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Background: Legionella pneumophila is an important cause of both community-acquired and nosocomial pneumonia and must be considered as a possible diagnosis in any patient presenting with pneumonia. 

The Legionella bacterium was first identified in the summer of 1976 during the 58th annual convention of the American Legion, which was held at the Bellevue-Stratford Hotel in Philadelphia. Infection was presumed to be spread by contamination of the water in the hotel's air conditioning system. The presentation of affected persons ranged from mild flulike symptoms to multisystem organ failure. Of the 182 people infected, 29 died. A bacterium that would later be named L pneumophila was isolated from different organ tissues of guinea pigs inoculated with lung tissue samples from 4 fatal cases. Although this pathogen was not identified until 1976, retrospective analysis suggests that L pneumophila may have been responsible for previous epidemics of pneumonia in Philadelphia, Washington, DC, and Minnesota. L pneumophila was identified in a clinical specimen dating to 1943. 

Legionellosis is the term that collectively describes infections caused by members of the Legionellaceae family. Legionnaire disease (LD) is the pneumonia caused by L pneumophila. LD also refers to a more benign, self-limited, acute febrile illness known as Pontiac fever, which has been linked serologically to L pneumophila, although it typically presents without pneumonia. 

Pathophysiology: The Legionella bacterium is a small, aerobic, waterborne, gram-negative, unencapsulated bacillus that is nonmotile, catalase-positive, and weakly oxidase-positive. Legionella is a fastidious organism and does not grow anaerobically or on standard medium. Buffered charcoal yeast extract agar is the primary medium used for isolation of the bacterium. 

The Legionellaceae family consists of more than 42 species constituting 64 serogroups. L pneumophila is the most pathogenic of the species, causing up to 90% of the cases of legionellosis, followed by Legionella micdadei (otherwise known as the Pittsburgh pneumonia agent), Legionella bozemanii, Legionella dumoffii, and Legionella longbeachae. Fifteen serogroups of L pneumophila have been identified, with serogroups 1, 4, and 6 being the primary causes of human disease. Serogroup 1 is thought to be responsible for 80% of the reported cases of legionellosis caused by L pneumophila. 

Strains of L pneumophila have different levels of virulence. Several factors affect virulence. For example, the presence of flagella is necessary for virulence; strains that lack flagella do not cause disease in humans. Flagella are thought to mediate adherence to lung cell surfaces, thus establishing infection. 

Legionella species are obligate or facultative intracellular parasites. Water is the major reservoir in the environment for Legionella. The bacterium can infect and replicate within protozoa, such as Acanthamoeba and Hartmanella species, which are free-living amoebae, found in both natural and manufactured water systems. The Legionella species within the amebic cells can avoid the endosomal-lysosomal pathway and can replicate within the phagosome. Legionella can survive and grow in the amebic cells, thereby enabling the organism to persist in nature. 

Legionella species infect human macrophages and monocytes, and intracellular replication of the bacterium is observed within these cells in the alveolar spaces. Many similarities exist between the intracellular infection of protozoa and macrophages. L pneumophila may use the same types of molecular mechanisms to parasitize both of these host cells. 

Transmission is thought to occur via inhalation of aerosolized mist from water sources (eg, whirlpools, showers, cooling towers) contaminated with either the bacterium or amebic cells infected with the bacterium. Direct inhalation is the most likely method of transmission, with aerosol-generating systems playing a crucial role. Person-to-person transmission has not been documented. The highest incidence occurs during the warmer months, when air conditioning systems are used more frequently. Nosocomial acquisition likely occurs via aspiration, respiratory therapy equipment, or wounds infected with contaminated water. In addition, transmission has been linked to the use of humidifiers, nebulizers, and items that merely were rinsed with contaminated tap water. 

The following features increase the likelihood of colonization and amplification of legionellae in man-made water environments: (1) temperature of 25-42°C, (2) stagnation, (3) scale and sediment, and (4) presence of certain free-living aquatic amoebae capable of supporting intracellular growth of legionellae. Legionellae can resist chlorine used in water distribution systems when the chlorine concentration is at a low level. 

