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ABSTRACT

Legionnaires’ disease (LD), caused by the Gram-negative bacterium Legionella pneumophila, has emerged as a significant
public health concern due to its rising incidence and high morbidity and mortality rates. This review comprehensively
examines the etiology, epidemiology, pathogenesis, clinical presentation, diagnosis, treatment, and prevention of LD. The
bacterium thrives in aquatic environments, often within biofilms and protozoan hosts, contributing to its resilience and
widespread distribution in natural and man-made water systems. Transmission primarily occurs through the inhalation
of contaminated aerosols, with immunocompromised individuals, the elderly, and smokers being at heightened risk.
Clinically, LD presents as a severe pneumonia with systemic involvement, and its diagnosis often relies on culture, urinary
antigen tests, and molecular methods. The treatment landscape is dominated by macrolides and fluoroquinolones, with
emerging research into alternative therapies to combat antimicrobial resistance. Effective public health strategies, including
rigorous water management practices and infection control measures, are vital in mitigating the risk of outbreaks. This
review aims to enhance clinical awareness and inform public health initiatives by elucidating the complex interplay between
bacterial virulence, host factors, and environmental conditions that contribute to LD transmission and persistence. A better
understanding of these dynamics is crucial for developing robust prevention and control strategies, ultimately reducing the
global burden of this potentially life-threatening disease.
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INTRODUCTION

Legionnaires’ disease (LD) or legionellosis is
a serious public health issue characterized by high
morbidity and mortality [1]. Legionella pneumophila,
a Gram-negative bacterium belonging to the
Legionellaceae family, is the source of this iliness infection
[2]. In addition to LD, another acute non-pneumonic
respiratory disease that L. pneumophila can cause is
Pontiac fever [3]. Pontiac fever is a mild respiratory
illness, whereas LD is more severe. L. pneumophila is
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typically found in freshwater settings, where it multiplies
rapidly inside free-livingamoebain warm, stagnant water
(25°C-45°C) [4]. As it spreads quickly through water-
borne transmission, L. pneumophila is found worldwide
in freshwater habitats [5]. In the US, 8-18,000 persons
are hospitalized for LD annually, but only roughly 10% of
these patients receive a clinical diagnosis [1].

Following a significant respiratory outbreak among
guests of an American Legion conference, the disease
known as LD was first identified in 1976 [6]. Legionella is
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commonly contracted by inhaling aerosolized water, which
is typically found in showers, whirlpool spas, outdoor
cooling equipment, humidifiers, sprayers, and respiratory
therapy devices [7]. Although aspiration is a significant
method of LD transmission, the disease cannot be spread
from person to person or by drinking contaminated
water [8]. Individuals with compromised immune systems,
comorbidities, older people, and smokers are more likely
to contract LD [9]. However, most instances (up to 96%)
were sporadic and had no known cause.

The symptoms of LD can mimic those of typical
pneumonia [10]. These signs often appear after
2-10daysof L. pneumophila infection. Insomeinstances,
this illness may also have symptoms that affect the
digestive system and brain [11-13]. Frequent signs
and symptoms of LD include fever, coughing, dyspnea,
diarrhea, headache, nausea, stomach discomfort,
hemoptysis, and blood coughing [14]. This disorder
requires prompt and effective treatment. The rationale
is that this condition can lead to several life-threatening
complications if not treated. Untreated LD can lead to
life-threatening complications, including respiratory
failure, septic shock, acute kidney failure, and myocardial
infarction [14]. Investigating legionellosis outbreaks is
a major priority for public health initiatives, which are
followed by source control and investigation [3].

Pneumonia caused by L. pneumophila mainly
affects people who are immunocompromised, elderly,
or have severe diseases [10]. Individuals who have a
history of smoking or chronic lung iliness, are older than
50 years old, or have immune system disorders are more
likely to develop LD [9]. Major origins of LD outbreaks
have been identified as environmental risk factors, such
as cooling towers or water systems in buildings, including
hospitals [15]. The treatment of pneumonia caused by
Legionella species in both hospital- and community-
acquired cases requires early clinical diagnosis and
appropriate antibiotic treatment [16]. Diagnosis relies
on the isolation and culture of Legionella species from
clinical specimens. Testing for urinary antigens is still
the most commonly used diagnostic procedure [17].

LD requires appropriate attention and
treatment because although it is underdiagnosed and
underreported, its incidence is increasing annually.
The purpose of this review is to explain the etiology,
history, reservoir, epidemiology, pathogenesis, immune
response, pathology, clinical symptoms, diagnosis,
differential diagnosis, transmission, risk factors, public
health importance, treatment, antimicrobial resistance,
and control of LD. Improved knowledge of the risks
linked to LD will enable state and municipal authorities
to more effectively target preventive measures and
raise clinical awareness of the disease’s dangers.

ETIOLOGY

L. pneumophila is catalase-positive, slightly
oxidase-positive, and Gram-negative [18]. The ideal
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growth conditions are 35°C and pH 6.9-7.0. Legionella
can grow in ambient air, but it thrives in environments
with 2.5%-5% carbon dioxide [19]. These bacteria
have no anaerobic growth. This organism has never
developed on a medium without cysteine. These
bacteria require specifically enriched culture conditions
for in vitro. Yeast extract agar, including charcoal, has
been the best developed media to date [20]. The growth
of artificial culture media can take up to 10 days [21].
Both the yolk sac of embryonated chicken eggs and
the intraperitoneal injection of guinea pigs can be used
to isolate this organism [22, 23]. Legionella does not
use carbs, break down nitrate, or target urea. These
bacteria do not appear to contain arginine dihydrolase,
lysine, or ornithine decarboxylases. It produces beta-
lactamase [24].

L. pneumophila rods are usually 2—=3 um long and
have frequently pointed ends when viewed under a
microscope [25]. Despite being Gram-negative, this
organism is incompatible with the standard Gram stain.
Gimenez staining can be used to identify these bacteria,
and silver impregnation staining can be applied to
tissue [26]. Bacterial cells with high concentrations
of branched-chain fatty acids are analyzed by gas
chromatography [27]. All organisms evaluated by
DNA hybridization were genetically unrelated to
L. pneumophila at the species and genus level [28]. The
differences in clinical features between outbreaks do
not appear to be caused by variations in strains. On the
basis of variations in their antigens, these organisms
are categorized into four serological categories. Group |
(prototype strain, Knoxville) included the bulk of
isolates, including those from the 1976 Philadelphia
outbreak [6]. Little isolates were found in Group Il
(prototype strain, Togus), Group Il (prototype strain,
Bloomington), and Group IV (prototype strain, Los
Angeles) [29].

HISTORY

The US Centers for Disease Control and Prevention
(CDC) and the media first became aware of the existence
of Legionella species, which are Gram-negative bacteria,
during the summer of 1976 after an unprecedented
pneumonia outbreak in Philadelphia, Pennsylvania,
United States [6]. At the 58" annual conference of the
American Legion, 221 guests were afflicted with an
uncommon respiratory ailment, of which 34 deaths
were reported [30]. The CDC assembled what at the
time was the largest team in its history to locate the
infection’s source due to the significance of the outbreak
and the uncertainty surrounding the causal agent.
Joseph E. McDade and Charles C. Shepard discovered
bacteria as the cause of LD in December 1976 [31].
They found a new genus called Legionella, which at the
time contained only one known species and a novel
Gram-negative rod-shaped bacterium that they named
L. pneumophila, after the American Legion.
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Following the organism’s identification, more
investigation revealed that Legionella had been
isolated in 1947 but had not yet undergone further
characterization [32]. Moreover, it was demonstrated
that Legionella was the source of previously
unidentified outbreaks of flu-like sickness, including
the outbreak that struck Pontiac, Michigan, in 1968
and was subsequently diagnosed as Pontiac fever [33].
Over 65 distinct species are currently recognized in the
genus Legionella, and our knowledge of the biology
and toxicity of these species is growing. Understanding
the history of this disease is important to investigate
the bacteria reservoir, pathogenesis, treatment, and
prevention of transmission further.

RESERVOIRS

L. pneumophila is a symbiotic organism that grows
within amebas in aquatic environments [34]. Legionella
live in water as internal parasites of the protozoa that
inhabit there, like ameba. Amebas are frequently found
in biofilms and once shielded by a biofilm from Legionella
and other infections, they are extremely difficult to
eradicate [35]. One source of contaminated water in the
built environment is the central air conditioning systems
found in hotels, business buildings, and hospitals [36].
These bacteria can also reside in evaporative coolers,
nebulizers, humidifiers, whirlpool spas, hot water
systems, showers, windshield washers, fountains, room
humidifiers, ice makers, cooling towers used in industrial
cooling systems, and misting systems commonly found
in grocery stores’ produce departments [37].

These bacteria can also be transmitted from
contaminated aerosols generated in hot tubs if
disinfection and maintenance programs are not strictly
followed [38]. Legionella may originate from ornamental
fountains, streams, and freshwater ponds [39]. Hotels,
fountains, cruise ships, and hospitals with intricate
cooling and drinking water systems are specifically
linked to this condition [40]. Sterile water must be
used because tap water tainted with Legionella species
can infect respiratory devices such as humidifiers and
nebulizers [41]. Exposure to compost and potting mixes
is another source of contamination [42]. Therefore,
periodic surveillance and monitoring of the wastewater
system are crucial due to the specific niche and the
rapid spread of bacteria through the water system.
Early detection of Legionella in wastewater systems
and adequate remediation can prevent transmission to
humans.

EPIDEMIOLOGY

In 2021, the European LD Surveillance Network
reported that the age-standardized notification rate
of LD was 9.2 cases/million population, with a range
of 0-21.4 cases/million [43]. According to prospective
studies, 2%—9% of cases of community-acquired
pneumonia (CAP) are caused by L. pneumophila [44]. Of
the 60 cases of hospital-acquired pneumonia (HAP) in
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patients in non-intensive care units where the etiology
was identified, seven had a diagnosis of L. pneumophila-
caused HAP [45]. Most cases of LD have a mortality rate
of 8%—12%, although this might increase in high-risk
situations [46]. The countries with the greatest reported
instances of community-acquired LD were Spain, ltaly,
and France; conversely, the countries with the lowest
notification rates (<1 case/million) were Bulgaria, the
Czech Republic, Greece, Romania, and Slovakia [47].

The first time that L. pneumophila was linked to
a significant respiratory outbreak among American
Legion conference participants at a Philadelphia hotel
was almost 40 years ago [6]. Since its initial description,
surveillance programs have been implemented in a
number of nations, including Europe, the United States,
Canada, New Zealand, Australia, Japan, and Singapore,
where the condition is considered reportable [48].

