionnaires’
disease has ranged from 2 to 15% (41). Risk factors for Legionnaires’ disease include increasing age, smoking, male sex,
chronic lung disease, hematologic malignancies, end-stage renal disease, lung cancer, immunosuppression, and diabetes
(199). CDC surveillance data indicate that persons with human
immunodeficiency virus (HIV) infection are at greater risk of
Legionnaires’ disease than the general population (199); however, legionellae are rarely detected in studies of pulmonary
disease among cohorts of HIV patients (30, 121). This may be
due to prophylaxis of HIV-infected patients with trimethoprim-sulfamethoxazole, an antimicrobial agent with activity against Legionella species.
Data from a population-based study investigating the etiology of cases of pneumonia requiring hospitalization demonstrated that cases occur throughout the year, with no clear
seasonal predilection (200). However, reports to CDC increase
twofold in the summer (199), possibly because of increased
testing (199). Outbreaks in the United States associated with
cooling towers frequently occur in the summer and fall (26).
Nosocomial cases occur year-round, with no seasonal pattern.
Treatment
Empirical therapy for persons hospitalized with communityacquired pneumonia should include coverage for Legionnaires’ disease (19). Delay in starting appropriate therapy has
been associated with increased mortality (132). Overall, mortality for Legionnaires’ disease in the United States has been
declining during the 1990s, possibly due to changes in empirical therapy for community-acquired pneumonia (A. L. Benin
and R. E. Besser, Abstr. 41st Intersci. Conf. Antimicrob.
Agents Chemother., abstr. 873, 2001). Historically, erythromycin has been the drug of choice for Legionnaires’ disease.
Because of the difficulty in amassing enough cases of Legion-
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slightly better discrimination (228). Both techniques offer better discrimination and are less labor intensive than other techniques such as SDS-PAGE, ribotyping, and multilocus enzyme
electrophoresis. Discrimination is improved when AP-PCR
and PFGE are used in conjunction with monoclonal antibody
typing. Even so, caution must be used when interpreting results
of subtyping for the identification of an outbreak reservoir. A
recent study determined that strains isolated from non-outbreak-related sources were identical to the clinical isolates by
four subtyping procedures (AP-PCR, PFGE, monoclonal antibody, and multilocus enzyme electrophoresis) (171).
Amplified fragment length polymorphism (AFLP) represents the current state-of-the-art subtyping procedure (274).
The technique has two variations: one uses a single restriction
enzyme and a selective primer, and the other employs two
restriction enzymes and corresponding primers. The latter
method has been modified and termed infrequent-restrictionsite PCR (233). The DNA is digested with a restriction enzyme(s), and the restriction fragments are ligated to specially
constructed adapters. Subsequent PCR with primers specific
for the ligated adapters allows the amplification of a subset of
the digested DNA. The primers can be labeled with a fluorescent tag to allow analysis of the fragments with an automated
sequencer, or the fragments can be separated by gel electrophoresis and stained with ethidium bromide. A comparison of
PFGE and AFLP on 48 unrelated and epidemiologically related strains of L. pneumophila serogroup 1 indicated that the
method was rapid, versatile, and reproducible, provided useful
discrimination, and was easier to perform than PFGE (233).
An intercenter study by the European Working Group on
Legionella Infections comprising 13 laboratories using a standardized protocol demonstrated that the method was highly
reproducible and epidemiologically concordant with good discrimination. The method is to be adopted as the first standardized typing method for the investigation of travel-associated
Legionnaires’ disease in Europe (105).
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Travel-Related Legionnaires’ Disease in the United States
Travel is an underappreciated factor in the acquisition of
Legionnaires’ disease in the community. This is surprising
given that the largest outbreak in U.S. history and the one for
which this disease was named was travel associated (104). The
1976 outbreak among American Legion members was not typical of more recent travel-associated clusters in that it was
explosive and easily recognizable.
A more typical travel-related outbreak occurred in Georgia
in 1999 (21). A 64-year-old woman was diagnosed with Legionnaires’ disease in New York after returning from a wedding in
Georgia. Five of her extended family members in Massachusetts developed Pontiac fever after returning from the same
wedding. Extensive case finding revealed one other case of
Legionnaires’ disease and six cases of Pontiac fever. A cohort
study implicated the hotel whirlpool spa as the source of the
outbreak. The investigation allowed measures to be taken that
may have prevented additional cases from occurring.