Activated T cells produce lymphokines that stimulate increased antimicrobial activity of macrophages. This cell-mediated activation is key to halting the intracellular growth of legionellae. The significant role of cellular immunity explains why legionellae are observed more frequently in immunocompromised patients. Humoral immunity is thought to play a secondary role in the host response to legionellae infection. 

Frequency: 
· In the US: LD has a reported incidence of 8000-18,000 cases per year. In certain geographic areas (eg, western Pennsylvania, Ohio), community-acquired LD is more common. 

LD is a reportable condition in all 50 states. It is estimated that only 5-10% of cases are reported. While most cases of LD are sporadic, 10-20% are linked to outbreaks. LD is among the top 3-4 microbial causes of community-acquired pneumonia (CAP), constituting approximately 1-9% of patients with CAP who require hospitalization. LD is an even more common cause of severe pneumonia in patients requiring admission to an intensive care unit (ICU). LD ranks second, after pneumococcal pneumonia, as the etiology of pneumonia severe enough to require ICU admission. 

Twenty-three percent of legionellosis cases are acquired in the hospital. In turn, up to 30% of sporadic cases of nosocomial pneumonia are secondary to infection with legionellae. In immunocompromised hosts, there is an increased incidence of legionellosis. The high incidence of legionellae in the hospital setting may be attributable to its presence in water sources and on surfaces (eg, pipes, rubber, plastics). The organism also is found in water sediment, which may explain its ability to persist despite flushing of hospital water systems. 

· Internationally: LD is thought to occur worldwide and is thought to be the cause of 2-15% of all CAPs requiring hospitalization. 

Mortality/Morbidity: 
· Five to 30% of individuals with LD die from the illness. The mortality rate may approach 50% in nosocomial infections of patients with underlying disease. In untreated patients, the mortality rate may be as high as 80%. 

· For example, in cases reported to the Centers for Disease Control and Prevention (CDC) from 1980-1989, the mortality rate in nosocomial cases (40%) was twice that in community-acquired cases (20%). The higher mortality rate for nosocomial cases likely is attributable to the decreased health status of hospitalized patients. 

Sex: Men have a greater risk of acquiring L pneumophila infection. 

Age: Elderly persons have a greater risk of acquiring the Legionella bacterium. 
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History: L pneumophila causes 2 distinct disease entities. LD is characterized by a severe pneumonia. Pontiac fever is a milder illness than LD, manifesting in fever and myalgias that typically resolve without treatment. 

· Legionnaire disease

· The incubation period ranges from 2-10 days.

· Patients who develop infection with legionellae and who have been hospitalized continuously for 10 or more days before the onset of illness are classified as definite nosocomial LD. Patients with laboratory-confirmed infection occurring 2-9 days after hospitalization are classified as having possible nosocomial LD.

· Individuals with LD can present with a broad spectrum of symptoms, ranging from a mild upper respiratory syndrome to frank respiratory failure.

· Frequently, there is a prodromal phase of 1-10 days consisting of flulike symptoms.

· Symptoms of LD

· Fever greater than 40°C (70%)

· Recurrent chills (70%)

· Cough - Dry or productive (50-80%); hemoptysis rare

· Pleuritic (15-40%) or nonpleuritic chest pain

· Neurologic symptoms 

· Headache 

· Lethargy

· Encephalopathy

· Mental status changes - The most common neurologic symptom (35-50%) 

· GI symptoms 

· Diarrhea - Watery, not bloody (20-50%) 

· Nausea, vomiting, and abdominal pain (10-20%) 

· Headache

· Myalgia

· Malaise

· Anorexia

Physical: 
· Infected individuals can appear comfortable, or they may have a very toxic appearance.

· Physical findings

· Fever greater than 40°C (range 38.8-40.5°C)

· Hypotension

· Bradycardia relative to increased temperature in elderly patients (50%)

· Tachypnea

· Decreased breath sounds on lung examination

· Depressed mental status or agitation

· Extrapulmonary manifestations (seen primarily in immunocompromised patients)

· Cardiac manifestations are the most common extrapulmonary findings and include myocarditis, pericarditis, and prosthetic valve endocarditis.

