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Preface

Hospital acquired, or nosocomial, infections are very closely monitored for their 
prevention and control by regulatory agencies such as the Centers for Disease 
Control and Prevention and the US Department of Health and Human Services, 
with an emphasis on patient safety and quality of care.  Currently, patient safety 
and quality of care have become key words.  Critically ill patients in intensive care 
units are at higher risk of multidrug-resistant (MDR) infection. Excessive use 
of antibiotics, along with a host of multiple co-morbid conditions, predisposes 
patients not only to MDR infection but also to several atypical infections especially 
in the immunocompromised host. 

Legionnaires’ disease is a severe form of pneumonia caused by the bacteria 
Legionella. More than 10,000 patients are hospitalized every year with Legionnaires’ 
disease in the United States alone. It is usually transmitted by inhaling the bacteria, 
commonly in the form of a mist. Those at risk are individuals with chronic lung 
conditions and the elderly and immunocompromised. The Legionnaire bacteria 
thrives in water.  Contaminated water system(s) can be the source of infection by 
inhaling the aerosolized particles or aspiration of the contaminated water.

Legionnaires’ disease is also an important public health topic as it involves envi-
ronmental and public issues as far as spread and prevention are concerned. With 
an aging population, increasing number of transplants, increasing use of immuno-
suppressive medications, and compromised immunity due to multiorgan system 
disease, Legionnaires’ disease is emerging as an important disease.

Moreover, extensive research and advances have been conducted in the areas of 
prevention, diagnostic modalities, and treatment. This book will try to address 
Legionnaires’ disease in the hospital setting, in addition to MDR infection.

Salim Surani, MD, MPH, MSc, FACP, FCCP, FAASM
Adj. Clinical Professor of Medicine,

Texas A&M University,  
Health Science Center,

College of Medicine,
Texas, USA
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Chapter 1

Introductory Chapter:  
Hospital-Acquired Infection  
and Legionnaires’ Disease
Salim Surani

1. Introduction

According to the Institute of Medicine, hospital-acquired infection and the 
adverse event in hospitals are responsible for 44,000–98,000 deaths and account 
for $17–29 billion in the healthcare cost in the USA alone [1, 2]. The care of the 
patient in the intensive care unit (ICU) is expensive and poses a significant eco-
nomic burden on the healthcare [3, 4]. In the early part of the twentieth century, 
the intensive care units were taking care of patients with respiratory failure related 
to polio. With the advancement of technology and medicine, patients with multiple 
comorbidities are now being admitted in the ICU. A study by the World Health 
Organization (WHO) found that 51% of the patients in the ICU have infections [5].  
The risk of infection among patients on a mechanical ventilation is 6- to 21-fold 
higher. Surprisingly, the risk of ICU-acquired infections among low- and middle-
income countries was found to be 2–3 times higher than the ICU-acquired  infections 
among ICU patients in developed countries [5, 6]. With the advent of invasive 
monitoring and therapeutic devices, the incidence and prevalence of the infec-
tion have increased, and we have seen a significant increase in antibiotic use and 
multidrug-resistant (MDR) infections [7]. Infectious conditions, sepsis, and septic 
shock continue to be responsible for significant morbidity and mortality [7].  
Increased MDR infection has now become a global threat. Two million cases 
and 23,000 deaths each year are attributable to MDR infection in the USA alone, 
according to the Centers for Disease Control and Prevention (CDC) [8, 9]. In 
addition, inappropriate use of the antibiotics not only leads to increase in MDR 
but costs the healthcare $27–42 billion annually [8–10]. The central line-associated 
bloodstream infection (CLABSI) and catheter-associated urinary tract infection 
(CAUTI) have also been associated with significant nosocomial infection [11]. With 
significant efforts from the regulatory agency as well as the healthcare organiza-
tion and providers, a significant decrease in CLABSI and CAUTI has been seen 
[1, 12]. Education and antibiotic stewardship programs have been recommended 
by the CDC in 2014. In 2017, a survey by the National Healthcare Safety Network 
found that the number of hospitals with antibiotic stewardship program (ASP) 
has increased to 76.4%. Still 25% of the hospitals do not have ASP. As of September 
2019, the ASP is required by the Centers for Medicare and Medicaid Services (CMS) 
as part of the patient care reimbursement. With this new regulatory requirement by 
the CMS, it is expected that the ASP in hospitals will reach close to 100% [13].

In this book, we will also be addressing Legionnaires’ disease in detail. 
Legionnaires’ disease is a bacterial infection caused by Gram-negative bacteria, 
usually found in freshwater [14]. It can lead to severe pneumonia which can be fatal 
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(Legionnaires’ disease), but milder and subclinical infection forms (Pontiac fever) 
do exist [14, 15]. This disease is much more common than we think. Approximately, 
10,000 patients are hospitalized every year with Legionnaires’ disease in the USA 
alone. Legionnaires’ disease also creates a public health concern. It is usually trans-
mitted by inhaling the mist or via the cooling and water system issues. There have 
been numerous Legionnaires’ disease outbreaks over the decades, and the number 
seems to be increasing [16]. In the 1970s there were five outbreaks, in the 1980s 
seven, in the 1990s four, and in the 2000s ten. From 2010 to 2018, there were 23 
outbreaks. In the year 2019 alone, there were seven outbreaks (shown in Table 1). 
These reported outbreaks represent just the tip of the iceberg, as not all of them are 
reported. Moreover, reports from the developing countries are almost nonexistent. 
The fatalities from Legionnaires’ disease range from 0 to 75% [16]. The longevity, 
multiple invasive devices, increase in transplants, immunocompromised status, 
aging population, and increase in travels all pose a significant risk of increased 
outbreaks and high fatality rates. Research and education need to be done in this 
area. In this book, we will try to address the epidemiology, clinical and therapeutic 
as it pertains to disease as well as clinical scenario and treatment of Legionnaires’ 
disease among immunocompromised host.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

Country City/state Source Cases Mortality Fatality rate

London, England [17] Westminster Via. water system 3 0 0

Belgium [18] Evergem Cooling towers 32 2 6.7%

USA [18] Ohio, New 
Jersey, Michigan

Unknown? Flint 
Michigan water 

crisis

32 6 18.75%

USA [18] Atlanta, Georgia 
(in Sheraton 

Hotel)

Water system 66 1 1.5%

USA [18] Fletcher, North 
Carolina

Hot tub display 141 4 2.83

Canada [18] Moncton, New 
Brunswick

Unknown 16 N/A —

USA [18] Batavia, Illinois 13 N/A —

Table 1. 
Selected Legionnaires’ disease outbreak in 2019.
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Chapter 2

A Clinical Overview of  
Hospital-Acquired Legionella 
Pneumonia: Prevention Is the Key?
Yamely Mendez, Gloria Rueda, Ismael Garcia 
and Johanan Luna

Abstract

Legionella pneumophila is a Gram-negative bacteria that cause community-
acquired pneumonia in very common circumstances. Although it is rare to develop 
hospital-acquired pneumonia due to Legionella pneumophila, there are cases where 
the infection appears during its presence in the hospital environment or because of 
the existence of Legionella outbreaks. It is important to mention that the coloniza-
tion of this organism is mostly found in some hospital water supplies. The preven-
tion of the spreading of this nosocomial pathogen is crucial for the hospital setting 
by identification of the bacteria. Using surveillance and control of infection, as well 
as maintaining beneficial isolation of those patients with the disease, could prevent 
the dissemination of this rare infection among hospitalized patients that are highly 
vulnerable. The treatment should be effective and according to the standard of care 
guidelines. The initiation of empiric antibiotic therapy is critical once the pathogen 
is suspected to be the etiology of pneumonia.

Keywords: legionella pneumonia, hospital, hospital-acquired, prevention, clinic, 
epidemiology, pneumonia, management

1. Introduction

Legionnaires’ disease is a severe type of pneumonia. It is typically acquired by 
inhalation of contaminated water containing the Legionella pneumophila gram-
negative bacteria. The severe pneumonia occurs most frequently in susceptible 
patients (i.e., former or current smokers, chronic diseased patients, immunosup-
pressed patients and those >50 years of age) [1]. The most commonly transmis-
sion of contaminated water is from showerheads, some medical equipment (i.e., 
respiratory devices), cooling towers, hot tubs, hydrotherapy equipment’s and/
or decorative water fountains [2]. Several countries have different recommended 
strategies for the prevention of Legionella pneumophila dissemination. They 
measure dangerous concentrations and they use water sampling frequency with 
activation of alerts of the L. pneumophila levels. These strategies always depend 
on local regulations and the geographic variations. Although, the regulations 
have some differences, all of them include three principles: (1) the supervision of 
critical spots (which are locations in a hot water installation where water stays, 
and makes the L. pneumophila in a suitable growth temperature range for some 
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time), (2) avoiding water stagnation in specific parts of the system and the preven-
tion of the proliferation and (3) requirement of a sufficiently high temperature 
to prevent the growth and spread of L. pneumophila. The European Working 
Group for Legionella Infections recommends that the total volume of the storage 
tank needs to be heated to 60°C for at least an hour a day, depending on the risk 
of spreading [3]. In the United Kingdom, the Department of Health recommends 
maintaining hot water temperatures at a temperature lever >55°C and cold water 
<20°C to prevent the proliferation of L. pneumophila in the water systems. Also, 
when cooper and silver ionization is introduced to a new building in conjunction 
with appropriately managed water, there is a better control in the dissemination of 
the bacteria [4]. It is important to mention that Legionella prevention should start 
with the correct design and construction of the water networks. During facilities 
renovations or a construction of a new one, the pipe runs should be as short as 
practical [5]. Usually, the evaluation of water systems for Legionella is until after 
the disease has been identified and confirmed. Thus, it is recommended a practical 
approach of periodic testing for Legionella, along with proper water treatment to 
avoid large-scale outbreaks [6]. In addition of water management in all health care 
facilities, it is crucial to have better methods for detecting Legionella in the water 
systems and in some of the clinical specimens to enhance the preventive strategies 
and the clinical diagnosis. In the United States, the CDC developed a toolkit to for 
all Medicare-certified healthcare facilities to assist in the water management in 
order to reduce the growth and transmission of the bacteria [7].

One of the preventive methods is to run cultures and other diagnostic methods 
to assess the rate of spreading of the gram-negative bacteria. According to a study 
made in Pittsburgh, Pennsylvania, water cultures are more significantly more 
sensitive than collected swab cultures in detecting Legionella pneumophila. This 
study was done due to an outbreak of nosocomial Legionnaires’ disease among 22 
veterans in the Veterans Affairs Pittsburgh Healthcare System [8]. The reality is 
that testing for atypical pathogens in patients is poorly standardized in a realistic 
scenario, especially in low-income countries where some guidelines are needed for 
the implementation of a suitable diagnosis. One of the major implications of this 
approach is the wide heterogeneity across continents and countries [9].