This outbreak demonstrates many of the characteristics of
typical travel-related Legionnaires’ disease outbreaks that
make detection very difficult: low attack rates, long incubation
periods, dispersal of persons away from the source of the
infection, and inadequate surveillance. Discovery of the outbreak was serendipitous; cases occurred within one family from
two states, with no other common exposures. If one of the
clinicians caring for the two persons who developed Legionnaires’ disease had not tested for the disease, the outbreak
would not have been detected. At the time of diagnosis, none
of the patients was still in Georgia. If the Georgia Division of
Public Health had not been contacted, the outbreak would
have been missed. And if the state health department had not
contacted CDC, the outbreak would not have been investigated.
Although there are two national surveillance systems for
Legionnaires’ disease in the United States, neither is able to
detect clusters of travel-associated Legionnaires’ disease. The
National Electronic Telecommunications System for Surveillance, an electronic system that collects data on Legionnaires’
disease in addition to all reportable diseases, is timely but does
not collect information on travel. The Legionnaires’ Disease
Reporting System, a paper-based system that collects detailed
information on travel as well as other risk factors for Legionnaires’ disease, is very insensitive and is used mainly for tracking major epidemiologic trends.

The true burden of travel-related legionellosis in the United
States is not clear. Although 21% of cases reported to CDC
through the paper-based Legionnaires’ disease reporting system indicate an out-of-home stay during the incubation period
(CDC, unpublished data), a case-control study of risk factors
for sporadic Legionnaires’ disease in Ohio found that the rate
of travel was similar between patients and controls (262). Unfortunately, this study did not look in detail at travel-related
activities to determine whether particular exposures when traveling or returning home were associated with Legionnaires’
disease. Further studies are needed to determine the proportion of disease attributable to travel and to design appropriate
prevention strategies.
Detection of travel-related outbreaks offers the potential for
providing new prevention opportunities. The European Working Group on Legionella Infections conducts surveillance for
travel-related Legionnaires’ disease in Europe (149) and has
been quite successful at identifying clusters of travel-associated
Legionnaires’ disease (149). In 1999, the European Working
Group on Legionella Infections detected 29 clusters among 63
travelers in 16 countries (F. Lever, E. Slaymaker, C. Joseph,
and C. Bartlett, 5th International Conference on Legionella,
abstr. 40, 2000). Twelve of these clusters would not have been
detected without this surveillance scheme in place because
they involved two travelers from different countries.
In response to threats of bioterrorism and emerging infectious diseases, CDC is in the process of developing a system of
a national electronic surveillance that will be rapid and efficient
(152). The National Electronic Disease Surveillance System,
when implemented, will be a logical platform for conducting
travel-related surveillance for Legionnaires’ disease.
Community Outbreaks and Prevention
During the past 3 years, the epidemiology of Legionnaires’
disease has been dominated by the occurrence of several large
outbreaks, two linked to cooling towers and one linked to a
whirlpool spa. In April 2000, a large outbreak of Legionnaires’
disease occurred among persons visiting the newly constructed
aquarium in Melbourne, Australia (9). By June, 119 persons
were confirmed to have Legionnaires’ disease, and four (3.6%)
persons died. This outbreak was due to a new cooling tower
which had recently come on line. It demonstrated that even
new cooling tower systems pose a risk when coming on line and
that decontamination procedures should be followed. The
American Society of Heating, Refrigeration, and Air-Conditioning Engineers (ASHRAE) has issued guidelines for the
control of Legionella in buildings; they describe maintenance
procedures that should be performed when bringing cooling
towers back on line (8).
In 1999, an outbreak in the Netherlands among attendees at
a flower show resulted in 133 confirmed and 55 probable cases
of Legionnaires’ disease (58). Eleven percent of cases died (C.
Navarro, A. Garcia-Fulgueiras, J. Kool, C. Joseph, J. Lee, C.
Pelaz, and O. Tello, update on the outbreak of Legionnaires’
disease in Murcia, Spain, Eurosurveillance Wkly., http://www
.eurosurv.org/update/). This outbreak was due to a contaminated whirlpool spa on display at a consumer product fair
attached to the flower show (33). Whirlpool spas have been
implicated previously in outbreaks of Legionnaires’ disease
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naires’ disease in one institution and the cost and complexity of
multicenter studies, it is unlikely that clinical trials will ever be
conducted to determine whether other agents are better. In
vitro data suggest that azithromycin and many fluoroquinolone
agents have superior activity against Legionella species. Additionally, these agents have fewer side effects than erythromycin
(70). Azithromycin and levofloxacin are licensed by the Food
and Drug Administration for the treatment of Legionnaires’
disease and are considered preferable to erythromycin. There
is debate as to whether rifampin provides additional benefit to
patients with Legionnaires’ disease (70, 261). The use of rifampin in addition to the newer regimens is not supported by
in vitro data (70) and is not recommended by the Infectious
Diseases Society of America (19).