· Cardiac infections occur more often in hospitalized patients, especially at the site of sternotomy wounds. These wounds become infected through contact with water that is colonized by the Legionella bacterium.

· Sinusitis

· Cellulitis

· Pancreatitis

· Peritonitis

· Pyelonephritis

· Tubulointerstitial nephritis and acute renal failure

· Brain abscesses

· Abscesses of the GI tract

· Dissemination of the infection is thought to be secondary to bacteremia.

Causes: The risk of infection increases with the type and intensity of the exposure, as well as the health status of the exposed individual. A number of factors increase the risk of acquiring legionellae infections. 

· Risk factors for infection

· Advanced age

· Tobacco smoking

· Chronic heart or lung disease

· Renal or liver disease

· Diabetes mellitus

· Immunocompromised state due to the following: 

· Cancer - Lung or hematologic (especially hairy cell leukemia)

· AIDS - Incidence in this population is lower, but patients develop a more severe illness with extrapulmonary findings, bacteremia, and lung abscesses. 

· Immunosuppressive medications (especially corticosteroids)

· Ethanol abuse

· Male sex

· Postsurgical patients (especially transplant patients)

· Patients who are on ventilators

· Recent travel with overnight stay outside the home

· Recent repair of domestic plumbing

· Pediatric cases of Legionella pneumonia are less common. Most of these cases occur in children who are immunosuppressed or in immunocompetent children who have undergone surgery or are on a ventilator.
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Other Problems to be Considered: 
Patients diagnosed with Legionella pneumonia may be co-infected with other organisms (eg, pneumococcal species), atypical pathogens (eg, Mycoplasma, Chlamydia species), Coxiella burnetii, gram-negative rods, and viral infections. This fact is important because the provider must consider a diagnosis of L pneumophila if the patient is being treated for another documented respiratory pathogen without signs of improvement. Regardless of the source, detection of L pneumophila bacterium represents a definite pathogen; therefore, its isolation always indicates infection. 
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Lab Studies: 
· While similar laboratory findings are observed in pneumonias caused by a number of pathogens, hyponatremia (Na <130) secondary to the syndrome of inappropriate antidiuretic hormone is observed more frequently in LD (44.8%) than in pneumonias secondary to other pathogens (14.7%).

· Additional laboratory findings in LD and in pneumonias due to other causes include the following:

· Mild leukocytosis (60-80%)

· Elevated liver enzymes (15-40%)

· Increased creatine phosphokinase: LD is the prime bacterial cause of rhabdomyolysis.

· Disseminated intravascular coagulation (DIC)

· Thrombocytopenia

· Proteinuria (40%)

· Microscopic hematuria (10-50%)

· Hypophosphatemia (25%)

· Elevated lactate dehydrogenase levels (>700 U/mL)

· Gram stain

· Typically, many leukocytes and a paucity of organisms are observed. 

· If visible, the organisms are small, faintly staining, gram-negative bacilli.

· Culture of respiratory secretions

· The definitive method for diagnosing Legionella is isolation of the organism in the respiratory secretions (ie, sputum, lung fluid, pleural fluid). However, Legionella does not grow on standard microbiologic medium. 

· Legionella requires buffered charcoal yeast extract agar and cysteine for growth. In addition, dye-containing selective media are necessary to impart a distinguishing color to the organisms. The medium is treated with antibiotics, heat, or acids to decrease the overgrowth of competing organisms. Optimal growth occurs at temperatures of 35-37°C. 

· Legionella is a slow-growing organism and can take 3-5 days to produce colonies that are visible to the eye. The organisms typically have a ground-glass appearance when observed through stereomicroscopy. 

· Routine sputum cultures have a sensitivity and specificity of 80% and 100%, respectively. 

· Transtracheal aspiration of secretions or bronchoscopy specimen increases the sensitivity to 90%. 

· Bronchoalveolar lavage (BAL) fluid provides a higher yield than bronchial wash specimens.

· Blood cultures: Legionella can be isolated from blood, but it shows a much lower sensitivity (<20%).