The risk management in hospitals of Legionella pneumophila seems to be under-
represented in the literature. A literature review done by Leiblein, et al., stated that 
further research in the field of risk management and prevention of Legionella in the 
water systems must be perform [10].

2. Epidemiology

All Legionnaires’ disease cases are reported to the Centers for Disease Control 
and Prevention (CDC). In 2015, a national surveillance data confirmed a total of 
2809 Legionnaires’ disease cases. Those cases were reported to the CDC from 21 
jurisdictions, including 85 definite (3%) and 21 (17%) possible health-care associ-
ated cases. This last high rate marks the importance of case prevention among 
health institutions and the implementation of effective water maintenance pro-
grams, as well as a proper case identification. The most frequent health-care facility 
associated with this disease was a long-term care facility, with 80% of the definite 
cases [11]. In the United States, the reported cases of Legionnaires’ disease have 
increased nearly 4.5 times since the year 2000. It could be related to the increased 
susceptibility of the population, the access to new diagnostic methods or a com-
bination of both [12]. One of the main causes of transmission is closely related to 
professions where there is nebulization with water, mainly among workers with 
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long term exposure. The outbreaks tend to be seasonally, especially in the hottest 
months of the year (May–August) [13].

Although, it is historically associated with healthcare institutions, it is impor-
tant to mention that some retirement homes are also at risk of dissemination of 
the disease. The healthcare-associated cases represent a proportion of cases in 
elderly patients (>60 years of age). Drinking contaminated water can contribute to 
outbreaks. De Filippis, et al., collected hot water and biofilm samples from shower-
heads of retirement homes. Then they were tested by culture method. It resulted in 
140 hot water and biofilm samples collected, with Legionella found in 36.8% of the 
samples. The results suggested that the colonization of these retirement homes is 
occasional, but further studies were suggested [14].

Although there are limited data available, the incidence reported is around 
10–15 cases detected per million population. From them, 75–80% are >50 years and 
60–70% are male with underlying chronic diseases [15].

Nevertheless, the prevention of Legionella still remains a critical issue, even in 
healthcare facilities where monochloramine disinfection has been introduced. It is 
documented that monochloramine has a better impact that free chlorine alone on 
Legionella control [16].

Although, this makes that continuous treatments with low monochloramine 
doses induced a viable but non-culturable state of Legionella. A study made by 
Casini, et al., obtained water and biofilm samples and isolated Legionella with the 
use of standard procedures. It emphasized the importance of keeping an appropri-
ate and uninterrupted monochloramine dosage to ensure the control of L. pneu-
mophila colonization in water supplies for hospitals [17].

Another chemical disinfection method used in water systems is the chlorine 
dioxide. It is reported that the duration of the effective protection of chlorine diox-
ide is reliable and could support the process in the framework of risk management 
activities in hospitals. This was documented by Vincenti, et al., where the duration 
of chlorine dioxide method in eradicating Legionella was analyzed in a large hospi-
tal in Rome. The observation was made from samples takes between 2011 and 2018. 
It concluded that Legionella was never detected at 4 years of follow-up [18].

3. Pathophysiology

Legionella pneumophila can be found in biofilm formations, as a single microbe 
in freshwater and manmade devices such as, shower heads, air conditioning sys-
tems, cooling towers and water fountains. This intracellular pathogen is the caus-
ative agent of a severe form of pneumonia known as legionnaires’ disease [19]. Once 
transmission to the human lung is established through inhaled infectious aerosols, 
L. pneumophila is engulfed by the macrophage where it replicates, causes inflam-
mation and consequently pneumonia [20]. Jäger et al., showed, through human 
lung tissue explants that Legionella pneumophila damage to lung is characterized by 
“destruction of its connective tissue, proteinaceous exudate and delamination of 
alveoli”, [21] thus the physical symptoms.

L. pneumophila obtains shelter from harsh environmental conditions by forming 
an advantageous relationship with unicellular protozoa. Besides shelter it provides 
nutrients for survival and infectivity. Once L. pneumophila utilizes all the protozoa’s 
nutrients, it exits the host as bacterium capable of thriving within monocytes and 
macrophages in case of inhalation through the infected particles. Once inhaled, the 
bacteria reach the alveoli, enter alveolar macrophage through coiling phagocytosis 
or normal phagocytosis, and cause legionnaires’ disease. Previous studies have 
shown that this is thanks to genes that encode for effector proteins with eukaryotic 
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characteristics that are injected through the legionella containing vacuole. This is 
known as molecular mimicry [19, 22]. Cazalet et al., found 30 genes of L. pneumophila 
that encoded for proteins with high resemblance to eukaryotic proteins and another 32 
genes involved in protein-protein interactions within eukaryotic domains [23].

3.1 Strategy

Legionella’s life cycle consists of two main phases. In order to survive against 
harsh environmental conditions, legionella enters a “reversible dormant state”, 
known as the viable but not culturable state (VBNCS) [24]. When environmental 
conditions improve, like in the case of phagocytosis by Acanthamoeba castellanii, 
the bacterium represses its virulent traits and goes into its exponential phase, in 
which it replicates within the protozoa [6]. This process of replication takes round 
15 hours to complete [25]. Once lack of nutrients and environmental stress strikes, 
L. pneumophila coordinates its differentiation to the mature intracellular form 
(MIF) and the stationary phase form (SPFs), both with virulent traits character-
ized by high motility and cytotoxicity and proceeds to lyse the cell and infect cells 
in proximity. Although studies are lacking on the mechanisms by which the host 
cell is lysed by the bacterium [24, 25]. SPFs present flagella, loose outer membrane, 
and a well-defined inner membrane, while MIFs typically appear as stubby rods 
with complex envelope, both being able to colonize alveolar macrophages [24]. 
Legionella accomplishes this physiologic and morphologic change by the coordina-
tion of LetA/LetS and sigma factors RpoS and FiA [26]. When there is low avail-
ability of amino acids, RelA, a ribosomal enzyme, synthetizes alarmone ppGpp 
(guanosine pentaphosphate) with subsequent activation of sigma factor RpoS and 
LetA/S. LetA/S work in conjugate to induce the expression of CsrB homologues 
which are RNAs that can sequester CsrA. CsrA expression represses the flagel-
lar sigma factor fliA, which translates into a non-motile pathogen, with reduced 
virulence [27]. Studies have shown that through legionella’s exponential phase, the 
bacterium increases its resistance against heat, and antibiotics [24].

3.2 Legionella and the host cell

The key mechanism for L. pneumophila inert ability to survive against the harsh 
intracellular environment is its secretory system. Legionella pneumophila uses a 
type IVB secretion system (T4BSS) encoded by the delayed in organ trafficking/
intracellular multiplication gene [28]. The T4BSS is involved in endocytic and 
secretory pathways as well as ubiquitination, host lipid metabolic exploit and cell 
death prevention by enabling the formation of the vacuole in which the bacterium 
resides for multiplication [29]. When a phagosome is formed, it matures, acidifies, 
and fuses with the lysosome. The phagolysosome can digest the contained organism 
through different bactericidal peptides, reactive oxygen species (ROS) and hydro-
lytic enzymes. Once the pH of the phagolysosome achieves certain acidity, these 
hydrolytic enzymes get activated leading to the destruction of the pathogen [28]. 
The acidification is accomplished by a proton pump ran by ATP hydrolysis called 
the vacuolar-ATPase (v-ATPase). This v-ATPase is made up by the trans-membrane 
domain V0, and the cytosolic V1 domain, which translocate H+ across the lipid 
bilayer and hydrolyzes ATP used for proton translocation respectively [30]. Prior 
research suggests that Legionella pneumophila secretes SidK, an effector protein that 
halts acidification of the phagolysosome by interaction with v-ATPase in early stages 
of infection. Zhao et al. showed that Binding of Sidk to the v-ATPase decreased its 
affinity, although only by 40% of v-ATPase activity, suggesting the presence of 
other effector proteins [30].
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A key element on the formation of the LCV is the ability to disrupt vesicle traf-
ficking between the ER and the Golgi apparatus. This interception of vesicle is what 
gives the LCV the ability to expand for replication and its ER-like properties [31].

Multiple studies show that L. pneumophila can accomplish this by targeting 
Rab1, a member of the Ras superfamily GTPases. Rab proteins are essential to the 
secretory pathway, and these proteins are localized in specific intracellular mem-
branes, mainly ER and Golgi [32]. Control over inactive GDP-bound and active 
GTP bound GTPases are controlled by Guanine nucleotide exchange factors (GEFs) 
and GTPase-activating proteins (GAPs). This is where the DrrA/Sidm effector pro-
tein plays its role. Due to its high affinity for GDP-bound Rab1, DrrA/Sidm acts as a 
GEF, exposing its master molecular switch allowing for the recruitment of vesicles 
[33]. Furthermore, previous studies have suggested that the N-terminal region of 
DrrA is involved in AMPylation reaction that is essential for the localization and 
maintaining of Rab1 in the LCV by avoiding Rab1 deactivation by GAFs [34]. These 
reactions are reversed through SiD and Lem3 effector proteins respectively. Further 
modification of Rab1 is accomplished by SidE, SdeA, SdeB, and SdeC effector 
proteins through a complex ubiquitination process.

L. pneumophila avoids host cell death to allow for replication by upregulation 
BCL-2 and blocking the activity of BNIP3 and BCL-Rambo. The only implicated 
factor in inhibition of BNIP3 and BCL-Rambo in past research studies had been 
only SidF. A recent study suggests that there is still unexplored territory pertain-
ing to avoidance of host cell apoptosis. Speir et al. showed with mutant strains of 
legionella lacking SidF, that there was not any significant increase in the rate of cell 
death, suggesting presence of other effector proteins [35].

Past studies have shown that the LCV exploits the hosts lipid metabolism to 
generate a vacuole with Golgi apparatus characteristics to facilitate the hijacking 
of vesicles trafficked between the ER and the Golgi apparatus. The LCV acquires a 
composition like that of the Golgi apparatus by enriching the LCV with PtdIns4p 
a phosphoinositide through the T4BSS and SidF, LepB, AR1f, LecE, LpdA effector 
proteins. SidF in conjunction with host 5-phosphatase OCRL1 reduces PtdINs(3,4)
P2 into PtdIns4P, while LpdA synthesizes phosphatic acid and LecE activates this 
phosphatidic acid to produce diacylglycerol, which lead to the recruitment of host 
Kinase D proteins with consequent recruitment of PI4IIIKB and production of 
PtdIns4P [35].