Large epidemics have received the most attention
due to their significant impact on public health. In
Murcia, Spain, in 2001, 449 individuals were affected
by the biggest outbreak ever documented [49]. Cooling
towers of buildings and water storage tanks in the
city were implicated in the LD community outbreak.
Interestingly, epidemiological investigations on the LD
outbreak in Murcia indicated that the cooling towers of
a hospital located in the northeastern part of the city
of Murcia, Spain, were the origins of the community
LD outbreak [49]. Based on investigations, most of the
cooling system installations in the city area, including
hospitals, were not properly maintained. However,
after the LD outbreak was reported and the source was
identified, urgent measures were taken to maintain the
city’s cooling systems, such as cleaning, disinfecting,
and closing possible contaminated sources. The cooling
tower implicated as the major source of the LD outbreak
was also subsequently replaced [49].

A massive outbreak of coronavirus disease-19
(COVID-19) that included 128 cases in July 2015 claimed
12 lives in New York [30]. The Michigan Department of
Health and Human Services announced the outbreak in
January 2016. Since Flint moved to the Flint River for its
water supply, officials have reported 87 cases, 10 of which
have resulted in fatalities [50]. The Flint LD outbreak
was particularly linked to difficulty in treating river
water sources due to seasonal variations between high
organic (microbial) loads, high magnesium hardness,
and high carbon concentrations, which fluctuate mostly
during rain events. Most LD cases are sporadic, but these
significant outbreaks typically include more people. Of
the cases reported to public health authorities, only 4%
were related to the outbreak [51].

Travel is a factor in 20% of documented cases
of LD [52]. The risk of travel-associated LD (TALD) is
predicted to be between 0.0001% and 0.001% per
month of stay in a developing nation, based on data
obtained in Europe in 2009 [47]. A tendency toward
increasing TALD risks from northwest to southeast
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Europe was also observed [47]. Greece had the highest
risk of TALD at 1.68 incidents per million nights;
nevertheless, no domestic TALD cases were reported
in Greece in 2009 [53]. Higher levels of prevention,
control, and notification are required in countries with
high TALD to enhance the diagnosis of LD.

Descriptive epidemiological data from the
1990s showed that between 8,000 and 18,000
hospitalizations were related to community-acquired
LD [54]. A greater estimate could result from current
data. According to the Occupational Safety and Health
Administration, between 10,000 and 50,000 cases of LD
are reported annually in the US, with the northeastern
states reporting the highest notification rates [1]. In
New York City, the number of instances reported to the
Department of Health and Mental Hygiene increased
by 230% between 2002 and 2011, according to a
recent study of 1449 cases [55]. During the same year,
2009 had the highest incidence (2.74 cases/100,000
population), higher than the incidence in the US as a
whole (1.5 cases/100,000 people). Only three reported
cases of LD in Indonesia have been spread across various
regions, including Tangerang, Jakarta, and Bali [56].
The lack of ability to diagnose or identify Legionella,
including the traits of L. pneumophila serogroup from
clinical specimens, is assumed to be the cause of the low
number of case reports. Research findings indicate that
multiple water sources in Palembang have been found
to contain L. pneumophila bacteria [57]. According to
additional research, L. pneumophila was detected in
swimming pool water samples from Surabaya and in
water samples from several hospitals in Jakarta [58, 59].

An efficient notification and surveillance system
is essential for the early detection of epidemics, which
can spread quickly and impact hundreds of people in a
matter of days. However, because affected nations have
different diagnosis and monitoring systems, the precise
global incidence of LD remains unknown and largely
underreported, possibly due to a lack of diagnostic
resources, insufficient surveillance systems, or cultural
and healthcare system challenges. Understanding
the natural history of LD, epidemiological data, and
microbiological information are crucial for locating the
source and implementing effective control measures.
Continuous global and regional surveillance program
strategies and the development of rapid diagnostic
techniques will be instrumental in preventing further
LD outbreaks.

PATHOGENESIS

The pathogenesis of Legionella infection begins
with the presence of pathogenic bacteria in water
sources and human transmission pathways [5]. There
is no evidence of person-to-person transmission
because Legionella does not belong to the normal
human bacterial ecology. The infection begins in
the lower respiratory tract. Legionella is an internal
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facultative parasite, meaning that it can multiply
freely within alveolar macrophages, the principal
barrier against bacterial infection in the lungs [60].
Through complement receptors, bacteria attach to
alveolar macrophages and are taken up by phagosomal
vacuoles. However, the bacteria impede the normal
acidification of the phagolysosome and maintain the
harmful myeloperoxidase system in the absence of
susceptible bacteria by blocking the fusion of lysosomes
with phagosomes by an unknown method. Bacteria
reproduce within the phagosome, meaning that the
cellular compartment becomes a nursery, not a death
trap [61]. The cell eventually breaks down, unleashing a
fresh batch of bacteria to infect more cells.

Potent chemotactic factors are produced by
bacterial growth, complement system activation, and
alveolar macrophage death, resulting in the influx of
polymorphonuclear monocytes and neutrophils [60].
Transudation of serum and deposition of fibrin in the
alveoli are made possible by leaky capillaries. As a
result, breathing becomes difficult, and airway damage
and pneumonia occur. Macrophages play a role in the
spread of bacteria to locations outside the lungs, but an
inflammatory reaction is not always the result [62]. The
symptoms associated with Legionella infection most
likely stem from a combination of physical disruptions
to blood oxygenation, an imbalance between
ventilation and perfusion in the remaining lung tissue,
and the release of harmful chemicals from the bacteria
and inflammatory cells [63)]. Proteases are bacterial
agents that may be in charge of tissue destruction [64].
Tumor necrosis factor, which may be in charge of
certain systemic symptoms, and interleukin-1, which
releases fever from monocytes, are examples of cellular
factors [65].

Virulence seems to have multiple causes.
Metalloproteases and heat shock proteins found in the
cytoplasmic membrane of outer membranes trigger
defensive immunological reactions, although they
are not necessary for pathogenicity [66]. It has been
determined which gene encodes the 29 Kd protein
and contributes to cellular infection [60]. Further
investigation of factors affecting virulence levels that
induce different severity levels in humans. Exploration
on both the bacteria and host sides is necessary.

IMMUNE RESPONSE FROM THE HOST

Conditions that weaken both innate and acquired
immunity are risk factors for LD. The integrity of
physical clearance mechanisms, such as the mucociliary
escalator of the tracheobronchial tree, is an important
line of defense against serious L. pneumophila, which
is more common in individuals with chronic heart and
lung illness [10]. Non-immunological antibacterial
substances such as lysozyme or lactoferrin, which are
typically present in respiratory secretions, might be
involved [67].
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The immunological response that emerges after
an infection by L. pneumophila involves a delicate
equilibrium between the pro- and anti-inflammatory
functions of immune cells (Figure 1). The major
antibacterial defense against Legionella infection
is often compromised by the normal activities of
recruited blood monocytes and human alveolar
macrophages [60]. Mice’s alveolar macrophages of mice
do not promote intracellular bacterial development,
which is one of the key reasons why mice are more
resistant to experimental L. pneumophila [68]. Because
polymorphonuclear leukocytes (neutrophils) do not
promote bacterial growth in vitro and have only
weak bactericidal effects, their involvement in these
illnesses is poorly understood [69]. Neutropenia is
not a significant risk factor, although treatment with
cytokines like gamma-interferon may marginally boost
neutrophil bactericidal activity [70]. On the other hand,
different types of immunosuppression are the major risk
factors for disease in humans. For instance, pneumonia
was more likely in patients receiving corticosteroid
treatment in a minor outbreak caused by contaminated
nebulizers [10].

There is still much to learn about the critical
elements of the immune system that protect against
legionellosis. Legionella is an intracellular facultative
pathogen, which is why cell-mediated immunity
is the focus of the present study by Cunha and
Zamboni [71]. Measuring lymphocyte blastogenesis
following exposure to Legionella antigens allows

physicians to identify infected individuals through
their cell-mediated immune response [2]. After an
acute infection, lymphocytes begin to develop in the
air passages of experimentally infected animals after
approximately 5 days. Activated alveolar macrophages or
peripheral blood monocytes limit bacterial proliferation
in vitro, whereas naive alveolar macrophages are
conducive to intracellular bacterial development [72].
Treatment with lymphokines generated by selectively
stimulated lymphocytes can activate macrophages [73].
An essential mediator is interferon-gamma, which can
take the place of lymphokines. It has been proposed
that intracellular growth is inhibited when iron entry
into phagosomes is restricted, which is a critical growth
factor for Legionella [74].

Less is known about humoral immunity’s function.
All immunoglobulin classes are produced following
experimental therapy or human infection. In vitro,
these antibodies perform opsonization tasks that help
polymorphonuclear leukocytes, macrophages, and
monocytes phagocytose microorganisms [61]. Most
Legionella strains are not killed by antibodies, although
the ability of the cell to phagocytose depends on how
the interaction turns out. L. pneumophila stimulates the
complement system’s classical route, which improves
phagocytosis even further [75]. In addition, the alternate
complement pathway is triggered by Legionella
micdadei, allowing for the opsonization of this species
before the development of an immunologically specific
antibody response [76]. Antibodies can be useful or
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harmful, depending on the circumstances, based on
in vitro data. Studies on animals have confirmed that
antibodies have a protective function [76]. Beside the
humoral immunity, cellular-type immune responses
are also crucial to combat Legionella infection [76].
This response can shape the pathology of Legionella
infection.

PATHOLOGY

The lungs are typically the only organ with
pathological signs. It is typical to have serous or
serosanguineous pleural effusions, fibrinous pleurisy,
and varying degrees of lobar consolidation [77]. Acute
fibrinopurulent bronchopneumonia surrounding the
respiratory bronchioles is a microscopic finding [78].
Septa alveolaris are typically intact. An extensive dense
eosinophilic intra-alveolar proteinaceous and fibrinous
exudate is primarily composed of polymorphonuclear
leukocytes. Macrophages are commonly encountered.
Oxygen toxicity or illness may cause acute diffuse
alveolar injury with hyaline membrane development
and regenerated type 2 pneumocytes [79].

Bacilli are not visible on common tissue stains.
Some of these stains are periodic acid-Schiff stain,
Gridley fungus stain, Gomori methenamine silver
stain, and Brown—Brenn stain [80]. Gimenez staining
works well on both preserved and fresh lungs [81]. The
Warthin-Starry stain and Dieterle’s silver impregnation
stain both clearly identify L. pneumophila but are
not specific [82]. Under an electron microscope,
organisms can be observed inside phagocytic vacuoles,
polymorphonuclear leukocytes, alveolar macrophages,
and exudate [83]. A direct fluorescent antibody (DFA)
test or culture must be used for diagnosis. Before
oxygen therapy, a biopsy taken during the 1 week of
the disease revealed interstitial pneumonia and acute
bronchopneumonia to understand the actual condition
because oxygentreatment mightinfluencethe pathology
appearance [78]. Pathological examination results can
help understand the mechanisms of disease and be a
valuable tool for identifying disease progression.