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Nosocomial Outbreaks and Prevention
Health care-associated Legionnaires’ disease continues to
present a significant public health problem. Although the magnitude of the problem is difficult to measure, reports of outbreaks continue to abound. Hospitals represent ideal locations
for Legionnaires’ disease transmission: at-risk individuals are
present in large numbers; plumbing systems are frequently old
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and complex, favoring amplification of the organism; and water
temperatures are often reduced to prevent scalding of patients.
To reduce the likelihood of Legionnaires’ disease transmission in health care facilities, CDC recommends a strategy focusing on proper maintenance of water systems, universal testing of patients with nosocomial pneumonia with appropriate
tests, and investigation of situations in which transmission has
been shown to occur (44). At present, prevention efforts are
inadequately implemented in the majority of health care facilities for a variety of reasons.
In 2000, ASHRAE issued guidelines for maintaining water
systems to minimize the likelihood of Legionnaires’ disease
transmission (8). These guidelines recommend maintaining
water systems at temperatures unfavorable for the amplification of legionellae. However, many states have regulations that
limit the water temperature in health care facilities as a means
of reducing scalding injuries (194). In Great Britain, elevated
water temperatures were recommended as the primary means
of preventing legionellosis in hospitals in 1991 (55). Thermostatic mixing valves are used to reduce the likelihood of scalding. Adoption of these guidelines has resulted in a dramatic
decline in nosocomial Legionnaires’ disease without increased
reports of scalding. Adoption of the ASHRAE guidelines
could dramatically reduce the likelihood that legionellae will
be amplified in a water system, thereby diminishing the risk of
transmission.
The second part of prevention involves clinical surveillance.
Currently, a minority of institutions in the United States perform universal Legionella testing of at-risk patients with nosocomial pneumonia (95). Infection control personnel should
educate medical staff to heighten suspicion for health careassociated Legionnaires’ disease, especially in high-risk patients, and to implement routine testing policies. Appropriate
diagnostic testing should be available on site in institutions
with high-risk patients and should include Legionella culturing
and urine antigen testing. Introduction of routine appropriate
testing has led to the identification of previously undetected
transmission (173, 179). Only when transmission is recognized
can appropriate steps be taken to prevent additional cases.
When cases of Legionnaires’ disease are identified, epidemiologic and environmental investigations should be undertaken to determine the means of transmission. Detailed reviews of the procedures for conducting these investigations
have been published previously (44).
There has been some debate in the literature regarding the
role of environmental culturing for Legionella in the absence of
disease transmission (7, 42, 44; Report of the Maryland Scientific Working Group to Study Legionella in Water Systems in
Healthcare Institutions, Maryland State Dept. Health Hygiene
UR, http://www.dhmh.state.md.us/html/legionella.htm). While
opinions differ as to the role of routine periodic environmental
monitoring, there is agreement that all health care facilities
should have a control strategy in place and that the strategy
adopted should vary based on a risk assessment. This recommendation has recently been adopted by the Joint Council on
Accreditation of Healthcare Organizations (Standard EC.1.7,
www.jcaho.org/standard/stds2002_mpfrm.html). The risk assessment should take into account the types of patients treated,
the age and complexity of the potable water system, previous
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(21, 22, 153) and Pontiac fever (115, 186, 195, 255). These
outbreaks involved spas that were in use. In-store whirlpool
spa displays have also been implicated in the past, but never
with an outbreak of this magnitude (22). This outbreak demonstrates the importance of biocide treatment for all spas that
will be in use, whether or not they will be occupied by bathers
(8, 43).
Recently, a large community-wide outbreak of Legionnaires’
disease that affected more than 750 persons was reported from
Spain. Of these, 310 were confirmed to have legionellosis,
making this the largest Legionnaires’ disease outbreak ever
reported. Remarkably, only one death has been reported (C.
Navarro, A. Garcia-Fulgueiras, J. Kool, C. Joseph, J. Lee, C.