4. Diagnosis

4.1 Urine antigen “the rapid test”

Urinary antigen test can be used to detect Legionella. This method requires 
monoclonal antibodies that recognize lipopolysaccharide antigens from Legionella 
pneumophila serogroup 1 in a urine sample. Results can be available in the next 
few minutes, giving it an advantage for rapid diagnosis. Sensitivity ranges from 
69 to 100%, and specificity ranges from 99 to 100%. One main disadvantage from 
this test is that it overlooks the detection from other serogroups and species of 
Legionella. This can be related that about 8% of patients infected with Legionella 
fail to excrete urine antigens [36–38].

4.2 Microbiological culture “the gold standard”

Isolation by culture continues as the gold standard for Legionella disease. It is 
superior to identify all of the known species and serotypes of Legionella. Sensitivity 
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can get up to 81% and specificity range from 99%. A variety of samples from the 
lower respiratory tract can be used for culturing, the most commonly use is sputum. 
Although in these patients the disease is developed as an atypical infection, the 
majority of them produce little or no sputum at all. Other acceptable specimens 
used are fluid from bronchial aspiration, bronchial alveolar lavage, and pleural 
fluid. The less used are lung tissue taken from a biopsy. The most successful and 
selective isolation media used for Legionella is the buffered charcoal yeast extract 
agar, also known as BYCE agar. A positive growth is available within 3–5 days, 
although when it co-exists background flora, will require addition treatment to 
reduce it, this can delay result up to 2 weeks [39].

Environmental isolation can be also obtained by culture test but requires a vari-
ous preparation techniques to decrease the presence of environmental flora from 
samples, as well as different media. [37, 40]

4.3 Direct fluorescent antibody “the confirmatory technique”

The using of this test helps to confirm a suspected overgrowth of Legionella in 
a culture. After 3 days of incubation, a direct fluorescent antibody applies to the 
specimen staining the viability to growth. Sensitivity for L. pneumophila sero-
group-1 ranges up to 70% and specificity is 99%. Quick results can be possible to 
obtain, but requires expert techniques [41–43].

5. Treatment

For Legionella pneumophila, a high-level of suspicion and prompt initiation of 
adequate antimicrobial therapy is critical to improve clinical outcomes. Failure to 
administer proper antimicrobial therapies at an early stage of the infection has been 
associated with higher mortality rates [44]. The correct choice of antibiotic depends 
not only in its in vitro bactericidal or bacteriostatic activity, but also in its ability 
to penetrate the cell membrane of host tissue. This is because Legionella resides 
within host tissue cells. The preferred families of antibiotic are the fluoroquinolones 
(levofloxacin and moxifloxacin) and the macrolides (azithromycin) [45, 46].

The situations suggesting pneumonia by Legionella are: Gram stains of respira-
tory samples revealing many polymorphonuclear leukocytes with few or no organ-
isms, hyponatremia, pneumonia with prominent extrapulmonary manifestations 
(diarrhea, confusion, etc.), failure to respond to administration of beta-lactams, 
aminoglycoside antibiotics, or both and recent traveling [46–48]. When treating 
Legionella pneumophila, the first choice of antibiotics should be macrolides or qui-
nolones. Quinolones are more active than macrolides. Sometimes may be preferred 
in other patients whom drug interactions could be a problem. For example, in 
immunocompromised patients the potential for interaction with medications like 
cyclosporine or protease inhibitors is documented to be in a less with quinolones 
than with macrolides.

Azithromycin is the drug of choice for children with suspected or confirmed 
Legionella disease. Erythromycin is not often used now even though it is highly 
effective, but its use has been related with considerable side effects (i.e., gastro-
intestinal and ototoxicity), especially when used intravenously. Azithromycin 
has been shown to be the more active macrolide against Legionella pneumophila 
followed in order of activity by erythromycin, roxithromycin, dirithromycin, and 
clarithromycin [44, 47, 49]. Azithromycin is the safest macrolide. The advantage 
is due to its good intracellular penetration, bactericidal activity, proven clinical 
efficacy, short duration of treatment and good safety profile. Furthermore, the 



15

A Clinical Overview of Hospital-Acquired Legionella Pneumonia: Prevention Is the Key?
DOI: http://dx.doi.org/10.5772/intechopen.87980

15-membered lactone ring of Azithromycin does not interact with cytochrome P450 
(CYP) 3A4 isoenzymes (i.e., cyclosporine). Unlike the other types of macrolides, 
this reduces the potential for drug interactions. The initial course should be intrave-
nously administered. After a good clinical response is detected, it can be switched to 
the oral route. In patients with severe disease or unresponsive to monotherapy, the 
addition of rifampin is recommended [45, 50]. The recommended Azithromycin 
dose is 500 mg IV/PO q24h for 5 days. Alternatives are: Clarithromycin 500 mg IV/
PO q12h for 10 days and Erythromycin 1 g IV q6h or 500 mg PO q6h [47].

Quinolones have all been shown to inhibit the intracellular growth of  
L. pneumophila. The most potent inhibitors of intracellular multiplication, in 
order of decreasing activity, were levofloxacin, ciprofloxacin, and ofloxacin [45]. 
Levofloxacin stops multiplication of bacteria by preventing the reproduction and 
repair of their genetic material (DNA) and it appears to be associated with a more 
rapid resolution of symptoms, a shorter time to clinical stability and consequently 
shorter length of hospital stay then the macrolides. Levofloxacin, either 500 mg 
PO/IV qd for 10 days or 750 mg PO/IV qd for 5 days, can cure most of the patients 
and is becoming the antibiotic of choice for Legionella disease [45, 49, 51].

Other alternatives include Doxycycline 100 mg PO/IV q12-24h for 7–21 days or 
sulfamethoxazole/trimethoprim DS 800 mg/160 mg 1–2 tabs PO q12h or 20 mg/kg/
day IV q6-12h for 7–10 days [47, 49]. Rifampicin is very active against extracellular 
and intracellular Legionella spp. In the clinical setting, monotherapy is not recom-
mended. In case Rifampicin resistance emerges, it has been reserved for adjunctive 
therapy in severe cases of Legionella infection. Another limitation of Rifampicin is 
the potent induction of cytochrome P450 enzyme system and the potential for drug 
interactions [45].

The usual duration of therapy for most antibiotics is 5–10 days. This is often 
adequate to completely treat patients with Legionella infection. Although, a dura-
tion of therapy up to 3 weeks may be considered in immunocompromised patients 
or in patients with severe disease or with other pre-existing health conditions 
(chronic heart, lung, liver or renal disease, diabetes mellitus, alcoholism, malig-
nancies, and asplenia) [44]. Patients should be switched from intravenous to oral 
therapy when they are hemodynamically stable and present a clinical improvement 
and, also, if they are able to ingest medications and have a normally function-
ing gastrointestinal tract. Before discontinuation of therapy the patients should 
be afebrile for 48–72 hours and should be have at least one criteria for clinical 
stability (Temperature ≤ 37.80°C, heart rate ≤ 100 beats/minutes, respiratory 
rate ≤ 24 breaths/minutes, systolic blood pressure ≥ 90 mm Hg, arterial oxygen 
saturation ≥ 90% or pO2 ≥ 60 mm Hg on room air, normal mental status and ability 
to maintain oral intake). Patients should be discharged home as soon as they are 
clinically stable, and they have no other medical problem. Additionally it is impor-
tant to have a safe environment for continuity of care. The inpatient observation 
while receiving oral therapy is not required [44, 51, 52].

6. Prevention

Even though Legionella pneumophila is a very uncommon etiology of nosocomial 
infection, the CDC recommends a high degree of suspicion when there are cases of 
nosocomial pneumonia with unknown etiology [53]. The presence of warm water 
is suitable for the growth of the bacteria (20–45°C). It is known that Legionella 
colonizes hot water distribution systems in 12–70% of hospitals in some geo-
graphic areas. For example, a study made in Hungary showed that Legionella was 
found in 90% of some surveyed hospitals that were >30 years old [54]. Also, it is 
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documented that Legionella can survive at higher temperatures (>60°C) but keep-
ing a hot water at that range can cause third-degree burns in some patients (1 sec-
ond of exposure to hot water in children, and 5 seconds of exposure to hot water in 
adults). It is important that hospital regulations focus on maintaining proper water 
temperatures [55].

The frequent monitoring of hospital water system is mandatory when there is 
Legionella pneumonia documented in a patient hospitalized, or even when there 
is suspicion of Legionella. Water sample cultures are the most prevalent method 
for ascertaining colonization of water. The interpretation of Legionella testing can 
vary from geographical area, but some facilities can act and start the management 
of Legionella contamination when the culture results show a level of detection of 
1 CFU/mL [56].

A water management program is indispensable for Legionella prevention, and 
it should be implemented in every hospital since the incidence has been rising up 
in the United States. A survey developed in Minnesota in 2017, was applied in 137 
acute-care, critical care, and long-term hospitals. Only 84 surveys were returned 
and 3 were incomplete and excluded from the analyses. From them, 27% of the 
hospitals had a pertinent water management program. The 7% of those facilities 
measured pH at which cold and hot water were stored. The temperature range of 
the hot water storage was reported to be 42–62°C. All of the hospitals were supplied 
by community drinking water sources. Less than 5 used secondary disinfection 
systems (i.e., reverse osmosis, ultraviolet light, or chlorine). Also, only 21% of the 
responding facilities have reported to regularly test the water for the presence of 
Legionella [57]. They concluded that significant water management should be put 
into practice to protect patients from nosocomial Legionella [58].

In some other countries like Italy and Australia have developed programs for 
control and preventive measure for legionellosis. In Northern Italy, the water 
systems are routinely tested for Legionella. A questionnaire was applied to 739 hos-
pitals, and 178 were completed. It showed that 97% of the hospitals do routine tests 
for the presence of Legionella in water, and 62% detected a positive result. The most 
common control measure is disinfection of water systems, mostly with thermal 
shock and chlorine dioxide [59]. Also, the implementation of a water safety plan 
and disinfection with monochloramine prevented legionellosis in another hospital 
in Catania, Italy. The results after 3 years of application have proven to be highly 
effective in controlling the growth of Legionella and thus preventing nosocomial 
infections [60].

In Brisbane, Australia, they use genomic epidemiological methods to execute a 
rapid and effective water treatment to characterize and eradicate L. pneumophila. 
This was started to be used due to a background of two proven nosocomial cases of 
L. pneumonia. The trace of the whole genome sequence analysis was initiated from 
isolates of affected patients and a prospective isolated were collected from hospital 
water distribution systems. The aggressive intervention to resolve this included the 
closure of the hospital, scalding of the water system with 60°C for 10 minutes, and 
treatment with alkaline detergent and 10 mg/L free chlorine, as well as the instal-
lation of in-line chlorinator systems and intensive monitoring for the presence of 
LPSG1 in water specimens. The combinations of all these approaches proved to be a 
good support in the management of Legionella contamination [61].