MANIFESTATION OF L. PNEUMOPHILA INFECTION:
CLINICAL SIGNS AND SYMPTOMS

The term “legionellosis” refers to various terms
referring to both pneumonicand non-pneumonichuman
infections caused by L. pneumophila [84]. The quantity
of bacteria present in the aerosol, virulence factors,
and the individual immunological condition of each
patient all influence the clinical signs and symptoms of
LD. [9]. L. pneumophila can cause serious infections and
sepsis when they interact with other microbes, such as
Helicobacter cinaedi and Streptococcus pneumoniae,
as well as viral diseases like severe acute respiratory
syndrome coronavirus 2 [2]. It is interesting to note
that Sanchez et al. [85] recently revealed that COVID-19
individuals were coinfected with methicillin-resistant
Staphylococcus aureus and L. pneumophila serogroup 1.
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There are two different kinds of manifestations of this
infection: the non-pneumonic form, often known as
Pontiac fever, which is a less severe form of infection that
includes pneumonia, and LD, which is a feverish, flu-like
condition [3]. Furthermore, reports of involvement of
the heart, brain, belly (including the gallbladder), joints,
and skin in extrapulmonary forms of LD have been
published [86]. Furthermore, it is quite uncommon
for LD symptoms to be accompanied by exanthema.
Eleven cases of legionellosis linked to a rash have been
reported in the literature [87].

Pontiac fever is an acute, self-limiting influenza-like
iliness that typically lasts for 2—-5 days. In 1968, at least
144 people were affected by the first known outbreak
of this kind of legionellosis in Pontiac, Michigan [33].
The incubation phase begins when the disease first
manifests symptoms and typically lasts up to 48 h.
Fever, headache, lethargy, and myalgia are the primary
symptoms [88]. Pontiac fever is a self-limiting illness
that frequently goes untreated. The same bacteria
that cause Legionnaire’s disease can also cause Pontiac
fever; however, pneumonia is not the same as Pontiac
fever.

LD is a type of legionellosis pneumonia. Typically
lasting between 2 and 10 days, the incubation period can
last up to 16 days in certain outbreaks [9]. The illness can
cause anything from a cough to potentially dangerous
pneumonia. The initial symptoms include fatigue,
headache, fever, nausea, and malaise. In addition, some
individuals may experience dizziness, disorientation,
and myalgia [12]. Typically, the patient experiences a
moderate dry cough, which develops into a cough with
phlegm in 50% of cases [10]. Approximately one-third
of patients presented with hemoptysis. Lung abscesses
and pleural empyema occur in certain people with
immunological diseases, such as those with systemic
lupus erythematosus after kidney transplantation [89].
Patients with LD may present with gastrointestinal signs,
such as acute stomach pain and watery diarrhea [11]. In
addition to other intracellular infections, L. pneumophila
frequently induces relative bradycardia during fever.
The clinical signs of bacterial pneumonia are rare. In a
patient with disseminated Legionella, Patel et al. [90]
reported an even more uncommon LD manifestation:
Significant hypertriglyceridemia with rhabdomyolysis.

The intensity of illness, suitability of the first
antibiotic treatment, the location where Legionella
was acquired, and host characteristics (nutrition,
immunological state, and co-infections) all affect the
mortality rate associated with LD [91]. The mortality
rate generally falls between 5% and 10%. However,
for immunosuppressed patients who are not receiving
treatment, the mortality rate might increase to
40%—-80%. Even in the conditions mentioned above,
the mortality rate can be reduced to 5%—30% with
appropriate care [2]. It is noteworthy to emphasize
that nosocomial epidemics with elevated mortality
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rates might result from LD associated with healthcare
facilities.

In the past, several test abnormalities have been
linkedtothediagnosisoflegionellosis.Acuteelevations
in creatine phosphokinase levels, elevated liver
enzyme levels, hypophosphatemia, and hyponatremia
are reported in the legionellosis [92]. Take note that
there is a link between severe legionellosis and
hyponatremia. The identification and confirmation
of clinical and laboratory characteristics unique to
Legionella infection have remained elusive in clinical
trials. Diagnostic specificity is low when considering
clinical and laboratory abnormalities separately.
A recent study by Beekman et al. [93] validated a six-
item admission diagnostic scoring system (Legionella
prediction score) to identify pneumonia caused
by L. pneumophila. This list of clinical symptoms
can be an important tool for diagnosing Legionella
infections.

DIAGNOSIS

The typical procedure for identifying Legionella
species involves the cultivation of samples from the
lower respiratory tract [16]. Buffered charcoal yeast
extract mixed with polymyxin, anisomycin, vancomycin,
and dyes is necessary for the first isolation of Legionella;
the dyes give the bacteria distinct colors, whereas
the antimicrobials stop Legionella from growing in
the presence of other competing organisms [94]. In
cases of strong clinical suspicion of LD, urine antigen
and Legionella culture from respiratory samples are
necessary. Legionella infections can be quickly and
affordably diagnosed by urine antigen testing, which
has a sensitivity of 56%—99% [84]. Testing urine
antigens provides numerous benefits compared with
culture. Urinary antigen tests (UATs) are highly sensitive
and specific and are available in a variety of formats,
including a rapid immunochromatographic test or a
96-well plate-based enzyme immunoassay. UATs are the
most common diagnostic tools for Legionella disease
in the United States and Europe [95]. However, they
are less sensitive to the detection of other Legionella
species or serogroup, and urinary antigens may persist
in some patients for months.

The majority of patients suffering from LD find it
difficult to obtain a sufficient sputum specimen; test
results can be obtained within 48-72 h of the onset of
symptoms and can continue to be positive even after
receiving antibiotic therapy for weeks or months; results
for urine antigen can be obtained in a matter of hours,
while results for cultures take 3—5 days [95]. The primary
drawback of urine antigen testing is its high specificity
for Lpl pathogens compared with non-Lpl bacteria.
However, these species and serogroups are responsible
for almost 90% of LD cases in the United States [9].
A quick urine antigen test that records result in 15 min
is the BinaxNOW (Abbot, USA) Legionella Urine Antigen
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Test. This assay uses an immunochromatographic
membrane and has 80% sensitivity and 97%—-100%
specificity [96].

Legionella infections can also be diagnosed using
some other approaches, although these are insensitive
and technically challenging. Respiratory specimens
stained with fluorescein isothiocyanate (FITC) range
in intensity from 25% to 75%. In contrast, a direct
culture of clinical specimens cultured with competing
microorganisms can accomplish this highly specific
(almost 100%) procedure [97]. Polymerase chain
reaction (PCR) amplification of DNA from Legionella
species has been reported in bronchoalveolar lavage,
serum, urine, and throat swab specimens obtained
from patients with pneumonia [98]. These techniques
can amplify DNA from all Legionella species and
serogroups, but they are not well standardized. PCR
has not yet been demonstrated in clinical experience to
be more sensitive than culture, and the CDC does not
advise routinely using PCR or genetic testing to identify
Legionella species in clinical specimens.

Detection using DFA can be used in the diagnosis
of Legionella. This method uses a pool of polyvalent
FITC-labeled rabbit anti-Legionella conjugates to
detect fluorescent bacillary structures in smears
or sections [99]. Because all test methods have
weaknesses, it is recommended that more than one
testing method be used. For example, clinicians may
submit sputum in addition to urine to increase the
possibility of diagnosing Legionella.

DIFFERENTIAL DIAGNOSIS

Clinical diagnosis may be challenging in non-
epidemic situations. Extrapulmonary signs such as
weakness, non-productive cough, chronic and recurring
chills, persistently rising fever, and relative bradycardia
should raise the possibility of LD [100]. An unimpressive
cough and a small phlegm when dealing with severe
pneumonia are something to be concerned about.
Compared with simple-to-simple S. pneumoniae
pneumonia, recurrent chills are more predictive of
LD than single chills [101]. Mycoplasma pneumoniae
infections generally affect younger people, although
there is some age overlap, which is more likely to cause
persistent coughs [102].

In certain regions, the start of late summer is
beneficial, as is immunosuppression, high fever, and
corticosteroid use in nosocomial patients. Aspiration
pneumonia and other dual infections have also been
reported; however, failure to isolate other bacterial
pathogens has been suggested [103]. Q fever,
psittacosis, influenza, and adenovirus should also be
considered [77]. Diffuse interstitial infiltrates are more
common in Q fever, and smaller infiltrates are typically
seen on chest radiographs in patients with psittacosis
than in those with LD [104]. In rare cases, tularemia or
pneumonia should also be considered.
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TRANSMISSION

Humans contract LD by inhaling aerosols
carrying Legionella, which are primarily released from
contaminated water sources [105]. This transmission
method is illustrated in Figure 1. Experts concur that
there is no human-to-person transmission of the
illness [106]. Nonetheless, a case of a potential transfer
from a patient to his caregiver was documented in
2014 [107]. In extremely rare circumstances, direct
contact between tainted water and the surgical site can
cause the spread of this infection [108]. The optimal
temperature range for Legionella to develop is between
25°C and 45°C (77°F and 113°F), with a temperature of
approximately 35°C (95°F) being ideal. Temperatures
>60°C (140°F) can eradicate these microorganisms [109].

Numerous artificial water sources, including hot
water tanks, cooling towers, and evaporative condensers
in sizable air conditioning systems, like those seen in
hotels and big office buildings, are suitable environments
for the growth of these bacteria [110]. L. pneumophila
is currently found in a variety of manmade and natural
aquatic settings, such as hot tubs, cooling towers,
industrial equipment, home plumbing systems, thermal
spas, water pipes, and hospital nasogastric tubes
and nebulizers [111]. Research indicates that these
microorganisms can infiltrate hot water distribution
systems in 12%—70% of hospitals [112].

A 2005 outbreak of LD was reported to have
originated from a small ornamental fountain in
Rapid City, South Dakota [7]. Furthermore, cooling
towers are recognized as primary conduits for the
transmission of this illness, primarily due to their
capacity to disperse tainted aerosols across extended
distances [113]. According to research, the distance at
which contaminated cooling towers can travel airborne
can reach 1.6-3.2 km, and in a French incident, there
were indications of a spread as far as 6 km [114, 115].
The capacity of cooling towers, the absence of efficient
control mechanisms, and pervasive environmental
contamination are important risk factors in community
epidemics. The potential for long-distance airborne
transmission of Legionella poses significant challenges
to public health initiatives aimed at controlling and
preventing Legionella infection.