· Direct fluorescent antibody staining of sputum

· Direct fluorescent antibody staining (DFA) is a rapid test yielding results in 2-4 hours, but it has a much lower sensitivity (33-70%). The specificity of DFA is 96-99% using monoclonal antibody instead of polyclonal antibody. 

· A positive result depends on finding large numbers of organisms in the specimen; therefore, the sensitivity is increased when samples from the lower respiratory tract are used. 

· A positive DFA test result correlates not only with a large number of organisms in the sample but also with significant radiographic findings. With appropriate antimicrobial therapy, the DFA test results become negative in 4-6 days. 

· An additional limitation of this test is that there may be cross-reactivity with other gram-negative species (eg, some Pseudomonas species, Bacteroides fragilis).

· Serology 

· While serologic tests are the most readily available, they require a 4-fold increase in antibody titer to 1:128 or greater, which can take 4-8 weeks to achieve. Therefore, while serologic tests may have value in epidemiological studies, they offer little practical clinical information because of the delay in obtaining results. Paired measurements from both the acute and convalescent periods must be obtained, since an antibody response may not be apparent for up to 3 months. Of note, 20-30% of patients with LD do not develop an antibody increase. 

· The most widely used tests are the immunofluorescent antibody (IFA) and enzyme-linked immunosorbent assay (ELISA). A single increased antibody titer does not confirm the existence of Legionella, since 1-16% of healthy adults have IFA titers greater than or equal to 1:256. If the seroprevalence of legionellae antibody titers is known to be low in a particular community, then a titer of 1:256 may indicate presence of disease. The sensitivity of these tests ranges from 40-60% (the use of immunoglobulin M [IgM] and immunoglobulin G [IgG] assays significantly increases the sensitivity), and the specificity ranges from 96-99%. 

· Urinary antigen test 

· At least 80% of patients with legionellosis excrete the Legionella antigen in their urine. Detection of the Legionella lipopolysaccharide antigen is achieved through ELISA, radioimmunoassay (RIA), and the latex agglutination test. The Legionella lipopolysaccharide antigen becomes detectable in 80% of patients on days 1-3 of clinical illness. 

· The sensitivity and specificity of the urinary antigen assay are 70% and 100%, respectively. The sensitivity of this test is lower than that of culture of respiratory secretions because the urinary antigen assay can detect only serogroup 1 of L pneumophila. 

· The advantages of this test are rapidity and simplicity. In addition, the relative ease of obtaining a urine sample compared to obtaining sputum specimens and the persistence of antigen secretion in patients who are on antibiotic therapy increase the usefulness of the urine antigen detection method. 

· The urinary antigen can remain positive for months after the acute episode has resolved, which can hinder the ability to diagnose relapse or reinfection. 

· Amplification by polymerase chain reaction 

· Polymerase chain reaction (PCR) of urine, serum, and bronchiolar lavage fluid is very specific for the detection of legionellae, but there is no increase in the sensitivity compared to that of culture. 

· The primary benefit of this procedure is that it can detect infections caused by legionellae other than L pneumophila serogroup 1. 

Imaging Studies: 
· No typical radiographic presentation of LD exists.

· Patients who do not initially have abnormal chest radiographs typically have abnormal findings within 3 days of the onset of illness.

· In the original epidemic in Philadelphia in 1976, 87% of patients had abnormalities on their chest radiographs and 34% had bilateral infiltrates. Approximately one quarter of patients had infiltrates that were described as interstitial. Almost half of the patients had patchy alveolar infiltrates.

· In general, the abnormalities typically are unilateral and are found in the lower lobes.

· Pleural effusions are found in a third of patients.

· Cavity and abscess formation can occur in immunocompromised hosts.

· Radiographic evidence of progression of infiltrates and/or effusions is common despite treatment with appropriate antibiotics.

· Improvement in the chest x-ray can lag behind the clinical improvement for several days. The abnormalities on chest x-ray can take up to 3-4 months to resolve completely.

· Given that the radiographic findings in legionellosis are very nonspecific, the chest x-ray offers minimal diagnostic value beyond diagnosing pneumonia.