7. Conclusions

Legionnaires’ disease is a potential preventable disease. The access to clean 
water should be essential for all the hospital environments, though, Legionella 
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pneumophila is quite atypical. The implementation of certain methods like avoiding 
critical spots and the prevention of water stagnation will help to decrease the risk 
of proliferation of the gram-negative bacteria, as well as its growth and spreading 
throughout the healthcare facilities. Most hospital water systems are complex and 
different one from another, and this is a reason for maintenance of an adequate 
temperature, such as >60°C water temperature is recommended. Though, the 
prevention of damage to patients (third-degree burns) should be taken in consid-
eration. This could be an alternative for prevention of the bacterial dissemination. 
The recalling in the pathophysiology of the bacteria will help us understand the 
natural history of the disease and thus comprehend our best choice for diagnosis 
and treatment. The diagnosis of patients with Legionella pneumophila is also quite 
important, and the microbiological culture should be used as a gold standard. The 
treatment needs to be initiated as soon as Legionella is suspected, and the patients 
should be placed in isolated rooms. Failure to starting the treatment will increase 
the risk of mortality among the patients. Further studies should be done to evaluate 
strategies of prevention of dissemination of the disease in all healthcare facilities, 
including the successful approaches that have been already performed in some other 
countries.
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Legionella Pneumonia Due to 
Non-Legionella pneumophila 
Serogroup 1
Akihiro Ito and Tadashi Ishida

Abstract

Legionella pneumophila is one of the important pathogens in community-
acquired (CAP) and hospital-acquired pneumonia that can cause severe pneu-
monia. Early diagnosis and treatment of Legionella pneumonia (LP) are essential 
because inappropriate therapy for Legionella pneumonia has been reported to 
worsen the prognosis. The most frequently identified causative pathogen of 
Legionella pneumonia is Legionella pneumophila serogroup 1. Legionella pneumonia 
due to non-Legionella pneumophila serogroup 1 is seen in 20% of cases. In diagnos-
ing Legionella pneumonia caused by non-Legionella pneumophila serogroup 1, the 
urinary antigen test is usually negative; therefore, we need to suspect Legionella 
pneumonia by clinical information such as symptoms, vital signs, laboratory find-
ings, and radiological findings. Based on our previous report, Legionella pneumonia 
due to non-Legionella pneumophila serogroup 1 was a mild to severe pneumonia. In 
addition, in about half of the patients, we could not suspect Legionella pneumonia 
using a six-point scoring system, which is one of the diagnostic scoring systems. 
Recently, a new urinary antigen test kit that could theoretically diagnose Legionella 
pneumonia due to non-Legionella pneumophila serogroup 1 was released in Japan. 
This can help in early diagnosis of Legionella pneumonia, including the one caused 
by non-Legionella pneumophila serogroup 1.

Keywords: diagnosis, Legionella pneumonia, Legionella pneumophila serogroup 1, 
non-Legionella pneumophila serogroup 1, urinary antigen

1. Introduction

Legionella pneumonia (LP) is caused by Legionella species that are important 
causative pathogens of community-acquired pneumonia (CAP) and hospital-
acquired pneumonia. There are 58 species and three subspecies in the Legionella 
genus [1]. Legionella species are small to filamentous, Gram-negative rods [2].

The most frequently identified causative microorganism of Legionella pneu-
monia is Legionella pneumophila serogroup 1, accounting for about 80% of cases 
[3, 4]. In CAP, the rate of LP is reported to be 0.6–8% [5–8], although the rate 
differs in different areas and countries. However, in severe CAP that satisfies 
the Infectious Diseases Society of America/American Thoracic Society severe 
pneumonia criteria [9], LP is one of the most important etiologies, because the 
rate of LP was reported to be 13.5% in 133 patients [10] and 14.1% in 71 patients 
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<60 years old [11]. In addition, inappropriate initial therapy for LP was shown to 
be one of the independent factors predicting a worse prognosis [12]. Therefore, 
early and appropriate diagnosis of LP is very important to improve the prognosis 
of LP patients.

The gold standard in the diagnosis of LP is the identification of Legionella 
species in respiratory specimens such as sputum and bronchoalveolar lavage 
fluid. However, some LP patients have no sputum for culture, a dedicated culture 
medium, such as Wadowsky-Yee-Okuda-α or Buffered Charcoal Yeast Extract-α 
medium is needed, therefore identification of Legionella species is sometimes dif-
ficult, costly and time-consuming.

Currently, a urinary antigen test that detects soluble antigens is widely used 
for diagnosing LP in daily clinical practice worldwide. This diagnostic method is 
very useful because the examination procedure is simple and the results are known 
quickly. In a systematic review and meta-analysis, Shimada et al. reported that the 
specificity of the Legionella urinary antigen test was 99.1% and sensitivity was 74%; 
therefore, LP cannot be ruled out if this test is negative. Specifically, the sensitivity 
of the urinary antigen test for diagnosing LP due to non-L. pneumophila serogroup 1 
is low [13]. Therefore, the Legionella urinary antigen test is not useful for diagnos-
ing LP caused by non-L. pneumophila serogroup 1.

The diagnostic key for LP due to non-L. pneumophila serogroup 1 is to suspect 
Legionella pneumonia based on clinical information such as patients’ symptoms, 
vital signs, laboratory findings, and radiological findings. Therefore, in this chapter, 
we describe the clinical characteristics of LP due to non-L. pneumophila serogroup 1 
referred to in previous reports.

2. Legionella pneumonia due to non-Legionella pneumophila serogroup 1

2.1 Previous reports

In earlier studies, LP due to non-L. pneumophila serogroup 1 could be a mild to 
moderate pneumonia [14, 15], not only a severe pneumonia admitted to intensive 
care unit [16–20]. Indeed, we reported a case of LP due to L. pneumophila sero-
group 9 in which initial treatment with single-dose oral azithromycin appeared 
useful, although oral levofloxacin was administered subsequently [15].

There have been many case reports of LP caused by non-L. pneumophila 
serogroup 1, but there have been few case series. Therefore, we investigated the 
clinical characteristics of LP due to non-L. pneumophila serogroup 1 and compared 
with LP due to L. pneumophila serogroup 1 [21]. There were 11 patients with LP 
due to non-L. pneumophila serogroup 1 between March 2001 and June 2016 in our 
hospital. Their age range was 58–82 years, and eight patients (72.7%) were male. 
The most common comorbidities were diabetes mellitus, chronic liver disease, and 
malignant disease in each of the two patients. The most common symptom was 
fever (72.7%), followed by cough (54.5%), and sputum (54.5%). The distribution 
of bacterial strains was L. pneumophila serogroup 3 in six patients, L. pneumophila 
serogroup 9 in three patients, L. pneumophila serogroup 6 in one patient, and L. 
longbeachae in one patient. As to the severity of pneumonia, about half of the cases 
(5/11) were mild to moderate according to the pneumonia severity index (PSI) [22], 
whereas most cases (10/11) were mild to moderate based on CURB-65 [23]. Five 
patients whose PSI class was less than IV are all improved with oral azithromycin or 
oral levofloxacin. In contrast, four patients were admitted to the intensive care unit, 
and all four patients were administered appropriate empiric antimicrobial agents, 
but three patients died.
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2.2 Diagnostic scoring system

We cannot rule out LP by a negative result of the urinary antigen test because 
the sensitivity of this test is not very good. To diagnose LP with a negative urinary 
antigen test, we need to suspect it based on the symptoms, vital signs, laboratory 
examinations, and radiological findings.

In 1998, Cunha advocated a diagnostic scoring system for LP called the 
“Winthrop-University Hospital (WUH) criteria” [24]. The WUH criteria comprised 
15 clinical findings and seven laboratory findings, and it was therefore thought to be 
too complicated to use in the daily clinical practice.

In 2009, Fiumefreddo proposed a six-point scoring system for predicting LP 
[25], and this scoring system was validated by Haubitz [26]. This scoring system 
comprised one symptom, one vital sign, and four laboratory findings. The criteria 
for the six items are listed in Table 1. A score ≥5 had very high specificity (99.0%) 
and a high positive predictive value (17.4%), whereas a score <2 had high sensitivity 
(94.4%) and a high negative predictive value (99.6%). In our previous reports [21], 
using a cutoff value of ≥2 points, the sensitivity of this scoring system was 54.5% 
for non-L. pneumophila serogroup 1 patients and 95.7% for L. pneumophila sero-
group 1 patients. Therefore, we could not rule out LP due to non-L. pneumophila 
serogroup 1 using this six-point scoring system. In Figure 1, the patient number 

Temperature >39.4°C

C-reactive protein >187 mg/L

Lactate dehydrogenase >225 mmol/L

Platelets <171 × 109/L

Serum sodium <133 mmol/L

Unproductive cough

Table 1. 
Criteria for each item in the six-point scoring system.

Figure 1. 
Total scores of the six-point scoring system in Legionella pneumonia due to non-L. pneumophila serogroup 1 
and L. pneumophila serogroup 1.
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and total scores of the six-point scoring system in LP due to non-L. pneumophila 
serogroup 1 and L. pneumophila serogroup 1 are shown [21].

3. Future perspective

Patients with LP have a worse prognosis if they are not treated with appropriate 
antibiotic therapy as soon as possible. Some patients with LP due to L. pneumophila 
serogroup 1 have a negative urinary antigen test, and patients with LP due to 
non-L. pneumophila serogroup 1 are usually negative on this test. Therefore, it is 
important to suspect LP based on the clinical findings. However, as shown in our 
previous report, there are some LP patients in whom we cannot suspect LP based 
on the clinical findings specific to LP due to non-L. pneumophila serogroup 1. Thus, 
a simple method and a rapid test kit for diagnosing LP due to non-L. pneumophila 
serogroup 1 are needed.

In February 2019, Asahi Kasei Pharma Corporation released a urinary antigen 
test kit that could diagnose LP due to non-L. pneumophila serogroup 1, not only due 
to L. pneumophila serogroup 1. This kit uses an immunochromatographic method 
that has a monoclonal antibody recognizing a ribosomal protein L7/L12 unique 
region of L. pneumophila serogroups 1–15.

In the future, we expect that early diagnosis of LP including non-L. pneumophila 
serogroup 1 will be possible using this test kit.