RISK FACTORS

The host factors that affect susceptibility
to infection and disease severity interact with
geographic factors, which are evident in outbreak
and seropositivity rates [116]. Naturally, men in their
middle to older years dominated the Philadelphia and
Los Angeles outbreaks [87, 117]. In other outbreaks,
occasional nosocomial cases, and rare occurrences,
males also appear to be the predominant gender.
Notably, the incidence of LD infection is higher
in immunocompromised patients from different
hospitals [118]. LD has been reported among patients
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on chronic dialysis in several hospitals. About 63% of
the 241 cases had reported symptoms, and 63% had
a serious underlying illness. Renal transplantation,
malignancy, and, less commonly, rheumatic disease
were the underlying illnesses in 47 immunodeficient
patients. Diabetes mellitus, renal disease, lung disease,
and organic heart disease are other prevalent underlying
illnesses [19]. Smoking and alcoholism are prevalent
and can be risk factors in rare cases [16]. Risk factors
include the proximity of excavations to one’s residence,
overnight travel within the previous 2 weeks, and the
potential use of air conditioning at home [119].

PUBLIC HEALTH IMPORTANCE

Both the USCDCandthe World Health Organization
acknowledge the significance of Legionella in public
health. The number of LD cases recorded in the US has
been increasing since 2003; in 2018, approximately
10,000 cases were reported, but the actual number of
casesis probably significantly higher[1]. Many suggested
contributing causes have been suggested, although the
exact explanation of this ongoing growth is unknown.
These include aged plumbing infrastructure, increased
LD testing, and increased population vulnerability (due
to age and other risk factors) [120]. Monitoring water
systems in public and healthcare facilities is important
to prevent LD outbreaks. This is because Legionella can
grow in complex water systems in buildings, including
healthcare facilities. The individuals at risk include
those who are older, smokers, or have certain medical
conditions [121]. Routine testing for Legionella is an
essential part of a water management plan to prevent
Legionellosis and protect public health. Routine
testing helps detect Legionella early, establish baseline
measurements, and validate water management
programs [122].

In recent years, many prominent Legionella
outbreaks have garnered media attention. One of the
most recent significant outbreaks occurred in New York
City, where a single cooling tower in the South Bronx
was connected to 138 illnesses and 16 fatalities [30]. It is
interesting to note that the existence of L. pneumophila
isolates that are closely related to the epidemic strain
in a number of environmental samples and from earlier
Legionnaires outbreaks raises the possibility that the
Bronx population harbors an “endemic” strain of the
disease. In 2017, two cooling towers at an amusement
park in Orange County, California, were connected to
22 cases of LD among 3 park personnel and 19 guests.
This was another well-known Legionella outbreak
connected to cooling towers [123]. After more research,
it was discovered that the park had not cleaned its
cooling towers according to the correct protocol, which
may have contributed to the elevated Legionella levels
inside the buildings. Travel on cruise ships and lodgings
is also connected to outbreaks of LD. A large cruise
line neglected to inform guests in 2015 that Legionella
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had been found in the ship’s water supply, resulting
in a breakout among those getting off the ship [124].
The investigation revealed that the deck whirlpool
was a likely source of contamination. Legionella is a
widespread contaminant of man-made water systems,
as demonstrated by the current outbreak. LD epidemics
can result from the colonization of these organisms
in water supplies, particularly in establishments such
as hospitals and long-term skilled care facilities that
accommodate patients who are highly susceptible to
serious illness [125]. Many establishments and facilities
have been shuttered for extended periods due to the
COVID-19 pandemic. Systems with standing water allow
Legionella (and other biofilm-forming organisms) to
grow more easily. There could be a rise in the number
of patients with LD once these facilities reopen [126].

TREATMENT

The presence of Legionella species within cells
affects the effectiveness of antibiotic treatment.
Legionella infections respond well to recent respiratory
fluoroquinolones  (particularly  levofloxacin)  and
macrolides (particularly azithromycin) [127]. Results
werecomparablebetweenpeopletakingfluoroquinolones
and those taking macrolides in investigations involving
patients with LD (n = 600) [128]. On the other hand,
fluoroquinolones are linked to a significantly quicker
decrease in body temperature, fewer side effects, and a
lower hospitalization rate.

Due to their quicker onset of fever and shorter
hospital stays, fluoroquinolones, such as levofloxacin,
are frequently the primary choice for patients with
immunosuppression or more severe cases. In mild-
to-moderate cases, a dose of 500 mg once daily for
7-14 days has been demonstrated to be beneficial;
in severe situations, a dose of 750 mg once daily for
5-10 days has demonstrated good benefits. To avoid
relapse, immunosuppressed patients may be given an
extended medication period of 21 days [127].

Other medications that have been effectively used
include trimethoprim-sulfamethoxazole, tigecycline,
doxycycline, and tetracycline [129]. Although imipenem
and clindamycin are useful in certain situations, they
are not considered conventional treatments [130].
Of 1551 patients with CAP in the experiment, 71 had
confirmed L. pneumophila infection. More than 90% of
mild-to-moderate and severe L. pneumophila infections
in these patients responded well to levofloxacin 500 mg
once daily for 10-14 days or 750 mg once daily for
5 days. It is also effective to use 500 mg azithromycin
daily after an initial dose of 1 g daily for a duration of
7-10 days. One common recommendation is a 21-day
treatment with levofloxacin (750 mg once daily) for
immunosuppressed individuals who are very sick when
they first arrive [131].

Ongoing investigation into alternative
antibiotics and adjunctive therapies effective against
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antibiotic-resistant Legionella strains is essential.
This includes studies assessing the efficacy of existing
treatments in different stages of infection and among
diverse populations, including immunocompromised
individuals. For example, omadacycline, a novel
tetracycline antibiotic, showed potential benefits for
treating L. pneumophila. Furthermore, a previous study
by Jasper et al. [127], and Kato et al. [132] demonstrated
the in vivo efficacy of combining sivelestat, a leukocyte
elastase inhibitor, with pazufloxacin, a fluoroquinolone,
for the treatment of L. pneumophila. Both
fluoroquinolones and macrolides are recommended
as first-line treatments for L. pneumophila, but there
is no clear consensus on which is more effective. Some
studies have found no significant difference between
the two, while others have shown a trend toward one
treatment being slightly better [133, 134].

CONTROL

The management of an environment where
Legionella is likely to flourish is the primary goal of
preventive measures against Legionellosis. Ensuring
adherence to national standards and codes of practice
is crucial in mitigating the danger of infection and
subsequent propagation. The best way to prevent LD
is to have a healthy lifestyle, which includes limiting
exposure to cigarette smoke, using disinfectants to
clean water and air pipes, and other practices [135]. In
addition, cleaning humidifiers, hot tubs, shower heads,
and faucets as these items may harbor Legionella [136].
These methods include maintenance, water quality,
building operator training, regulation, and enforcement.

In addition, the air conditioner needs to be
maintained and cleaned with chlorine regularly, which
should be done at least twice a year [137]. A minimum
of 50°C must be reached in the water temperature in
the faucet, and 60°C must be maintained in the water
heater [138]. Steer clear of situations that could lead to
water stagnation.

In  healthcare settings, cleaning nebulizer
medication chambers and making aerosol solutions
for nebulizers and humidifiers should only be done
with sterile water for clinical practice and infection
control [138]. Only sterile water should be used
to flush the nasogastric tube in patients who are
immunosuppressed and intubated. The use of sterile
water is also targeted for respiratory equipment such as
bronchoscopes, heating-cooling units, and continuous
positive airway pressure [139]. This is extremely
important, especially for immunosuppressed subjects,
because it can worsen severe pneumonia [139]. Clinical
infection control protocols need to be implemented,
including how hospitals can better manage water
systems and disinfect medical equipment. Disinfectants
and cleaning agents that can be used to control
Legionella include chlorine, chlorine dioxide, ozone,
copper, and silver ionization [136]. Chlorine dioxide is
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an oxidizing biocide that can be used in drinking water
applications [140]. Other ways to manage Legionella-
contaminated water systems in hospitals include
maintaining water temperatures, removing parts of the
water system with no or low flow, installing thermostatic
mixing valves, recirculating hot or cold water, ensuring
that there is a residual disinfectant, cleaning and
maintaining water system components, flushing water
lines, and descaling shower heads and hoses [141].
In addition, medical equipment can be managed by
regularly cleaning it according to the manufacturer’s
recommendations [142].

In public facilities and environmental settings, to
prevent the growth of Legionella bacteria in hotels,
cruise ships, and public pools, hot water is maintained
at a minimum temperature of 120°F (49°C) and
continually recirculated, while cold water is maintained
below 77°F—113°F (25°C-45°C); keeping water systems
and lines clean and in good condition; flushing water
lines such as faucets, showers, and tub spouts regularly,
especially when not in use; testing and monitoring
spa water quality; and conducting water quality and
frequency checks [113]. Cruise ships must adapt public
hot tub maintenance and operating protocols for private
outdoor hot tubs [143].

Surveillance systems help identify new cases,
identify epidemiological relationships among cases,
and identify the need for outbreak investigations [144].
The notifiable disease database must be updated
within three working days of notification of all probable
and confirmed cases of L. pneumophila, as well as
any clusters or outbreaks caused by other species
of Legionella. Data reporting includes information
such as the number of cases, seasonality, geographic
distribution, and demographic characteristics [145].
Law enforcement can take action against Legionella
violations by ensuring that controls are in place and
functioning to prevent Legionella growth and issuing
a Notification of Contravention detailing the law on
what needs to be done to stop the violation [110].
Increase awareness among healthcare workers and the
public about the risk factors of LD, particularly in those
with weakened immune systems. Strengthen water
disinfection protocols and promote better maintenance
practices in systems such as cooling towers, plumbing,
and hot tubs to minimize Legionella proliferation.

FUTURE PROSPECTS

The urgent problem in Legionella-related diseases
is the difficulty of eradicating them in reservoirs
due to their ability to “hide” under other protozoa
organisms. In such cases, antibiotics and standard
disinfection are not sufficient to prevent Legionella
infection [146]. Moreover, biofilm formation and the
potential spread of viable but non-culturable bacteria
are also found in recurrent cases of Legionella [147].
Thus, an understanding of the mechanism is necessary
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for formulating chemical or mechanical eradication
strategies that target this environmental phase of the
bacteria.

Another important aspect that requires further
investigation is the role of genetic variability in
Legionella virulence and antibiotic resistance. Although
this aspect has been widely studied in other bacteria,
information on Legionella is limited. For example,
mutationsinthe 23S ribosomal ribonucleic acid gene and
ribosomal proteins L4 and L22 contribute to macrolide
resistance [148)]. More investigation is necessary to
tailor treatment options.