Procedures: 
· Bronchoscopy: While the sensitivity of specimens retrieved by bronchoscopy is approximately comparable to that of sputum, BAL fluid gives a higher yield than bronchial wash specimens.

· Thoracentesis: If a pleural effusion is present, fluid can be evaluated using DFA, culture, and Legionella antigen.

Histologic Findings: Legionellae infections limited to the bronchial tree have not been described. Typically, the histopathological lesions are found mostly in alveolar ducts and alveoli and contain a mixture of polymorphonuclear cells and macrophages with cell debris and fibrin. 
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Medical Care: 
· Mortality rates are increased significantly with delay in treatment. Therefore, include empiric anti-Legionella therapy in the regimen for severe CAP and in specific cases of nosocomial pneumonia.

· Although Legionella pneumonia can present as a mild illness, most patients require hospitalization with parenteral antibiotics.

· Historically, erythromycin was considered the drug of choice for L pneumophila, but the newer macrolides and quinolones have begun to replace erythromycin.

· Fluoroquinolones, primarily levofloxacin, sparfloxacin, and trovafloxacin, as well as newer macrolides (eg, azithromycin) have greater in vitro activity and better intracellular penetration than erythromycin. In addition, animal studies of L pneumophila have shown these agents to have superior activity. These agents have bactericidal effects, while erythromycin only has inhibitory properties against intracellular L pneumophila. However, adverse effects limit the clinical use of sparfloxacin and trovafloxacin.

· The fluoroquinolones and newer macrolides also are superior because of their pharmacokinetic properties (eg, better bioavailability, better penetration into macrophages, longer half-life), thereby decreasing the number of doses per day.

· For severe disease, levofloxacin or azithromycin are recommended. Severe disease is defined by respiratory failure, bilateral pneumonia, rapidly worsening pulmonary infiltrates, or the presence of at least 2 of the following 3 characteristics: 

· Blood urea nitrogen greater than or equal to 30 mg/dL 

· Diastolic blood pressure lower than 60 mm Hg 

· Respiratory rate greater than 30/min 

· Some experts recommend adding rifampin to a macrolide or quinolone in severely ill patients; however, no clinical data support this combination of therapy. 

· Most patients exhibit clinical response to treatment within 1-4 days.

Consultations: 
· Infectious disease

· Pulmonary
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Treat intravenously until response occurs, then consider changing to the oral form with a 10- to 14-day course after patients begin to show signs of clinical improvement. A 21-day course is recommended in patients who are immunocompromised, who have severe underlying disease, or who develop a severe case of Legionella pneumonia. 

For immunosuppressed patients, fluoroquinolone therapy is recommended for several reasons. In this patient population, a high fatality rate exists in those who are diagnosed with Legionella pneumonia. Fluoroquinolones do not affect cyclosporine metabolism, which is useful in transplant patients.

Drug Category: Antibiotics -- Empiric antimicrobial therapy must be comprehensive and should cover all likely pathogens in the context of the clinical setting. 

Drug Name

Erythromycin (E.E.S., E-Mycin, Ery-Tab) -- Inhibits bacterial growth, possibly by blocking dissociation of peptidyl t-RNA from ribosomes, causing RNA-dependent protein synthesis to arrest. In children, age, weight, and severity of infection determine proper dosage. When bid dosing is desired, half of the total daily dose may be taken q12h. For more severe infections, double the dose. 

Adult Dose

250 mg erythromycin stearate/base (or 400 mg ethylsuccinate) q6h PO 1 h ac, or 500 mg q12h 
Alternatively, 333 mg PO q8h; increase to 4 g/d, depending on severity of infection
15-20 mg/kg/d IV q6h in divided doses; not to exceed 4 g qd 

Pediatric Dose

30-50 mg/kg/d (15-25 mg/lb/d) PO q6-8h in divided doses 

Contraindications

Documented hypersensitivity; hepatic impairment 

Interactions

Coadministration may increase toxicity of theophylline, digoxin, carbamazepine, and cyclosporine; may potentiate anticoagulant effects of warfarin; coadministration with lovastatin and simvastatin, increases risk of rhabdomyolysis 

Pregnancy

B - Usually safe but benefits must outweigh the risks. 