4. Conclusion

LP due to non-L. pneumophila serogroup 1 can be a mild to severe pneumonia. 
To diagnose LP, there are some patients with LP caused by non-L. pneumophila 
serogroup 1 that could not be suspected to have LP based on their clinical findings, 
although diagnostic scoring systems have been reported to be useful for predicting 
LP. We need to investigate the usefulness of the new urinary antigen test kit that 
could theoretically diagnose these patients.
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Abstract

Legionnaires’ disease is an important cause of community-acquired pneumonia 
as well as hospital-acquired pneumonia. Legionella pneumophila is an important but 
uncommon respiratory pathogen with significant morbidity and mortality. Initially 
recognized as a fatal cause of pneumonia in the 1970s. Untreated Legionnaires’ 
disease conveys high mortality, therefore a prompt treatment with appropriate anti-
biotics is of extreme importance. Currently, therapeutic options include macrolides 
and fluoroquinolones mainly, that have an effective therapeutic profile. Potential 
issues of bacterial resistance have risen, but overall, this is not a significant limita-
tion of therapy. In addition, attempts to identify other cases related to the case will 
help find potential sources.

Keywords: Legionella pneumonia, Legionella pneumophila, Legionnaires’ disease, 
Legionellosis, antimicrobial therapy

1. Introduction

Legionella pneumophila is responsible for 90% of Legionnaires’ disease (LD) 
[1–3]. Legionella pneumonia, or LD has an increasing incidence, its mortality has 
progressively improved from 34% in 1980, to 12% in 1998, to 3.1% in 2010, however 
20–25% of patients require mechanical ventilation with a mortality rate as high 
as 25% [4]. It is believed that the evolution of antibiotic therapy has improved 
outcomes [4]. Legionella pneumonia may have an atypical presentation that will 
contribute to its underdiagnosing and under-reporting [5], majority of reported 
cases are due to Legionella pneumophila serotype-1 (80%), that may reflect the 
relatively wide availability of commercial kits to test for this specific serotype [5]. 
Legionella is an ubiquitous environmental intracellular Gram-negative bacteria, 
therefore antibiotics capable of penetrating phagocytic cells should be selected, 
then macrolides and quinolones have become the recommended therapies [6–8]. 
Risk factors associated with higher mortality rates are older age, smoking, chronic 
cardiopulmonary disease, diabetes, alcohol abuse, cancer and immunosuppression 
[9]. Appropriate antibiotic selection will drop mortality significantly, from 60–70% 
to 10–20% [2, 7, 10, 11].

2. Treatment

For years, macrolides, specifically erythromycin, has been the mainstay of 
therapy until the 1990s [4, 12], however with the emergence of newer macrolides 
and quinolones, the therapeutic selection has shifted, and now Azithromycin or 
Levofloxacin are considered the mainstay of LD treatment [12]. Beta-lactam and 
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aminoglycoside antibiotics are ineffective in the treatment of LD, then empiric 
therapy based on either macrolides or quinolones for initial moderate to severe 
pneumonia will be a reasonable approach [12–14].

Effective antibiotic therapy depends on the ability to concentrate in alveolar 
macrophages, and for these concentrations to be effective, it will need to range from 
10 to 30 times greater than serum concentrations [15] Fluoroquinolones are antimi-
crobials with concentration-dependent bactericidal activity [16].

In cases of severe LD, combination therapy has been advocated without evidence 
of superiority [12]. The incidence of LD as cause of severe pneumonia requir-
ing ICU admission has been reported as high as second most common behind 
Streptococcus pneumonia (17.8 versus 21.6%, respectively) [2, 13].

In a retrospective review of 3157 adult cases, from more than 400 U.S. 
 hospitals between 2008 and 2013, it was noted that quinolones alone were used 
in 28.8%, whereas azithromycin alone was used in 34% of patients, only 1.8% 
of patients received combination therapy (see Figure 1). Hence, the majority of 
patients with LD in the US are treated with azithromycin and/or quinolone [4]. 
No prospective randomized trial has compared outcomes of levofloxacin versus 
azithromycin [14].

2.1 Empiric therapy

The choice of empiric antibiotic therapy is based on the premise of providing 
optimal therapy, the epidemiological features of the probable agents, and an infer-
ence of the most likely pathogen [17].

The empirical coverage for Legionnaires’ disease is still a matter of debate, in 
view of low testing frequency that underscores poor emphasis on Legionella role 
in pneumonia [18]. The incidence of LD is higher in cases of severe pneumonia, 
hence patients admitted to an ICU setting should be tested and treated as potential 
Legionella pneumonia [17]. Historically empirical optimal monotherapy treatment 
has been based on doxycycline, a quinolone or azithromycin [19].

Figure 1. 
In-hospital treatment strategies for patients with Legionnaires’ disease. Adapted from Ref. [4].
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Respiratory fluoroquinolones are an effective empiric treatment for bacterial 
community-acquired pneumonia, used as monotherapy in the outpatient setting, 
and hospitalized patients, as a first-line or alternative agents; in addition to be used 
as combination therapy in the ICU setting [20]. Azithromycin has a comparable 
antibiotic profile to fluoroquinolones, in addition has a favorable safety profile, 
higher intracellular concentrations and longer post antibiotic effect [21].

In a prospective observational study of 3934 hospitalized patients by Viasus 
et al., performed in Spain at a tertiary teaching hospital between 1995 and 2010, 
214 (5.4%) patients were diagnosed with LD, and 24 patients (11.2% of the LD 
patients) received inappropriate empirical antibiotic therapy; among the other 
190 patients, 111 received levofloxacin, 74 patients received macrolides, and three 
combination of quinolones and macrolides, 1 doxycycline and 1 clindamycin [22] 
(Table 1).

2.2 Targeted therapy

Early, targeted therapy that covers LD has shown to improve overall outcomes [19].
The most frequently identified of LD is Legionella pneumophila serogroup 1 in 

80% of cases [23]. New diagnostic test had been added to the testing armamen-
tarium (urinary antigen and polymerase chain reaction). Empirical therapy should 
be replaced by targeted therapy as soon as Legionella has been identified [17].

Garcia-Vidal et al. reported an observational cohort in Spain of all patients 
admitted with community acquired pneumonia from 2000 to 2014, 446 patients 
were diagnosed with LD; 335 patients (75.1%) received appropriate initial therapy 
with either quinolones, macrolides, combination with rifampin, or combination 
macrolide and quinolones. Primary outcome was overall 30-day in-hospital mor-
tality. Thirty-six patients were excluded, 175 patients received levofloxacin, 177 
patients received azithromycin and 58 patients received clarithromycin, without 
statistical significant difference for in-hospital 30-day mortality between the 
cohorts [24].

Once LD has been diagnosed, some experts suggest combined therapy instead 
of monotherapy for severe pneumonia, although there is no solid evidence sup-
port it [13]. In a retrospective observational multicenter Spanish series of 779 ICU 
patients admitted to the ICU with severe pneumonia, 25 patients (3.2%) were found 
to have LD, and prescription of monotherapy versus combination therapy was not 

Mild disease ambulatory 
setting

Moderately severe disease Severe disease intensive care unit 
setting

Doxycycline 100 mg orally 
q12h × 14d

Doxycycline 200 mg IV 
q12h × 72h, then 100 mg IV 
q12h × 11d

Doxycycline 200 mg IV q12h × 14d

Levofloxacin 500 mg orally 
q24h × 14d

Moxifloxacin 400 mg IV 
q24h × 14d

Levofloxacin 500 mg IV q24h × 14d

Moxifloxacin 400 mg orally 
q24h × 14d

Tigecycline 200 mg 
IV x 1dose, then 100 mg IV 
q24h × 14d

Moxifloxacin 400 mg IV q24h × 14d

Azithromycin 500 mg 
orally × 1dose, then 250 mg 
orally q24h × 10d

TMP-SMX 5 mg/kg IV q6h × 14d or 
Rifampin 300 mg orally q12h × 14d, 
maybe used as a second drug

Adapted from Ref. [15].

Table 1. 
Empiric therapy for Legionnaires’ disease.
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protocolized, with ICU mortality as primary endpoint; it was found that there was 
no statistical significant difference of overall ICU mortality among both treatment 
groups; however if the severe pneumonia was associated to shock the difference 
became statistically significant [13].

2.3 Antibiotic selection and duration

There may be a role for a specific antibiotic choice based on severity of illness: 
need for intensive care unit (ICU) admission, need for invasive mechanical ven-
tilation [4]. Dose and route of antibiotic delivery will be dictated by the severity, 
level of consciousness, and gastrointestinal function integrity [12]. Most of the 
antibiotics are available in oral presentations with excellent bioavailability (>90%), 
therefore transition among IV to oral regimens is seamless [19].

Despite absence of evidence, initial levofloxacin dose is recommended at 750 mg 
daily, and azithromycin 500 mg daily [14].

Levofloxacin use was associated with a shorter length of stay in the hospital, 
and shorter time to reach clinical stability [22]; moreover a small retrospective 
series showed no inferiority of ciprofloxacin to erythromycin in Japan [25]. In a 
retrospective single-center study at University of Michigan from 1999 to 2011, 
41 patients with LD were analyzed after been treated with azithromycin versus 
fluoroquinolones, comparing clinical outcomes: all-cause mortality, length of stay 
in the hospital, time to clinical stability and development of complications, showing 
no significant differences among the two therapies [19, 21] (Table 2).

Duration of therapy is important to provide cure and prevent relapse [19]. 
The Infectious Diseases Society of America/American Thoracic Society (IDSA/
ATS) recommend that patients with LD to be treated for 5–14 days, shorter courses 
maybe appropriate if Azithromycin is the antibiotic of choice. Treatment should not 
be stopped until patients are afebrile for 48–72 hours [22].

Therapy Normal adult dose Comments

Macrolides Azithromycin 500 mg IV q24h or clarithromycin 
500 mg IV q12h

Preferred regimen 
in most settings, or a 
fluoroquinolone

Fluoroquinolones Levofloxacin 500 mg IV q24h or moxifloxacin 
400 mg IV q24h

Generally well tolerated and 
effective

Rifampin 300–600 mg IV q12h Multiple drug interactions, 
including warfarin, opiates, 
cyclosporine, antiretroviral 
protease inhibitors; 
used with a macrolide or 
quinolone

Doxycycline 200 mg IV × 1dose, then 100 mg IV q12h Limited clinical experience 
shows activity

Combinations Levofloxacin 500 mg IV q24h or another 
fluoroquinolone + azithromycin 500 mg IV 
q24h; consider adding rifampin to monotherapy

No clear evidence of 
efficacy of combination 
therapy compared with 
monotherapy; often used 
in severe extensive disease 
in high-risk patients falling 
monotherapy

Adapted from Ref. [19].

Table 2. 
Therapeutic options for severe Legionnaires’ disease.
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Immunocompromised patients have a higher incidence of LD; cavitation, 
empyema, extrapulmonary disease may occur; and urinary antigen is less sensi-
tive. In this population an antibiotic combination, and longer course maybe 
indicated (21 days) [3], and despite this this population has a higher mortality rate 
than matched groups [26]. An extended course up to 21 days is recommended for 
immunocompromised patients, severe disease, extrapulmonary manifestations, 
and inappropriate initial therapy [14].