Promote public health guidelines on managing
water systems in hotels, hospitals, and other public
spaces, focusing on conditions that favor Legionella
growth, such as stagnant water and warm temperatures.
Investigate the role of biofilms in Legionella colonization
of water systems and develop strategies to prevent
or eliminate biofilm formation. These suggestions are
geared toward advancing prevention, diagnosis, and
treatment, as well as improving public health awareness
and water management practices to control LD.

CONCLUSION

LD, driven by L. pneumophila, represents a
persistent and evolving threat to public health,
characterized by its rising global incidence, severe
clinical manifestations, and significant mortality,
particularly among vulnerable populations. This
review has elucidated the multifaceted aspects of LD,
including its etiology, pathogenesis, epidemiology,
clinical presentation, diagnostic challenges, therapeutic
strategies, and preventive measures. The strength of this
study lies in its comprehensive approach, integrating
historical perspectives, current clinical practices, and
emerging research to provide a holistic understanding
of LD and its implications for healthcare systems and
public health policies.

However,certainlimitationsmustbeacknowledged.
The review predominantly relies on published literature
and existing clinical guidelines, which may not fully
capture regional variations in disease prevalence,
diagnostic capabilities, or healthcare infrastructure. In
addition, while this study highlights novel therapeutic
and preventive approaches, the rapidly evolving nature
of bacterial resistance and environmental adaptation of
Legionella species necessitates ongoing research and
validation of these strategies in diverse settings.

Future research should focus on advancing rapid
and specific diagnostic techniques, exploring novel
antimicrobial agents and treatment modalities, and
enhancing the understanding of Legionella biofilm
formation and persistence in water systems. In addition,
public health initiatives must prioritize the development
and implementation of robust water management
protocols, particularly in high-risk environments
such as healthcare facilities, hotels, and large public
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infrastructures. Addressing these challenges through
interdisciplinary collaboration and innovative research
will be critical to reducing the burden of LD and
improving public health outcomes globally.

AUTHORS’ CONTRIBUTIONS

ARK, BWKW, and NLPID: Drafted the manuscript.
IBM, KAF, and DN: Revised and edited the manuscript.
HN and DAAK: Drafted and revised the manuscript.
MKIJK, IF, and SW: Edited the references. All authors
read and approved the final version of the manuscript.

ACKNOWLEDGMENTS

This review was supported by the Research
Organization for Health, National Research and
Innovation Agency (BRIN), Indonesia.

COMPETING INTERESTS

The authors declare that they have no competing
interests.

PUBLISHER’S NOTE

Veterinary World (Publisher of International
Journal of One Health) remains neutral with regard to
jurisdictional claims in published institutional affiliation.

REFERENCES

1. Moffa, M.A., Rock, C., Galiatsatos, P., Gamage, S.D.,
Schwab, K.J. and Exum, N.G. (2023) Legionellosis on
the rise: A scoping review of sporadic, community-
acquired incidence in the United States. Epidemiol.
Infect., 151(1): e133.

2. Iliadi, V., Staykova, J., lliadis, S., Konstantinidou, I.,
Sivykh, P., Romanidou, G., Vardikov, D.F., Cassimos,$D.
and Konstantinidis, T.G. (2022) Legionella
pneumophila: The journey from the environment to
the blood. J. Clin. Med., 11(20): 6126.

3. Hamilton, K.A., Prussin, AJ. 2", Ahmed, W. and
Haas, C.N. (2018) Outbreaks of Legionnaires’ disease
and pontiac fever 2006—-2017. Curr. Environ. Health
Rep., 5(2): 263-271.

4, Dey, R., Mount, H., Ensminger, AW., Tyrrell, G.J,,
Ward, L.P. and Ashbolt, N.J. (2019) lIsolation of
Legionella pneumophila by co-culture with local
ameba, Canada. Emerg. Infect. Dis., 25(11):
2104-2107.

5. Oliva, G., Sahr, T. and Buchrieser, C. (2018) The life
cycle of L. pneumophila: Cellular differentiation
is linked to virulence and metabolism. Front. Cell.
Infect. Microbiol., 8(1): 3.

6. Mercante, JW., Morrison, S.S., Desai, H.P,
Raphael, B.H. and Winchell, J.M. (2016) Genomic
analysis reveals novel diversity among the 1976
Philadelphia Legionnaires’ disease outbreak isolates
and additional ST36 strains. PLoS One, 11(9):
e0164074.

7.  Prussin, A.., Schwake, D.0. and Marr, L.C. (2017)
Ten questions concerning the aerosolization and
transmission of Legionella in the built environment.

72

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Build. Environ., 123(1): 684—695.

Gleason, J.A. and Cohn, P.D. (2022) A review
of Legionnaires’ disease and public water
systems - Scientific considerations, uncertainties
and recommendations. Int. J. Hyg. Environ. Health,
240(1): 113906.

Rello, J., Allam, C., Ruiz-Spinelli, A. and Jarraud, S.
(2024) Severe Legionnaires’ disease. Ann. Intensive
Care, 14(1): 51.

Chahin, A. and Opal, S.M. (2017) Severe pneumonia
caused by Legionella pneumophila: Differential
diagnosis and therapeutic considerations. Infect. Dis.
Clin. North Am., 31(1): 111-121.

Dalal, N., Athwal, PS.S., Tharu, B., Shah, P. and
Shah, L. (2020) Legionnaires disease presenting as
Diarrhea: A case report. Cureus, 12(9): e10593.
Patel, S., Sharma, R., Attarha, B.O. and Reddy, P.
(2021) A prolonged neurological presentation of
Legionnaire’s disease. Cureus, 13(6): €15672.
Prichard, W. and Fick, L. (2016) When diarrhea can
become deadly: Legionnaires’ disease complicated
by bowel obstruction. Case Rep. Gastroenterol.,
10(3): 781-786.

Sreenath, K., Dey, A.B., Kabra, S.K., Thakur, B.,
Guleria, R. and Chaudhry, R. (2020) Legionella
pneumophila in patients with pneumonia at a referral
hospital, New Delhi, India, 2015-2020. Am. J. Trop.
Med. Hyg., 104(3): 854-860.

Mentula, S., Kaaridinen, S., Jaakola, S., Niittynen, M.,
Airaksinen, P., Koivula, I., Lehtola, M., Mauranen, E.,
Mononen, |.,, Savolainen, R., Haatainen, S. and
Lyytikdinen, O. (2023) Tap water as the source of a
Legionnaires’ disease outbreak spread to several
residential buildings and one hospital, Finland, 2020
to 2021. Euro Surveill., 28(11): 2200673.

Bai, L., Yang, W. and Li, Y. (2023) Clinical and laboratory
diagnosis of Legionella pneumonia. Diagnostics
(Basel), 13(2): 280.

Reller, L.B., Weinstein, M.P. and Murdoch, D.R. (2003)
Diagnosis of Legionella infection. Clin. Infect. Dis.,
36(1): 64—69.

Barigou, M., Cavalie, L., Daviller, B., Dubois, D.,
Mantion, B., Delobel, P., Debard, A., Prere, M.F,,
Marchou, B. and Martin-Blondel, G. (2015) Isolation
on chocolate agar culture of Legionella pneumophila
isolates from subcutaneous abscesses in an
immunocompromised patient. J. Clin. Microbiol.,
53(11): 3683—-3685.

Mercante, J.W. and Winchell, J.M. (2015) Current and
emerging Legionella diagnostics for laboratory and
outbreak investigations. Clin. Microbiol. Rev., 28(1):
95-133.

Ditommaso, S., Giacomuzzi, M., Memoli, G.,
Garlasco, J. and Zotti, C.M. (2021) Comparison of
BCYEa+AB agar and MWY agar for detection and
enumeration of Legionella spp. in hospital water
samples. BMC Microbiol., 21(1): 48.

Zheng, H., Chatfield, C.H., Liles, M.R. and
Cianciotto, N.P. (2013) Secreted pyomelanin of
Legionella pneumophila promotes bacterial iron



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

doi: 10.14202/vetworld.2025.62-77

uptake and growth under iron-limiting conditions.
Infect. Immun., 81(11): 4182-4191.

Padilla-Carlin, D.J., McMurray, D.N. and Hickey, A.J.
(2008) The Guinea pig as a model of infectious
diseases. Comp. Med., 58(4): 324-340.

Viana, F., Boucontet, L., Laghi, V., Schator, D.,
Ibranosyan, M., Jarraud, S., Colucci-Guyon, E. and
Buchrieser, C. (2023) Hiding in the yolk: A unique
feature of Legionella pneumophila infection of
zebrafish. PLoS Pathog., 19(5): €1011375.

Fonseca, M.V. and Swanson, M.S. (2014) Nutrient
salvaging and metabolism by the intracellular
pathogen Legionella pneumophila. Front. Cell. Infect.
Microbiol., 4(1): 12.

Piao, Z.,Sze, C.C., Barysheva, O., lida, K. and Yoshida, S.
(2006) Temperature-regulated formation of mycelial
mat-like biofilms by Legionella pneumophila. Appl.
Environ. Microbiol., 72(2): 1613-1622.

Shen, J., Jiang, Q.W., Li, Q.X., Chen, H.. and Li, Z.H.
(2005) Gimenez staining: A rapid method for initial
identification of Legionella pneumophila in Amoeba
trophozoite. Zhongguo Ji Sheng Chong Xue Yu Ji
Sheng Chong Bing Za Zhi=Chin. J. Parasitol. Parasit.
Dis., 23(4): 240-242.

Berjeaud, J.M., Chevalier, S., Schlusselhuber, M.,
Portier, E., Loiseau, C., Aucher, W., Lesouhaitier, O.
and Verdon, J. (2016) Legionella pneumophila:
The paradox of a highly sensitive opportunistic
waterborne pathogen able to persist in the
environment. Front. Microbiol., 7(1): 486.

Sousa, P.S., Silva, I.N., Moreira, L.M., Verissimo, A.
and Costa, J. (2018) Differences in virulence
between Legionella pneumophila isolates from
human and non-human sources determined in
Galleria mellonella infection model. Front. Cell.
Infect. Microbiol., 8(1): 97.

Nishida, T., Nakagawa, N., Watanabe, K., Shimizu, T.
and Watarai, M. (2019) Attenuated Legionella
pneumophila survives for a long period in an
environmental water site. Biomed. Res. Int., 2019(1):
8601346.

Lapierre, P., Nazarian, E., Zhu, Y., Wroblewski, D.,
Saylors, A., Passaretti, T., Hughes, S., Tran, A.,
Lin, Y., Kornblum, J., Morrison, S.S., Mercante, J.W.,
Fitzhenry, R., Weiss, D., Raphael, B.H., Varma, J.K,,
Zucker, H.A., Rakeman, J.L. and Musser, K.A. (2015)
Legionnaires’ disease outbreak caused by endemic
strain of Legionella pneumophila, New York,
New York, USA, 2015. Emerg. Infect. Dis., 23(11):
1784-1791.