Pelaz, and O. Tello, update on the outbreak of Legionnaires’
disease in Murcia, Spain, Eurosurveillance Wkly., http://www
.eurosurv.org/update/). A cooling tower is suspected as the
source of the outbreak.
The outbreaks in Australia and Spain had very low case
fatality rates compared with the outbreak in the Netherlands.
It is possible that differences in strain virulence, host factors, or
case ascertainment account for this difference in mortality.
Another intriguing possibility is that diagnostic and treatment
practices in the various countries played a role. It has been
reported that the choice of antibiotics for community-acquired
pneumonia differs between these countries, with agents active
against Legionella being used empirically in Spain and Australia and beta-lactam antibiotics being used empirically in the
Netherlands (C. Navarro, A. Garcia-Fulgueiras, J. Kool, C.
Joseph, J. Lee, C. Pelaz, and O. Tello, update on the outbreak
of Legionnaires’ disease in Murcia, Spain, Eurosurveillance
Wkly., http://www.eurosurv.org/update/). In the United States,
case fatality rates for reported cases of Legionnaires’ disease
have declined during the 1990s, a time when empirical use of
fluoroquinolones and azithromycin increased for patients hospitalized with pneumonia and when cases were diagnosed earlier because of use of the urine antigen test (A. L. Benin and
R. E. Besser, Abstr. 41st Intersci. Conf. Antimicrob. Agents
Chemother., abstr. 873, 2001).
The occurrence of large community outbreaks of Legionnaires’ disease can be reduced with the adoption of guidelines
for the proper maintenance of cooling towers and other aerosol-generating devices (8, 43, 55). The prevention of sporadic
cases is more difficult and will require increased understanding
of the route of transmission. A first step, however, is the identification of cases of sporadic disease through the use of proper
diagnostic tests. For patients being hospitalized with community-acquired pneumonia who have risk factors for Legionnaires’ disease, this should include sputum culture and urine
antigen testing. Urine antigen testing alone will miss cases due
to non-L. pneumophila serogroup 1 strains; from 1980 to 1989,
these cases represented 28% of reported disease (199).
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occurrence of Legionnaires’ disease, and type of biocide being
used.
Potential Impact of Monochloramine

produced by chlorine. The U.S. Environmental Protection
Agency issued regulations that require reductions in the levels
of certain disinfection by-products that have been associated
with cancer in laboratory animals (217). Monochloramine is
attractive for municipal water systems because it results in
reduced production of these regulated disinfection by-products.
If, in fact, many sporadic cases of Legionnaires’ disease are
transmitted through potable-water systems, it is plausible that
the use of monochloramine could have an impact on community-acquired cases as well. Given that many municipalities are
already planning to convert from chlorine to monochloramine
disinfection in response to the Environmental Protection
Agency regulations, there should be many opportunities to
study the impact of this intervention prospectively.
FUTURE DIRECTIONS AND CONCLUSIONS
Over the past 25 years, we have learned a great deal about
legionellae and legionellosis. Researchers are on the brink of
fully characterizing the novel mechanism by which these bacteria infect eukaryotic cells. Understanding of this means of
entry into a host cell may have unforeseen benefits. Currently,
we know that legionellae can infect very diverse hosts, ranging
from slime molds to protozoa to mammalian cells. There may
be additional hosts yet to be discovered for these diverse intracellular organisms.
The convergence of studies on microbial biofilms and the
cell-cell signaling that occurs within these communities appear
particularly relevant to legionellae. We have only begun to
characterize the interaction of legionellae with the microbial
community. While it seems clear that legionellae are common
inhabitants of biofilms, the significance of biofilms to the multiplication and distribution of legionellae remains undefined.
Reducing legionellae in the biofilms that form in building water systems is a primary goal in strategies to prevent Legionnaires’ disease. Application of advances in cell signaling to the
study of legionellae in biofilms will lead to a better understanding of the ecology of these bacteria and to more efficient
mechanisms to control this disease.
We continue to make progress in understanding the epidemiology of Legionnaires’ disease. Many opportunities now exist to improve the prevention of legionellosis, especially in the
United States. Computer-based reporting systems may one day
provide a means of conducting timely surveillance for previously undetected outbreaks of travel-related Legionnaires’ disease. New rapid diagnostic tests can improve case detection,
but at a public health cost if these new methodologies replace
bacterial cultures. Municipal disinfection with monochloramine may provide a means of reducing the incidence of both
health care-associated and community-acquired Legionnaires’
disease.
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