Combination therapy has included different regimens: rifampin-clarithromycin; 
clarithromycin-ciprofloxacin-rifampin, and clarithromycin-levofloxacin-rifampin [13].

Older macrolides will interact with drugs like tacrolimus and ciclosporin 
through the cytochrome P-450 enzyme system, then quinolones, doxycycline or 
azithromycin maybe used in transplanted hosts [14].

2.4 Therapy outcome

Early initiation of appropriate antibiotics, improves outcomes, therapy with 
quinolones within 8 hours of ICU admission reduces mortality [5, 19].

In the Viasus’ Spanish series, 41 (19.1%) patients with LD developed severe dis-
ease (ICU admission or death), independent factors were identified in this group: 
current/former smoker, macrolide use, initial inappropriate antibiotic therapy 
and high risk pneumonia severity index (PSI) class. The overall cure rate is 95% at 
10–14 days after therapy [22] (Table 3).

In a Portuguese observational series, it was noted that patient with severe LD 
complicated by refractory respiratory failure were able to be supported by extra 
corporeal membrane oxygenation (ECMO) with high survival rates (86%); those 
patients had a faster clinical deterioration with very early ECMO initiation [27]. In 
a retrospective case review from University of Michigan between 1994 and 2006, 
survival rates were also noted to be high (67%) [28].

Antibiotic resistance is always a concern, it was noted that acquired resistance to 
macrolides, fluoroquinolones or rifampin could be easily selected in vitro; however 
in clinical practice, antibiotic susceptibility testing is not commonly performed 
[29], due to the fact that Legionella pneumophila serogroup 1 strains did not show 
any in vitro resistance towards eight antibiotics tested by Vandewalle-Capo et al. 

Therapy and outcome L. pneumophila 
pneumonia (n = 214)

S. pneumonia 
pneumonia (n = 1346)

P

Inappropriate antibiotic therapy 24 (11.2) 8 (0.6) <0.001

In-hospital complications 74 (34.6) 460 (34.3) 0.92

ICU admission 38 (17.8) 151 (11.2) 0.007

Need for mechanical ventilation 26 (12.4) 122 (9.2) 0.14

Time to clinical stability, median 
(IQR), d

3.5 (2–5) 4 (2–6) 0.85

Length of hospital stay, median 
(IQR), d

9 (6–13) 8 (6–12) 0.14

Length of intravenous therapy, 
median (IQR), d

4 (2–6) 5 (3–7) <0.001

In-hospital case-fatality rate 13 (6.1) 103 (7.8) 0.38

Adapted from Ref. [22].

Table 3. 
Therapy and outcomes of patients with L. pneumophila and S. pneumoniae pneumonia.
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(ciprofloxacin, moxifloxacin, levofloxacin, azithromycin, erythromycin, clarithro-
mycin, rifampin and doxycycline) [1].

In a systematic review and meta-analysis comparing quinolones versus macro-
lides effectiveness against LD, non-significant difference was found, however all 
studied outcomes favored quinolones, like mortality, clinical cure, time to fever 
resolution, length of stay in the hospital. Twelve studies were included in the analy-
sis, and the absence of significance maybe related to lack of statistical power [30].

3. Conclusion

Legionnaires’ disease is a relative frequent cause of pneumonia syndromes, and 
it is associated to high morbidity and mortality [22], therefore a delay in starting 
appropriate therapy has been associated with increased mortality [17]. Consistent 
with current guidelines, antibiotic therapy should be based on either azithromycin 
or a quinolone to treat for Legionella pneumonia. Optimum therapy is not properly 
supported by clinical evidence, however in view of rare potential bacterial resis-
tance to macrolides and quinolones, these antibiotic groups remain as mainstay of 
LD therapy.
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Abstract

Manifestations of Legionella infections range from benign, mild disease to a 
more severe form with increased morbidity and mortality, especially in untreated 
patients. Despite diagnostic advances, clinical diagnosis remains elusive. Macrolides 
and respiratory fluoroquinolones remain the antibiotics of choice for treatment of 
Legionella; however, several new antibiotics are currently under development or 
in clinical trials. The recommended duration of antibiotics is 5–7 days; although, 
some critically ill or immunosuppressed patients may require longer treatment. In 
vivo resistance to these antibiotics is rare, and there is no evidence that combination 
therapy is more beneficial than monotherapy. Early suspicion, diagnosis, and treat-
ment are paramount for improving outcomes.

Keywords: Legionella, treatment, pneumonia, outcomes, antibiotics

1. Introduction

Initial recognition of Legionnaires’ disease dates back to 1976 during an out-
break of respiratory illness in Philadelphia, PA at an American Legion convention 
[1]. The Legionellaceae family is extensive and contains more than 40 species, but 
less than half produce disease in humans, with Legionella pneumophila being the 
most common [2]. Legionella infections usually manifest in two forms. The most 
benign presentation is Pontiac fever, which typically presents as an acute, febrile, 
upper respiratory tract infection (non-pneumonic) that is often unrecognized and 
resolves spontaneously [3]. The most severe presentation is Legionnaires’ disease, 
caused by Legionella pneumophila. It is an atypical pneumonia, generally affect-
ing the lungs and gastrointestinal tract [4]. The disease affects people of all ages 
and causes significant morbidity and mortality, especially in patients with certain 
comorbid conditions. An estimated 10,000–18,000 people worldwide are infected 
with Legionella each year [5].

In a recent review, most Legionella pneumonia cases were reported in the 
Northern hemisphere. Common workplaces associated with this infection were 
industrial settings, office buildings, and healthcare facilities [6]. Legionella pneu-
monia was associated with mortality in 4.1% of all cases.

The clinical and radiological manifestations of Legionella are nonspecific. As 
a result, if suspected, empiric antibiotics treatment is recommended to improve 
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morbidity and mortality associated with the disease [7, 8]. The goal of this review 
is to provide a concise discussion regarding indications for treatment of Legionella, 
update the information about antibiotic management, and discuss outcomes of the 
disease.

2. Pathogenesis

Legionella are aerobic, Gram-negative, facultative, intracellular bacilli found 
widely in the environment; they have been isolated from many water sources and 
often colonize manufactured water systems. Humans are infected by exposure to 
water contaminated with Legionella. Person-to-person transmission has been dem-
onstrated in only one case thus far and is not considered to be a primary means of 
transmission. Thus, the human body may be considered a “dead-end” for Legionella. 
Legionella can cause sporadic and potentially life-threatening infections in immuno-
compromised individuals, especially the young and elderly.

Infection begins when humans inhale Legionella, which travels to the lower 
respiratory tract where the organism binds to alveolar macrophages and engulfed 
into the phagosomal vacuoles (also known as phagosomes). Legionella then 
blocks fusion of the phagosome with lysosomes, preventing the release of lyso-
somal enzymes that destroy bacterial cells. Consequently, the bacteria can freely 
divide in the phagosome. Eventually, the cell ruptures, releasing bacteria that 
can infect other cells, resulting in inflammation and sepsis. Given the lifecycle 
of Legionella, an effective antibiotic requires both anti-Legionella activity and a 
high intracellular minimum inhibitory concentration in alveolar macrophages 
[9]. Antibiotics that have demonstrated clinical effectiveness in Legionnaires’ 
disease include macrolides, fluoroquinolones, tetracyclines, trimethoprim-
sulfamethoxazole (TMP-SMX), and rifampin [9]. We describe the details of each 
of these antibiotics below.

3. Treatment

3.1 Macrolides

Bacterial ribosomes have two subunits (30S and 50S) that function in protein 
synthesis. In contrast, the ribosomes in animal cells have 40S and 60S subunits, and 
this difference ensures that different classes of antibiotics are active against bacteria 
and not human cells. Macrolides are bacteriostatic agents that bind reversibly to the 
50S ribosomal subunit and inhibit protein synthesis [10]. They are active against 
a wide range of bacteria, including intracellular pathogens such as Legionella. 
Macrolides, especially azithromycin, reach peak concentration in 2–3 hours and are 
rapidly absorbed and distributed throughout body tissues and with good cell dis-
tribution [10]. In the past, macrolides, especially erythromycin, have been the drug 
of choice for treatment of Legionnaires’ disease. A newer derivative, azithromycin, 
recently surpassed erythromycin, because azithromycin has fewer side effects 
and fewer interactions with other drugs than erythromycin or its counterpart, 
clarithromycin.

Despite macrolides’ effectiveness, bacteria have developed multiple resistance 
mechanisms to these drugs. One mechanism is an active efflux pump to pump the 
drug out of the cell. Another resistance mechanism involves changing the ribo-
somal subunit, either by inducing genes to produce a methylase enzyme (ermA, 
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ermB, and ermC) that modifies the ribosome target or by causing chromosomal 
mutation of the 50S ribosomal subunit. Changes in the ribosomal subunit struc-
ture decrease drug binding to the ribosome and result in decreased efficacy of the 
drug [10].

Common side effects of macrolides include gastrointestinal disturbances like 
dyspepsia, anorexia, flatulence, and arthralgias, and disturbance in taste and smell. 
Rarely, hepatitis, hepatic failure, thrombocytopenia, interstitial nephritis, photo-
sensitivity, and renal failure are observed [10]. A prolonged QTc is more common 
with older macrolides, such as erythromycin and clarithromycin. Azithromycin, 
even is taken with antacids, appears to be free of drug interactions.” Caution is 
advised, nevertheless, when using azithromycin in conjunction with drugs known 
to interact with erythromycin [10].

3.2 Fluoroquinolones

Along with macrolides, fluoroquinolones (levofloxacin, moxifloxacin, and 
ciprofloxacin) have increasingly become a drug of choice against Legionella. These 
drugs have broad-spectrum activity against Gram-positive and Gram-negative 
organisms, such as Legionella [11]. Fluoroquinolones inhibit DNA gyrase subunit 
A, a bacterial enzyme that relieves the tension produced when DNA unwinds 
during replication. Binding to DNA gyrase inhibits the transcription of bacterial 
DNA, resulting in bacterial cell death. Levofloxacin has an advantage in treating 
pneumonia, as this drug has two to five times higher concentrations in lung tissue 
than in serum. Bioavailability for levofloxacin is 99% for oral and intravenous (IV) 
medications [11]. Fluoroquinolones exhibit concentration-dependent antimicrobial 
activity [12].

Bacterial resistance to quinolones mostly occurs by chromosomal mutations to 
the DNA gyrase gene, resulting in reduced affinity of the drug to the enzyme. Also, 
similar to macrolides, alterations in drug efflux or cell membrane porin channels 
can occur, decreasing the intracellular concentration of drug [11].