Lupia, T., Corcione, S., Shbaklo, N., Rizzello, B., De
Benedetto, I., Concialdi, E., Navazio, A.S., Penna, M.,
Brusa, M.T. and De Rosa, F.G. (2023) Legionella
pneumophila infections during a 7-year retrospective
analysis (2016-2022): Epidemiological, clinical
features and outcomes in patients with Legionnaires’
disease. Microorganisms, 11(2): 498.

Fields, B.S., Benson, R.F. and Besser, R.E. (2002)
Legionella and Legionnaires’ disease: 25 years of
investigation. Clin. Microbiol. Rev., 15(3): 506—-526.

73

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Bell, H., Chintalapati, S., Patel, P., Halim, A., Kithas,
A. and Schmalzle, S.A. (2021) Legionella longbeachae
pneumonia: Case report and review of reported cases
in non-endemic countries. /IDCases, 23(1): e01050.
Talapko, J., Frauenheim, E., Juzbasi¢, M., Tomas, M.,
Mati¢, S., Juki¢, M., Samardzi¢, M. and Skrlec, I.
(2022) Legionella pneumophila-virulence factors
and the possibility of infection in dental practice.
Microorganisms, 10(2): 255.

Abdel-Nour, M., Duncan, C., Low, D.E. and Guyard, C.
(2013) Biofilms: The stronghold of Legionella
pneumophila. Int. J. Mol. Sci., 14(11): 21660-21675.
Lombardi, A., Borriello, T., De Rosa, E., Di Duca, F.,
Sorrentino, M., Torre, |., Montuori, P, Trama, U.
and Pennino, F. (2023) Environmental monitoring
of Legionella in hospitals in the Campania region:
A 5-year study. Int. J. Environ. Res. Public Health,
20(8): 5526.

Vance, P.H., Schaeffer, F, Trevino, E. and
Weissfeld, A.S. (2015) Legionella: A fascinating
bacterium uncovered in the twentieth century. Clin.
Microbiol. Newsl., 37(15): 119-123.

Leoni, E., Dallolio, L., Stagni, F, Sanna, T,
D’Alessandro, G. and Piana, G. (2015) Impact of a risk
management plan on Legionella contamination of
dental unit water. Int. J. Environ. Res. Public Health,
12(3): 2344-2358.

Chatziprodromidou, I.P., Savoglidou, I., Stavrou, V.,
Vantarakis, G. and Vantarakis, A. (2022) Surveillance
of Legionella spp. in open fountains: Does It pose a
risk? Microorganisms, 10(12): 2458.

Kyritsi, M.A., Mouchtouri, V.A., Katsiafliaka, A.,
Kolokythopoulou, F., Plakokefalos, E., Nakoulas, V.,
Rachiotis, G. and Hadjichristodoulou, C. (2018)
Clusters of healthcare-associated Legionnaires’
disease in two hospitals of central Greece. Case Rep.
Infect. Dis., 2018(1): 2570758.

Tanimoto, T., Takahashi, K. and Crump, A. (2021)
Legionellosis in Japan: A self-inflicted wound? Intern.
Med., 60(2): 173-180.

Loh, C.H. and Soni, R. (2020) Exposure to potting
soils and compost material as potential sources of
Legionella pneumophilia in Australia. Respir. Med.
Case Rep., 31(1): 101156.

Beauté, J. and The European Legionnaires’ Disease
Surveillance Network. (2017) Legionnaires’ disease in
Europe, 2011 to 2015. Euro Surveill., 22(27): 30566.
Viasus, D., Di Yacovo, S. Garcia-Vidal, C.,
Verdaguer, R., Manresa, F., Dorca, J., Gudiol, F. and
Carratala, J. (2013) Community-acquired Legionella
pneumophila pneumonia: A single-center experience
with 214 hospitalized sporadic cases over 15 years.
Medicine (Baltimore), 92(1): 51-60.

Halat, D.H. and Moubareck, C.A. (2024) Hospital-
acquired and ventilator-associated pneumonia
caused by multidrug-resistant Gram-negative
pathogens: Understanding epidemiology, resistance
patterns, and implications with COVID-19. F1000Res,
12(1): 92.

Spiegelman, J., Pedutem, T. and Francisco, M.J.



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

doi: 10.14202/vetworld.2025.62-77

(2020) Legionnaires’ disease cases at a large
community hospital-common and underdiagnosed.
Int. J. Environ. Res. Public Health, 17(1): 332.

Beauté, J., Zucs, P. and de Jong, B. (2012) Risk for
travel-associated Legionnaires’ disease, Europe,
2009. Emerg. Infect. Dis., 18(11): 1811-1816.

Phin, N., Parry-Ford, F., Harrison, T., Stagg, H.R.,,
Zhang, N., Kumar, K., Lortholary, O., Zumla, A.
and Abubakar, I. (2014) Epidemiology and clinical
management of Legionnaires’ disease. Lancet Infect.
Dis., 14(10): 1011-1021.

Masten, S.J., Davies, S.H. and Mcelmurry, S.P. (2016)
Flint water crisis: What happened and why? J. Am.
Water Works Assoc., 108(12): 22—-34.

Masten, S.J., Davies, S.H. and Mcelmurry, S.P. (2016)
Flint water crisis: What happened and why? J. Am.
Water Works Assoc., 108(12): 22-34.

Cohn, P.D., Gleason, J.A., Rudowski, E., Tsai, S.M.,
Genese, C.A. and Fagliano, J.A. (2015) Community
outbreak of legionellosis and an environmental
investigation into a community water system.
Epidemiol. Infect., 143(6): 1322-1331.

Barskey, A.E., Derado, G. and Edens, C. (2022) Rising
incidence of Legionnaires’ disease and associated
epidemiologic patterns, United States, 1992-2018.
Emerg. Infect. Dis., 28(3): 527-538.

Papadakis, A., Chochlakis, D., Sandalakis, V.,
Keramarou, M., Tselentis, Y. and Psaroulaki, A. (2018)
Legionella spp. risk assessment in recreational and
garden areas of hotels. Int. J. Environ. Res. Public
Health, 15(4): 598.

Silk, B.J., Foltz, J.L., Ngamsnga, K., Brown, E.,
Mufioz, M.G., Hampton, L.M., Jacobs-Slifka, K.,
Kozak, N.A., Underwood, J.M., Krick, J., Travis, T.,
Farrow, O., Fields, B.S., Blythe, D. and Hicks, L.A.
(2013) Legionnaires’ disease case-finding algorithm,
attack rates, and risk factors during a residential
outbreak among older adults: An environmental and
cohort study. BMC Infect. Dis., 13(1): 291.

Farnham, A., Alleyne, L., Cimini, D. and Balter, S.
(2014) Legionnaires’ disease incidence and risk
factors, New York, New York, USA, 2002-2011.
Emerg. Infect. Dis., 20(11): 1795-1802.

Rahmawaty, R.G., Aziz, M.H., Dachwan, C., Sari, E.Y.,
Ariyanto, I.LA. and Wahid, M. (2022) Challenges for
Legionella pneumophila detection in Indonesia. J
Clin. Microbiol. Infect. Dis., 2(2): 44—-46.

Kautsar, R., Fauziyah, S., Aquaresta, F., Widya, A.M.,
Fajar, N.S., Damayanti, M. and Sucipto, T.H. (2024)
Detection of Legionella pneumophila bacteria
from water sources in Palembang City, Indonesia.
Biodiversitas, 25(4): 1499-1504.

Aksono, E.B., Ana, A.F. and Eka, P.H. (2017) Legionella
pneumophila bacteria detected in swimming pool
water of Surabaya by using nested polymerase chain
reaction. J. Vet., 18(2): 221-225.

Moehario, L.H., Robertus, T., Grace, Y. and Tjoa, E.
(2019) Screening of Legionella pneumophila from
water sources in the hospitals in Jakarta. Health
Sci. J. Indones., 10(1): 21-26.

74

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Yang, J.L., Li, D. and Zhan, X.Y. (2022) Concept about
the virulence factor of Legionella. Microorganisms,
11(1): 74.

Uribe-Querol, E. and Rosales, C. (2017) Control
of phagocytosis by microbial pathogens. Front.
Immunol., 8(1): 1368.

Liu, X. and Shin, S. (2019) Viewing Legionella
pneumophila pathogenesisthrough animmunological
lens. J. Mol. Biol., 431(21): 4321-4344.

Pota, V., Coppolino, F., Auricchio, A., Cardella, F., Del
Prete, M., Scalvenzi, A., Sansone, P., Passavanti, M.B.
and Pace, M.C. (2024) Noninvasive respiratory
support with high-flow nasal cannula in endoscopic
surgery in a patient with Legionella pneumophila
pneumonia: A case report. Perioper. Med. (Lond),
13(1): 29.

Scheithauer, L., Thiem, S., Unal, C.M., Dellmann, A.
and Steinert, M. 2022. Zinc metalloprotease ProA
from Legionella pneumophila inhibits the pro-
inflammatory host response by degradation of
bacterial flagellin. Biomolecules, 12(5): 624.

Liu, M., Conover, G.M. and Isberg, R.R. (2008)
Legionella pneumophila EnhC is required for
efficient replication in tumour necrosis factor alpha-
stimulated macrophages. Cell. Microbiol., 10(9):
1906-1923.

Ayesha, A., Chow, FW. and Leung, P.H. (2023) Role of
Legionella pneumophila outer membrane vesicles in
host-pathogen interaction. Front. Microbiol., 14(1):
1270123.

Orsi, N.(2004) The antimicrobial activity of lactoferrin:
Current status and perspectives. Biometals, 17(1),
189-196.

Whitfield, N.N., Byrne, B.G. and Swanson, M.S.
(2010) Mouse macrophages are permissive to motile
Legionella species that fail to trigger pyroptosis.
Infect. Immun., 78(1): 423-432.

Allen, L.A. (2003) Mechanisms of pathogenesis:
Evasion of killing by polymorphonuclear leukocytes.
Microbes Infect., 5(14): 1329-1335.
McCoy-Simandle, K., Stewart, C.R., Dao, J., DebRoy, S.,
Rossier, O., Bryce, P.J. and Cianciotto, N.P. (2011)
Legionella pneumophila type Il secretion dampens
the cytokine response of infected macrophages and
epithelia. Infect. Immun., 79(5): 1984-1997.