Precautions

Caution in liver disease; estolate formulation may cause cholestatic jaundice; GI adverse effects are common (give doses pc); discontinue use if nausea, vomiting, malaise, abdominal colic, or fever occur

Drug Name

Levofloxacin (Levaquin) -- Fluoroquinolone for pseudomonal infections and infections due to multidrug-resistant gram-negative organisms. 

Adult Dose

500 mg PO/IV qd, adjust dose in renal disease 

Pediatric Dose

<18 years: Not recommended
>18 years: Administer as in adults 

Contraindications

Documented hypersensitivity 

Interactions

Antacids, iron salts, and zinc salts may reduce serum levels; administer antacids 2-4 h before or after taking fluoroquinolones; cimetidine may interfere with metabolism of fluoroquinolones; levofloxacin reduces therapeutic effects of phenytoin; probenecid may increase levofloxacin serum concentrations; may increase toxicity of theophylline, caffeine, cyclosporine, and digoxin (monitor digoxin levels); may increase effects of anticoagulants (monitor PT) 

Pregnancy

C - Safety for use during pregnancy has not been established. 

Precautions

In prolonged therapy, perform periodic evaluations of organ system functions (eg, renal, hepatic, hematopoietic); adjust dose in renal function impairment; superinfections may occur with prolonged or repeated antibiotic therapy; photosensitivity may occur with prolonged exposure to sunlight or tanning equipment

Drug Name

Trovafloxacin (Trovan) -- Fluoroquinolone with anaerobic coverage. Inhibits bacterial DNA replication and transcription. 

Adult Dose

100-200 mg PO qd; 200 mg IV qd 

Pediatric Dose

<18 years: Not recommended
>18 years: Administer as in adults 

Contraindications

Documented hypersensitivity 

Interactions

Antacids, iron salts, and zinc salts may reduce serum levels; administer antacids 2-4 h before or after administration; absorption decreased by sucralfate and morphine 

Pregnancy

C - Safety for use during pregnancy has not been established. 

Precautions

Adjust dosage for underlying liver disease; in prolonged therapy, perform periodic evaluations of organ system functions (eg, renal, hepatic, hematopoietic); adjust dose in renal function impairment; superinfections may occur with prolonged or repeated antibiotic therapy; discontinue if tendon pain occurs; caution in known or suspected CNS disorders or cerebrovascular disease; caution if history of GI disease; photosensitivity may occur with prolonged exposure to sunlight or tanning equipment; concerns about hepatic injury should limit the use of this agent

Drug Name

Azithromycin (Zithromax) -- Macrolide antibiotic used to treat mild-to-moderate microbial infections. 

Adult Dose

Day 1: 500 mg PO
Days 2-5: 250 mg PO qd
500 mg IV qd 

Pediatric Dose

<6 months: Not established
>6 months: 10 mg/kg on day 1, not to exceed 500 mg; 5 mg/kg/d qd on days 2-5, not to exceed 250 mg/d 
Otitis media - 12 mg/kg qd for 5 d 
Pharyngitis, tonsillitis - 10-20 mg/kg/d qd; not to exceed 40 mg/kg/d 
MAC infections with HIV - 5-12 mg/kg/d qd; not to exceed 500 mg/d (MAC infection prophylaxis) 

Contraindications

Documented hypersensitivity; hepatic impairment; do not administer with pimozide 

Interactions

May increase toxicity of theophylline, warfarin, and digoxin; effects are reduced with coadministration of aluminum and/or magnesium antacids; nephrotoxicity and neurotoxicity may occur when coadministered with cyclosporine 

Pregnancy

B - Usually safe but benefits must outweigh the risks. 

Precautions

Site reactions can occur with IV route; bacterial or fungal overgrowth may result with prolonged antibiotic use; may increase hepatic enzymes and cholestatic jaundice; caution in patients with impaired hepatic function, prolonged QT intervals, or pneumonia; caution in patients who are hospitalized, geriatric, or debilitated

Drug Name

Clarithromycin (Biaxin) -- Macrolide antibiotic. Inhibits bacterial growth, possibly by blocking dissociation of peptidyl t-RNA from ribosomes, causing RNA-dependent protein synthesis to arrest. 