Side effects of fluoroquinolones include benign rash, headaches, nausea, vomit-
ing, diarrhea, prolonged QTc, and arrhythmia. Tendonitis and tendon rupture have 
been reported in young and elderly patients. Fluoroquinolones can also cause liver 
dysfunction. Many over-the-counter (e.g., iron, calcium, zinc, and non-steroidal 
anti-inflammatory drugs) and prescription medications (e.g., warfarin) can inter-
act with levofloxacin [13].

3.3 Tetracyclines

Tetracyclines are a class of antibiotics that include doxycycline, minocycline, 
tetracycline, and tigecycline. These drugs are reversible competitive inhibitors and 
inhibit protein synthesis at the level of the ribosome via inhibition of the codon-
anticodon interaction between tRNA and mRNA. These antibiotics block binding 
of tRNA to the 30S ribosomal subunit, thus preventing the addition of new amino 
acids for protein building. Because this process is reversible, these drugs are bacte-
riostatic [14].

Resistance to tetracyclines is acquired via bacterial conjugation, where plasmids 
or transposons containing resistance genes are transferred to the previously sensi-
tive bacteria. The resistance genes produce modified bacterial porins, preventing 
uptake of the tetracyclines into the bacterial cell. Other mechanisms of resistance 
include increased drug efflux, decreased ribosomal binding, and enzymatic inacti-
vation [14].
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Tetracyclines can cause many adverse effects, including several that are life-
threatening. Tetracyclines concentrate in growing teeth and bones and thus should 
be avoided by children and pregnant patients [14]. Additionally, tetracyclines 
can cause nephrotoxicity and hepatotoxicity due to fatty degeneration. Pregnant 
women are at increased risk of hepatotoxicity, and tetracyclines can potentiate the 
nephrotoxic effects of aminoglycosides and other nephrotoxic drugs. Furthermore, 
tetracyclines can induce photosensitivity in persons exposed to the sun during 
treatment [14].

3.4 Trimethoprim-sulfamethoxazole

TMP-SMX is one of the most widely used antibiotics in the world. 
Sulfonamides such as SMX are competitive inhibitors of para-aminobenzoic 
acid, and TMP inhibits dihydrofolate reductase to block the formation of tetra-
hydrofolate, a key cofactor in the construction of purine, thymidine, DNA, and 
amino acids [15]. Bacterial dihydrofolate reductase is inhibited 50–60,000 times 
more than mammalian enzymes; thus, this antibiotic has minimal effect on 
human cells [15]. Both sulfonamides and TMP act synergistically and have 
maximal activity when the concentration of SMX is 20 times greater than that 
of TMP.

Although well tolerated, TMP-SMX can cause many gastrointestinal side effects, 
including nausea, vomiting, and anorexia as well as rash. Sulfonamides can cause 
skin rashes, including hypersensitivity reactions that can progress from a mild 
reaction to erythema multiforme as Stevens-Johnson syndrome. Rarely, TMP-SMX 
can cause aplastic anemia, agranulocytosis, and fulminant hepatic necrosis [15]. 
Sulfonamides can cause hemolytic anemia in patients with glucose-6-phosphate 
dehydrogenase deficiency.

3.5 Rifampin

Rifampin is also effective against Legionella, as this drug inhibits bacterial and 
mycobacterial RNA synthesis by binding to the beta subunit of DNA-dependent RNA 
polymerase to prevent RNA transcription [16]. Rifampin is absorbed readily and 
has good penetration into the lungs and pleural fluid. Depending on concentrations 
reached in the infected cell and the susceptibility of the organism, rifampin can exert 
either bactericidal or bacteriostatic effects [16]. Most bacteria develop resistance to 
rifampin as the result of a gene mutation in the beta subunit of DNA-dependent RNA 
polymerase. Rifampin therapy is recommended only for patients with severe disease 
or significant comorbid conditions (e.g., poorly controlled diabetes, tobacco use, or 
obstructive lung disease) including immunocompromised hosts and those refractory 
to conventional monotherapy regimens. Significant adverse drug events and drug-
drug interactions should be considered with the use of rifampin.

Rifampin should not be used as monotherapy but rather can provide a signifi-
cant synergistic effect when used in combination with other antibiotics such as 
macrolides or quinolones [17].

Oral and IV dosing is equivalent. Rifampin induces many hepatic CYP450 
isoenzymes and can enhance the metabolism of endogenous substrates, including 
adrenal hormones, thyroid hormones, and vitamin D. Other side effects include 
maculopapular rash, fever, nausea, and vomiting. Furthermore, this antibiotic 
can cause Clostridium difficile colitis, hepatitis, and liver toxicity and can result 
in yellow, red, or orange discoloration of bodily fluids. Soft contact lenses may be 
permanently stained. Rifampin can also cause postnatal hemorrhages in the mother 
and infant [16] (Table 1).
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3.6 Drug dosing and duration

A summary of the most common antibiotics used with doses and duration can 
be seen below in Table 1.

3.7 Macrolides compared with fluoroquinolones

Previous studies have shown that patients treated with older macrolides have 
a higher recurrence of disease after antibiotics are withdrawn. Levofloxacin and 
azithromycin appear to be the ideal drugs against Legionella because re-growth is not 
observed. In fact, numerous societies, including Infectious Diseases Society of America, 
British Thoracic Society, and the Dutch Association of Chest Physicians, recommend 
fluoroquinolones or azithromycin as the preferred antimicrobial therapy for Legionella 
[18]. Comparison of levofloxacin with azithromycin in the treatment of Legionella has 
shown no difference between the two antibiotics regarding time to defervescence, time 
to achieve clinical stability, length of IV therapy, or length of hospital stay [12].

Other antibiotics potentially effective for Legionella include tigecycline. A small 
study in eight patients with Legionella suggest tigecycline as potential second-line 
agent for treatment of patients with severe Legionnaire’s responding poorly to 
conventional first line agents such as levofloxacin and azithromycin [19].

4. Outcomes

A majority of patients with Legionella pneumonia have favorable outcomes. 
Mortality ranges from 1.8 to 10%. Mortality is higher in patients with sporadic 
infections compared to outbreak-related cases [20, 21]. Mortality is also higher in 
patients with hospital-acquired legionellosis, transplant recipients with unusual 
presentations, and missed diagnosis with negative urinary antigen [22, 23]. ICU 
admissions vary based on severity and underlying conditions, especially immuno-
compromised status.

Clinical features of Legionella infection in immunocompromised patients 
include infection (most commonly presenting as pneumonia), cavity, and empy-
ema. Extrapulmonary disease can be present, and the urine antigen test is less 

Antibiotic Administration Dose Frequency Duration (days)

Ciprofloxacin IV 200–400 mg Every 12 hours 10

or

Oral 500 mg Every 12 hours 10

Levofloxacin IV or oral 500 mg Daily 7–14

Moxifloxacin IV or oral 400 mg Daily 14

Azithromycin IV or oral 500 mg Daily 7–10

Erythromycin IV 1 g Every 6 hours 10–14

Doxycycline* IV or oral 200 mg Twice a day 3

IV or oral 100 mg Twice a day 11
*Doxycycline administered 200 mg 2×/day for 3 days followed by 100 mg 2×/day for 11 days.

Table 1. 
Recommended drug dosing and duration for antibiotics effective against Legionella.
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sensitive [24]. There are no differences in mortality rates, length of hospital stay, 
development of C. difficile infection, or hospital costs based on chosen therapy 
(fluoroquinolones versus azithromycin) [25].

4.1 Legionella pneumonia and extracorporeal membrane oxygenation (ECMO)

Patients with Legionella pneumonia with severe acute respiratory distress 
syndrome can be treated with ECMO. Several case reports describe the outcomes 
of patients with Legionella pneumonia requiring ECMO [26–28]. With respect to 
outcomes for refractory respiratory failure in patients with Legionella pneumonia, 
Roncon et al. reported that 14 of 112 patients treated with ECMO had Legionella 
pneumonia [29]. Legionella pneumonia was associated with earlier ECMO initia-
tion, higher static compliance and a non significant trend towards hospital survival.

4.2 HIV infection and Legionella pneumonia

Legionella pneumonia in HIV-infected patients is uncommon; however, some 
studies suggest that it occurs 40 times more frequently in patients with AIDS than 
in the general population [30–32]. There are also conflicting reports on the severity 
and outcomes of HIV infection and Legionella pneumonia [33]. A recent review 
reported that the incidence of Legionella pneumonia occurs in 6% of bacterial 
pneumonias in HIV infected patients [34]. Some reasons for a lower incidence in 
AIDS patients include a possible protective role of Pneumocystis jirovecii pneumonia 
(PJP) prophylaxis with TMP-SMX or the failure to isolate or diagnose Legionella 
as a coinfection. A recent study revealed that Legionella could be found in the 
bronchoalveolar fluid in AIDS patients presenting with tuberculosis and PJP [35]. 
This study also revealed that species-specific coinfection could occur, associating L. 
pneumophila with M. tuberculosis and other Legionella species with P. jirovecii.

Although most of the data on Legionella pneumonia in HIV patients are from 
case reports, a recent case-matched, case-control study reported that HIV patients 
presenting with community-acquired Legionella pneumonia have similar outcomes 
compared to non-HIV patients. HIV infection is not associated with higher ICU 
admission or increased length of hospital stay in these patients [36], and the dura-
tion of therapy is similar to non-HIV patients.

4.3 Pregnancy and Legionella pneumonia

The estimated prevalence of antepartum pneumonia is similar to that for the 
non-pregnant population at 0.78–2.7 per 1000 [37]. Although Streptococcus pneu-
moniae is the most common responsible pathogen, Legionella has also been reported 
[38, 39]. Legionella was implicated as a causative agent in 1.2% of pneumonias in 
pregnancy [40]. Treatment is similar to that of non-pregnant women. Worse out-
comes have not been described, and fetal demise rarely occurs [38, 39, 41]. Factors 
associated with favorable outcomes include a high index of suspicion, the institu-
tion of appropriate early therapy, and presentation in the late third trimester [38].