Cunha, L.D. and Zamboni, D.S. (2014) Recognition
of Legionella pneumophila nucleic acids by innate

immune receptors. Microbes Infect., 16(12):
985-990.
Matsunaga, K., Klein, TW., Friedman, H. and

Yamamoto, Y. (2001) Legionella pneumophila
replication in macrophages inhibited by selective
immunomodulatory effects on cytokine formation
by epigallocatechin gallate, a major form of tea
catechins. Infect. Immun., 69(6): 3947—-3953.

Chang, DT., Jones, J.A., Meyerson, H., Colton, E., Kwon, |.K.,
Matsuda, T. and Anderson, J.M. (2008) Lymphocyte/
macrophage interactions: Biomaterial surface-dependent
cytokine, chemokine, and matrix protein production. J.
Biomed. Mater. Res. A, 87(3): 676-687.



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

doi: 10.14202/vetworld.2025.62-77

Amer, A., Franchi, L., Kanneganti, T.D., Body-
Malapel, M., Ozoren, N., Brady, G., Meshinchi, S.,
Jagirdar, R., Gewirtz, A., Akira, S. and Nufiez, G. (2006)
Regulation of Legionella phagosome maturation
and infection through flagellin and host Ipaf. J. Biol.
Chem., 281(46): 35217-35223.

Mintz, C.S., Schultz, D.R., Arnold, P.I. and Johnson, W.
(1992) Legionella pneumophila lipopolysaccharide
activates the classical complement pathway. Infect.
Immun., 60(7): 2769-2776.

Benitez, A.J. and Winchell, J.M. (2016) Rapid detection
and typing of pathogenic nonpneumophila Legionella
spp. isolates using a multiplex real-time PCR assay.
Diagn. Microbiol. Infect. Dis., 84(4): 298-303.

Cunha, B.A. (2010) Legionnaires’ disease: Clinical
differentiation from typical and other atypical
pneumonias. Infect. Dis. Clin. North Am., 24(1):
73-105.

Trousil, J., Frgelecova, L., Kubitkova, P., Rehakovd, K.,
Drasar, V., Matéjkova, J., Stépanek, P. and Pavlig, O.
(2022) Acute pneumonia caused by clinically isolated
Legionella pneumophila Sg 1, ST 62: Host responses
and pathologies in mice. Microorganisms, 10(1): 179.
Kashif, M., Patel, R., Bajantri, B. and Diaz-Fuentes, G.
(2017) Legionella pneumonia associated with severe
acute respiratory distress syndrome and diffuse
alveolar hemorrhage - A rare association. Respir.
Med. Case Rep., 21(1): 7-11.

Riku, M., Nakamura, R., Terashima, T., Sakanashi, D.,
Nakata, S., Kawamura, M., Ohnishi, K. Ito, H.,
Watanabe, E., Mikamo, H. and Kasai, K. (2024) Detection
of Legionella species other than Legionella pneumophila
in formalin-fixed paraffin-embedded tissue: An autopsy
case study. Pathol. Int., 74(11): 655—659.

Faulkner, G. and Gardufio, R.A. (2002) Ultrastructural
analysis  of  differentiation in Legionella
pneumophila. J. Bacteriol., 184(24): 7025-7041.
McCullough, A.E. and Leslie, K.O. (2018) Lung
infections.  Practical ~ Pulmonary  Pathology:
A Diagnostic Approach. Churchill Livingstone,
United Kingdom, p147-226.e5.

Hubber, A. and Roy, C.R. (2010) Modulation of host
cell function by Legionella pneumophila type IV
effectors. Annu. Rev. Cell. Dev. Biol., 26(1): 261-283.
Viasus, D., Gaia, V., Manzur-Barbur, C. and Carratala, J.
(2022) Legionnaires’ disease: Update on diagnosis
and treatment. Infect. Dis. Ther., 11(1): 973—-986.
Sanchez, A., Elliott, E.Il, Wang, P. and Spichler-
Moffarah, A. (2022) Legionella pneumophila and
Staphylococcus aureus co-infections in a patient with
SARS-CoV-2. BMJ Case Rep., 15(3): e248536.
Elikowski, W., Matek-Elikowska, M., Ganowicz-
Kaatz, T., Fertata, N., Zawodna, M. and Pyda, M. (2020)
Asymptomatic cardiac and gallbladder involvement
at initial presentation of Legionnaires’ disease. Pol.
Merkur. Lekarski., 48(283): 60—64.

Carter, C.J., Corley, E.M., Canepa, H. and
Schmalzle, S.A. (2022) Legionnaires’ disease
presenting with exanthem; Case and review of
previously published cases. IDCases, 27(1): e01376.

75

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Pancer, K. and Styputkowska-Misiurewicz, H. (2003)
Goraczka pontiac--pozaptucna postaé¢ legionelozy
[Pontiac fever--non-pneumonic legionellosis]. Przegl.
Epidemiol., 57(4): 607-612.

Senécal, J.L., St-Antoine, P. and Béliveau, C. (1987)
Legionella pneumophila lung abscess in a patient
with systemic lupus erythematosus. Am. J. Med. Sci.,
293(5): 309-314.

Patel, H., Shelley, P. and Hatoum, H. (2020)
Hypertriglyceridemia and massive rhabdomyolysis in
a patient with disseminated Legionella. Respir. Med.
Case Rep., 32(1): 101321.

Shames, S.R. (2023) Eat or be eaten: Strategies used
by Legionella to acquire host-derived nutrients and
evade lysosomal degradation. Infect. Immun., 91(4):
e0044122.

Kumar, D., Vanani, N.B., Dobbs, J. and Jha, P. (2023)
Legionella-induced hepatitis: A case report. Cureus,
15(4): e37497.

Beekman, R.R.A.L., Duijkers, R.R., Snijders, D.D., van
der Eerden, M.M.,, Kross, M.M. and Boersma, W.W.G.
(2022) Validating a clinical prediction score for
Legionella-related community acquired pneumonia.
BMC Infect. Dis., 22(1): 442.

Ditommaso, S., Giacomuzzi, M., Memoli, G.,
Garlasco, J. and Zotti, C.M. (2020) Sensitivity and
selectivity of two commercially available media for
Legionella spp. recovery from environmental water
samples. Pathogens, 9(7): 523.

Kim, P., Deshpande, A. and Rothberg, M.B. (2022)
Urinary antigen testing for respiratory infections:
Current perspectives on utility and limitations. Infect.
Drug Resist., 15(1): 2219-2228.

Wong, AY\W.,, Johnsson, AT.A,, lversen, A., Athlin, S.
and Ozenci, V. (2021) Evaluation of four lateral flow
assays for the detection of Legionella urinary antigen.
Microorganisms, 9(3): 493.

Wellinghausen, N., Frost, C. and Marre, R. (2001)
Detection of Legionellae in hospital water samples by
guantitative real-time LightCycler PCR. Appl. Environ.
Microbiol., 67(9): 3985-3993.

Angrup, A., Chaudhry, R., Sharma, S., Valavane, A,
Passi, K., Padmaja, K., Javed, S., Dey, A.B., Dhawan, B.
and Kabra, S.K. (2016) Application of real-time
quantitative polymerase chain reaction assay
to detect Legionella pneumophila in patients of
community-acquired pneumonia in a tertiary care
hospital. Indian J. Med. Microbiol., 34(4): 539-543.
She, R.C., Billetdeaux, E., Phansalkar, A.R. and
Petti, C.A. (2007) Limited applicability of direct
fluorescent-antibody testing for Bordetella sp. and
Legionella sp. specimens for the clinical microbiology
laboratory. J. Clin. Microbiol., 45(7): 2212-2214.
Szymarniski, M., Smietana, J.H., Jaworski, W.R.,
Skiba, M.M., Piasecka, M. and Olender, A. (2023) A
case of Legionnaires’ disease during the Legionella
epidemic in South-Eastern Poland in August 2023.
Pol. Arch. Intern. Med., 133(1): 16584.

Bartlett, J.G., Dowell, S.F., Mandell, L.A., File, TM.,
Musher, D.M. and Fine, M.J. (2000) Practice



102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

doi: 10.14202/vetworld.2025.62-77

guidelines for the management of community-
acquired pneumonia in adults. Infectious Diseases
Society of America. Clin. Infect. Dis., 31(2): 347—-382.
Ruan, J., Fu, Z. and Ying, L. (2024) Clinical differences
between Mycoplasma pneumoniae pneumonia
and Streptococcus pneumoniae pneumonia: A case
control study. Front. Pediatr., 12(1): 1409687.

Dow, G.C. and Chow, AMW. (1992) Legionella-
associated lung abscess: Critical pathogen or minor
isolate? Can. J. Infect. Dis., 3(6): 315—-318.
Macfarlane, J.T., Miller, A.C., Smith, W.H.R.,
Morris, A.H. and Rose, D.H. (1984) Comparative
radiographic features of community acquired
Legionnaires’ disease, pneumococcal pneumonia,
mycoplasma pneumonia, and psittacosis. Thorax,
39(1): 28-33.

Chauhan, D. and Shames, S.R. (2021) Pathogenicity
and virulence of Legionella: Intracellular replication
and host response. Virulence, 12(1): 1122-1144.
Correia, A.M., Ferreira, J.S., Borges, V., Nunes, A.,
Gomes, B., Capucho, R., Gongalves, J., Antunes, D.M.,
Almeida, S., Mendes, A., Guerreiro, M., Sampaio, D.A.,
Vieira, L., Machado, J., Simdes, M.J., Gongalves, P.
and Gomes, J.P. (2016) Probable person-to-person
transmission of Legionnaires’ disease. N. Engl. J.
Med., 374(5): 497-498.

Ambrose, M., Roselle, G.A., Kralovic, S.M. and
Gamage, S.D. (2021) Healthcare-associated
Legionella disease: A multi-year assessment of
exposure settings in a national healthcare system in
the United States. Microorganisms, 9(2): 264.

Lowry, PW., Blankenship, R.J., Gridley, W., Troup, N.J.
and Tompkins, L.S. (1991) A cluster of Legionella
sternal-wound infections due to postoperative
topical exposure to contaminated tap water. N. Engl.
J. Med., 324(2): 109-113.

McGinnis, S., Free, R.J., Burnell, J., Basavaraju, S.V.,
Kanaskie, T., Hannapel, E.J., Plipat, N., Warren, K. and
Edens, C. (2022) Suspected Legionella transmission
from a single donor to two lung transplant
recipients - Pennsylvania, May 2022. MMWR Morb.
Mortal. Wkly. Rep., 72(37): 1001-1004.

Crook, B., Willerton, L., Smith, D., Wilson, L., Poran, V.,
Helps, J. and McDermott, P. (2020) Legionella risk in
evaporative cooling systems and underlying causes of
associated breaches in health and safety compliance.
Int. J. Hyg. Environ. Health, 224(1): 113425.