5. Conclusions

Appropriate and timely administration of antibiotics in patients suspected 
with Legionella infection is highly recommended. Macrolides and fluoroquinolones 
are considered the drugs of choice for treatment. In critically ill patients or those 
patients not responding appropriately, combination therapy should be considered 
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with careful evaluation of side effects and drug interactions. As for other infec-
tions, outcomes are not only related to the choice of antibiotics but also specific host 
factors and aggressive supportive measures. Furthermore, it is important to review 
antibiotic resistance patterns not only in clinical patients but also in environmental 
strains that are a potential source of the clinical infections [18].
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Abstract

Legionella bacteria are aerobic, pleomorphic, gram negative bacilli found in 
fresh water environments and are usually transmitted through inhalation aerosols 
from contaminated water or soil. Legionnaire’s disease is a severe form of pneu-
monia caused by legionella species and can be community acquired or hospital 
acquired. The reported incidence of Legionnaires’ disease is approximately 1.4–1.8 
cases per 100,000 persons and immunocompromised state is a very important risk 
factor. Some of the other important risk factors include old age, impaired cellular 
immunity, hematologic malignancies, solid organ transplantation, splenectomy, 
tumor necrosis factor-alpha inhibitors, chronic respiratory disease, diabetes and 
end stage renal disease. Legionella pneumophila serotype 1 is the most commonly 
reported cause of human Legionella infections. The pathogenesis of legionnaire’s 
disease involves invasion of alveolar macrophages and cell mediated immunity is 
the primary means of immune control. The prevalence of Legionnaires disease 
has risen possibly from increased awareness and reporting. The symptoms of the 
disease are nonspecific requiring a high index of suspicion in vulnerable hosts, as 
effective treatment could be life-saving. Sensitivity of urinary antigen testing is 
lower in immunocompromised patients because of higher likelihood of infections 
caused non L. pneumophila species. Extrapulmonary manifestations and higher 
mortality are particularly more common in immunocompromised patients than in 
immunocompetent hosts.

Keywords: transplant, legionnaires’ disease, immunocompromised patients, 
immunocompromised hosts

1. Introduction

Legionnaire’s disease is a severe form of atypical pneumonia caused by gram-
negative bacteria Legionella [1]. Although Legionnaire’s disease is commonly 
reported in immunocompetent patients, immunocompromised state, particularly 
impaired cellular immunity is an independent risk factor for legionella infection. 
Diabetes, hematologic malignancies, chronic corticosteroid use, solid organ trans-
plantation, TNF-alpha inhibitors are all risk factors for development of legionella 
infection [2]. Legionella micdadei, Legionella longbeachae, Legionella bozemanae, 
Legionella dumoffii and Legionella feeleii are some of the non-pneumophila species 
that predominantly cause infections in individuals with impaired immunity [3]. 
In immunosuppressed patients legionella can disseminate outside the lungs caus-
ing extrapulmonary manifestations like skin abscess, cellulitis, septic arthritis, 
myocarditis, endocarditis, peritonitis etc. [4]. Secondary to the increased incidence 
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Legionella testing should be routinely done in immunosuppressed patients present-
ing with symptoms suggestive of Community acquired pneumonia.

2. Anti-Legionella immunity

Legionella pneumophila is an intracellular pathogen that replicates within alveo-
lar macrophages. There are more than 60 species of legionella and out of which, 
serogroup 1 causes majority of legionella disease. Humans become infected after 
inhaling contaminated aerosols. L. pneumophila then enters and replicates within 
the lung alveolar macrophages. Bacteria are initially engulfed by phagocytes from a 
vacuole that blocks phagolysosome fusion by delivering bacterial proteins into host 
cell cytosol [5]. These proteins subsequently modulate endoplasmic reticulum and 
prevent lysosomal mediated killing of the bacteria. Another defense mediator of the 
body involves toll like receptors (TLR) on host cells, which senses various signaling 
proteins produced by L. pneumophila. This is in turn induces transcription factor, 
nuclear factor kappa B and produces inflammatory cytokines that sets up a potent 
immune response against L. pneumophila. A common genetic variation of the stop 
codon in the ligand binding domain of TLR increases the risk of acquiring legionella 
infection [6].

Tumor necrosis factor alpha is vital in protecting the body from L. pneumophila 
infection and the incidence of Legionnaires disease is reported to be higher in 
patients receiving TNF-alpha antagonists when compared to controls [7]. Defective 
monocytic-macrophagic system seen in hematological conditions can lead to the 
development of Legionnaire’s disease. T lymphocytes are essential for effective 
anti-legionella control but the exact role of B lymphocytes is unclear. Though some 
studies have highlighted the role of immunoglobulins during legionella infection 
an increased incidence of Legionnaire’s disease has not been found in patients with 
humoral immune deficiency [8].

3. Splenectomized patients

Legionella infection has not been frequently reported in splenectomized patients 
as these patients primarily have impairment in humoral immune response and 
B-lymphocyte function. A case report in 2004 reported two cases of Legionnaire’s 
disease in splenectomized patient. The first patient developed multiorgan failure 
and laboratory testing was positive for Legionella hackeliae and Legionella long-
beachae. The second patient was positive for Legionella micdadei [9]. Another 
patient with hairy cell leukemia and splenectomy died from multiorgan failure from 
L. longbeachae infection [10]. In 2012, Legionella pneumophila pneumonia was been 
reported in a patient with Myelodysplastic syndrome and splenectomy [11].

4. Primary immunodeficiencies

Primary immunodeficiency disorder is the result of defective immune system 
development and the absence of functional immune system leads to severe infec-
tions. There has been only one case of legionella pneumonia reported in a patient 
with primary immunodeficiency disorder. It was a 35-year-old male with hyper IgE 
disease who presented with hemoptysis and was later diagnosed to have cavitary 
pneumonia due to legionella which was isolated from the BAL cultures and the 
patient also had a positive urinary legionella antigen [12].
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5. Organ transplant patients

Although there are many species of Legionella, L. pneumophila is the most common 
one to cause pneumonia in recipients of organ transplant. Among the non- pneumophila 
species, L. micdadei, followed by L. longbeachae, L. bozemanii, L. parisiensis and L. 
cincinnatiensis commonly caused pneumonia in transplant recipients [3].

A Spanish group of physicians retrospectively reviewed 287 cases of Legionnaires’ 
disease in solid organ transplant patients. They reported that 3% of the transplant 
recipients had contracted Legionnaires’ disease. Incidence of legionnaire’s disease 
was variable but higher in kidney, lung and heart transplant patients [13].

Extrapulmonary manifestations of Legionella infection were described in four 
solid organ transplant patients. The extrapulmonary sites were aorta, pericardium, 
liver and soft tissue.

A group in Seattle, Washington reviewed 15 year longitudinal data in a hospital 
that cares for transplant patients and reported 32 cases of Legionnaires disease over 
a period of 15 years and 10 of them were in solid organ transplant patients [14].

6. Biologic agents

Biologic drugs are very commonly used for treatment of number of diseases and 
are associated with an increased risk of serious infections by lowering the immu-
nity. A study done in France in 2006 over a period of 1 year revealed a case series of 
10 patients treated with anti-TNF alpha therapy who were diagnosed with Legionella 
pneumophila infection [15]. Another French study that looked into risk factors for 
legionella infection from 2004 to 2007 concluded that anti TNF alpha therapy was 
associated with 13-fold increased risk of developing legionella infection. There was 
a 15-fold higher risk associated with infliximab, 38-fold higher risk associated with 
adalimumab and 3-fold increase with etanercept. Patients had different degrees 
of presentation. 28% presented with bilateral pneumonia, 24% had ARDS, 33% 
were hospitalized in ICU and 1 patient died [7]. A recent review from 2004 to 2011 
reported 105 cases of Legionnaire’s disease in patients treated with biologic treat-
ment [16].

7. Malignancies

Patients with hematological and solid tumors are at higher risk for developing 
legionnaire’s disease. A study found that Legionella caused 29% of pneumonia in 
patients with head and neck malignancies [17]. A retrospective study over 4 years 
conducted in a oncology center in 1986 found 36 cases of Legionnaire’s disease. 
42% had hematological malignancy and 22% had lung cancer. Neutropenic 
patients and patients on chronic steroids had higher risk of getting legionnaire’s 
disease [18].

Two retrospective studies were done at MD Anderson cancer hospital in Texas. 
First study reported 49 cases of Legionnaire’s disease in cancer patients over a 
period of 13 years from 1991 to 2003. The majority of patients had an underly-
ing hematologic malignancy. 37% were bone marrow transplant recipients. 
Lymphopenia, use of corticosteroids and chemotherapy were the most common risk 
factors in these patients [19]. Second retrospective study reviewed 33 consecutive 
cases of Legionnaire’s disease between 2002 and 2014. Out of this 27 had hemato-
logic malignancies, 23 had neutropenia, 6 had allogeneic hematopoietic stem cell 
transplant and all patients except 1 had lung infection [20].
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Clinical presentation of LD in immunocompromised patients:
Legionnaires disease in immunocompromised patients presents with fever, 

cough, chills, shortness of breath. GI symptoms can also occur. The incubation 
period for Legionnaires’ disease is usually around 2–10 days from the time of 
exposure to symptom onset. In immunocompromised patients in addition to 
consolidation legionnaire’s disease can present with cavitations, diffuse bilateral 
infiltrates and pleural effusions. In transplant patients nodular opacities that 
eventually cavitate have been reported [21]. Pleural effusions have been reported 
in 15–50% of cases.

Pneumonia with cavitation has been reported in L pneumophila serotypes 1, 3, 
4, 5, 6, and 8 as well as other Legionella species including L. micdadei, L. bozemanae, 
L. dumoffii, and L. longbeachae [22]. Legionella species can also cause lung abscesses 
and the most important risk factor for it is prolonged use of glucocorticoid therapy. 
Abscesses generally arise after 4 weeks of starting high dose glucocorticoid therapy. 
Complicated pleural effusions, empyema and lung abscesses caused by legionella 
are more commonly seen in patients with solid organ transplant [23].

Extrapulmonary manifestations are usually seen in immunocompromised hosts 
[4]. The incidence of Neurologic manifestations including meningoencephalitis, 
meningitis and transverse myelitis are similar to as in immunocompetent hosts. 
Cutaneous legionella has been reported in patients on chronic corticosteroids, solid 
organ transplants, stem cell transplants and hematological malignancies. They 
present with erythema, nodules, induration, ulcer or abscess. Most of them have 
concomitant lung infection [24].

Legionella can also affect the heart. L. pneumophila causing aortitis has been 
reported in heart transplant patients. Twelve cases of pericarditis were reported and 
most of them were in immunocompromised patients including transplant recipi-
ents, dialysis patients and cancer patients [25].

8. Conclusion

In conclusion while Legionella infection can occur in both immunocompetent 
and immunocompromised patients, certain risk factors in the immunocompro-
mised are associated with an increased incidence. T cell and cell mediated immu-
nity play a key role in body’s defense against the bacteria. TNF Alpha inhibitors 
are associated with an increased risk of Legionnaire’s disease. Extrapulmonary 
manifestations involving the skin, pericardium and aorta were seen more in 
immunocompromised, predominantly in patients on chronic corticosteroids, solid 
organ and stem cell transplant patients. The incidence of neurological manifesta-
tions remained the same. The signs and symptoms of Legionnaire’s disease are 
non-specific and patients with the above high risk features, especially on TNF alpha 
inhibitors should be screened for Legionella infection.
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