Lee, H.K., Shim, J.I., Kim, H.E., Yu, JY. and Kang, Y.H.
(2010) Distribution of Legionella species from
environmental water sources of public facilities and
genetic diversity of L. pneumophila serogroup 1
in South Korea. Appl. Environ. Microbiol., 76(19):
6547—6554.

Marchesi, |, Marchegiano, P., Bargellini, A,
Cencetti, S., Frezza, G., Miselli, M. and Borella, P.
(2011) Effectiveness of different methods to control
Legionella in the water supply: Ten-year experience
in an Italian university hospital. J. Hosp. Infect., 77(1):
47-51.

Yao, X.H., Shen, F.,, Hao, J., Huang, L. and Keng, B.

76

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

(2024) A review of Legionella transmission risk in
built environments: Sources, regulations, sampling,
and detection. Front. Public Health, 12(1): 1415157.
Nguyen, T.M., llef, D., Jarraud, S., Rouil, L., Campese, C.,
Che, D., Haeghebaert, S., Ganiayre, F., Marcel, F.,
Etienne, J. and Desenclos, J.C. (2006) A community-
wide outbreak of Legionnaires disease linked to
industrial cooling towers--how far can contaminated
aerosols spread? J. Infect. Dis., 193(1): 102-111.
Campese, C., Bitar, D., Jarraud, S., Maine, C., Forey, F.,
Etienne, J., Desenclos, J.C., Saura, C. and Che, D.
(2011) Progress in the surveillance and control of
Legionella infection in France, 1998-2008. Int. J.
Infect. Dis., 15(1): e30—e37.

Graham, F.F, Hales, S., White, P.S. and Baker, M.G.
(2020)  Review global  seroprevalence  of
legionellosis - a systematic review and meta-analysis.
Sci. Rep., 10(1): 7337.

Cunha, C.B. and Cunha, B.A. (2017) Legionnaire’s
disease since Philadelphia: Lessons learned and
continued progress. Infect. Dis. Clin. North Am.,
31(1): 1-5.

Gea-lzquierdo, E., Gil-Prieto, R., Hernandez-
Barrera, V., Rodriguez-Caravaca, G. and Gil-
de-Miguel, A. (2023) Legionellosis-associated

hospitalization in Spain from 2002 to 2021.
Microorganisms, 11(7): 1693.

Straus, W.L., Plouffe, J.F., File, T.M., Lipman, H.B.,
Hackman, B.H., Salstrom, S.J., Benson, R.F.and Breiman,
R.F. (1996) Risk factors for domestic acquisition of
legionnaires disease. Ohio legionnaires Disease Group.
Arch. Intern. Med., 156(15): 1685—-1692.

Khayat, R., Abdullah, N., Biswas, S., Rehman, H. and
Short, K. (2019) Epidemiological trends of reported
Legionnaires’ disease in Houston, Texas, 2014—-2017.
Online J. Public Health Inform., 11(1): e383.

Soda, E.A., Barskey, A.E., Shah, P.P, Schrag, S.,
Whitney, C.G., Arduino, M.J., Reddy, S.C., Kunz, J.M.,
Hunter, C.M., Raphael, B.H. and Cooley, L.A. (2017)
Vital signs: Health care-associated Legionnaires’
disease surveillance data from 20 states and a large
Metropolitan Area - United States, 2015. MMWR
Morb. Mortal. Wkly. Rep., 66(22): 584-589.

Whiley, H. (2016) Legionella risk management and
control in potable water systems: Argument for the
abolishment of routine testing. Int. J. Environ. Res.
Public Health, 14(1): 12.

Rebellato, S., Lee, C., Gardner, C., Kivilahti, K.,
Wallace, J., Hachborn, D., Fenik, J., Majury, A., Kim, J.,
Murphy, A. and Minnery, J. (2023) Community
Legionella outbreak linked to a cooling tower, 2022.
Can. Commun. Dis. Rep., 49(9): 380-386.

Pastoris, M.C., Lo Monaco, R., Goldoni, P,
Mentore, B., Balestra, G., Ciceroni, L. and Visca, P.
(1999) Legionnaires’ disease on a cruise ship linked
to the water supply system: Clinical and public health
implications. Clin. Infect. Dis., 28(1): 33—38.
Seenivasan, M.H., Yu, V.L. and Muder, R.R. (2005)
Legionnaires’ disease in long-term care facilities:
Overview and proposed solutions. J. Am. Geriatr.



126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

doi: 10.14202/vetworld.2025.62-77

Soc., 53(5): 875-880.

Molina, J.J., Bennassar, M., Palacio, E. and Crespi, S.
(2023) Impact of prolonged hotel closures during the
COVID-19 pandemic on Legionella infection risks.
Front. Microbiol., 14(1): 1136668.

Jasper, A.S., Musuuza, J.S., Tischendorf, J.S,,
Stevens, VW., Gamage, S.D., Osman, F. and Safdar, N.
(2021) Are fluoroquinolones or macrolides better for
treating Legionella Pneumonia? A systematic review
and meta-analysis. Clin. Infect. Dis., 72(11): 1979-1989.
Garrido, R.M.B., Parra, F.J.E.,, Francés, LA,
Guevara, R.M.R., Sanchez-Nieto, JM,,
Hernandez, M.S., Martinez, J.A.S. and Huerta, F.H.
(2005) Antimicrobial chemotherapy for Legionnaires
disease: Levofloxacin versus macrolides. Clin. Infect.
Dis., 40(6): 800—-806.

Pappa, O., Chochlakis, D., Sandalakis, V., Dioli, C.,
Psaroulaki, A. and Mavridou, A. (2020) Antibiotic
resistance of Legionella pneumophila in clinical and
water isolates-a systematic review. Int. J. Environ.
Res. Public Health, 17(16): 5809.

Lee, M.S., Oh, JY.,, Kang, C.I., Kim, E.S., Park, S.,
Rhee, C.K., Jung, Y., Jo, KW., Heo, EY., Park, D.A,,
Suh, G.Y. and Kiem, S. (2018) Guideline for antibiotic
use in adults with community-acquired pneumonia.
Infect. Chemother., 50(2): 160-198.

Graham, F.F., Finn, N., White, P, Hales, S. and
Baker, M.G. (2022) Global perspective of Legionella
infection in community-acquired pneumonia:
A systematic review and meta-analysis of
observational studies. Int. J. Environ. Res. Public
Health, 19(3): 1907.

Kato, H., Hagihara, M., Asai, N., Shibata, Y., Koizumi, Y.,
Yamagishi, Y. and Mikamo, H. (2021) Meta-analysis of
fluoroquinolones versus macrolides for treatment of
Legionella pneumonia. J. Infect. Chemother., 27(3):
424-433,

Basilim, A., Wali, H., Rabaan, A.A. and Eljaaly, K.
(2022) Efficacy of empiric macrolides versus
fluoroquinolones in community-acquired pneumonia
associated with atypical bacteria: A meta-analysis.
Respir. Med. Res., 82(1): 100931.

Vardakas, K.Z., Trigkidis, K.K. and Falagas, M.E. (2017)
Fluoroquinolones or macrolides in combination
with B-lactams in adult patients hospitalized with
community acquired pneumonia: A systematic
review and meta-analysis. Clin. Microbiol. Infect.,
23(4): 234-241.

Jiang, C., Chen, Q. and Xie, M. (2020) Smoking
increases the risk of infectious diseases: A narrative
review. Tob. Induc. Dis., 18(1): 60.

Sciuto, E.L., Lagana, P, Filice, S., Scalese, S.,
Libertino, S., Corso, D., Faro, G. and Coniglio, M.A.
(2021) Environmental management of Legionella

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

in domestic water systems: Consolidated and
innovative approaches for disinfection methods and
risk assessment. Microorganisms, 9(3): 577.
Gea-lzquierdo, E., Gil-de-Miguel, A. and Rodriguez-
Caravaca, G. (2023) Legionella pneumophila risk from
air-water cooling units regarding pipe material and
type of water. Microorganisms, 11(3): 638.

O’Malley, C.A. (2015) Device cleaning and infection
control in aerosol therapy. Respir. Care, 60(6): 917-927.
Marrie, T.J., Haldane, D., MacDonald, S., Clarke, K.,
Fanning, C., Le Fort-Jost, S., Bezanson, G. and Joly, J.
(1991) Control of endemic nosocomial Legionnaires’
disease by using sterile potable water for high risk
patients. Epidemiol. Infect., 107(3): 591-605.
Jonnalagadda, S.B. and Nadupalli, S. (2014) Chlorine
dioxide for bleaching, industrial applications and
water treatment. Indian Chem. Eng., 56(2): 123-136.
Gavalda, L., Garcia-Nufiez, M., Quero, S., Gutierrez-
Milla, C. and Sabria, M. (2019) Role of hot water
temperature and water system use on Legionella
control in a tertiary hospital: An 8-year longitudinal
study. Water Res., 149(1): 460—-466.

Li, J.,, Mao, Y. and Zhang, J. (2022) Maintenance
and quality control of medical equipment based
on information fusion technology. Comput. Intell.
Neurosci., 2022(1): 9333328.

Lee, S., Edens, C., Ritter, T, Rodriguez, L.O.,
Tardivel, K., Kozak-Muiznieks, N.A., Willby, M.,
Ortiz, N., Cohen, A.L. and Smith, J.C. (2024) Two
outbreaks of legionnaires disease associated with
outdoor hot tubs for private use - Two cruise ships,
November 2022-July 2024. MMWR Morb. Mortal.
Wkly. Rep., 73(42): 950-954.

Gleason, J.A. and Ross, K.M. (2022) Development and
evaluation of statewide prospective spatiotemporal
Legionellosis cluster surveillance, New Jersey, USA.
Emerg. Infect. Dis., 28(3): 625-630.

Falconi, TM.A., Cruz, M.S. and Naumova, E.N. (2018)
The shift in seasonality of Legionellosis in the USA.
Epidemiol. Infect., 146(14): 1824-1833.

Nisar, M.A., Ross, K.E., Brown, M.H., Bentham, R.
and Whiley, H. (2020) Legionella pneumophila and
protozoan hosts: Implications for the control of
hospital and potable water systems. Pathogens,
9(4): 286.

Buse, H.Y., Donohue, M.J. and Ashbolt, N.J. (2013)
Hartmannella vermiformis inhibition of Legionella
pneumophila cultivability. Microb. Ecol., 66(3):
715-726.

Jia, X., Ren, H., Nie, X,, Li, Y., Li, J. and Qin, T. (2019)
Antibiotic resistance and azithromycin resistance
mechanism of Legionella pneumophila serogroup 1
in China. Antimicrob. Agents Chemother., 63(10):
e00768-19.

%k %k %k %k %k k k%

77