Adult Dose

250 mg PO bid; may increase to 500 mg PO tid or 500 mg PO q12h 

Pediatric Dose

15 mg/kg/d PO divided bid; not to exceed 1 g qd 

Contraindications

Documented hypersensitivity; coadministration of pimozide 

Interactions

Toxicity increases with coadministration of fluconazole and pimozide; clarithromycin effects decrease and GI adverse effects may increase with coadministration of rifabutin or rifampin; may increase toxicity of anticoagulants, cyclosporine, tacrolimus, digoxin, omeprazole, carbamazepine, ergot alkaloids, triazolam, HMG CoA-reductase inhibitors; plasma levels of certain benzodiazepines may increase, prolonging CNS depression; arrhythmia and increase in QTc intervals occur with disopyramide; coadministration with omeprazole may increase plasma levels of both agents 

Pregnancy

C - Safety for use during pregnancy has not been established. 

Precautions

Coadministration with ranitidine or bismuth citrate is not recommended with CrCl <25 mL/min; administer half dose or increase dosing interval if CrCl <30 mL/min; diarrhea may be sign of pseudomembranous colitis; superinfections may occur with prolonged or repeated antibiotic therapies

Drug Name

Ciprofloxacin (Cipro) -- Fluoroquinolone with activity against pseudomonads, streptococci, MRSA, S epidermidis, and most gram-negative organisms but no activity against anaerobes. Inhibits bacterial DNA synthesis, and, consequently, growth. Trovafloxacin (Trovan) overcomes many of these limitations, but should not be used routinely. 

Adult Dose

250-750 mg PO q12h; 200-400 mg IV q12h 

Pediatric Dose

15-30 mg/kg/d PO divided q12h; not to exceed 1.5 g/d 

Contraindications

Documented hypersensitivity 

Interactions

Antacids, iron salts, and zinc salts may reduce serum levels; administer antacids 2-4 h before or after taking fluoroquinolones; cimetidine may interfere with metabolism of fluoroquinolones; ciprofloxacin reduces therapeutic effects of phenytoin; probenecid may increase ciprofloxacin serum concentrations; may increase toxicity of theophylline, caffeine, cyclosporine, and digoxin (monitor digoxin levels); may increase effects of anticoagulants (monitor PT) 

Pregnancy

C - Safety for use during pregnancy has not been established. 

Precautions

In prolonged therapy, perform periodic evaluations of organ system functions (eg, renal, hepatic, hematopoietic); adjust dose in renal function impairment; superinfections may occur with prolonged or repeated antibiotic therapy; photosensitivity may occur with prolonged exposure to sunlight or tanning equipment

Drug Name

Ofloxacin (Floxin) -- Fluoroquinolone with broad-spectrum bactericidal effects. Effective against N gonorrhoeae and C trachomatis. 

Adult Dose

400 mg PO/IV q12h 

Pediatric Dose

<18 years: Not recommended
>18 years: Administer as in adults 

Contraindications

Documented hypersensitivity 

Interactions

Antacids, iron salts, and zinc salts may reduce serum levels; administer antacids 2-4 h before or after taking fluoroquinolones; cimetidine may interfere with metabolism of fluoroquinolones; ciprofloxacin reduces therapeutic effects of phenytoin; probenecid may increase ciprofloxacin serum concentrations; may increase toxicity of theophylline, caffeine, cyclosporine, and digoxin (monitor digoxin levels); may increase effects of anticoagulants (monitor PT) 

Pregnancy

B - Usually safe but benefits must outweigh the risks. 

Precautions

In prolonged therapy, perform periodic evaluations of organ system functions (eg, renal, hepatic, hematopoietic); adjust dose in renal function impairment; superinfections may occur with prolonged or repeated antibiotic therapy; photosensitivity may occur with prolonged exposure to sunlight or tanning equipment

Drug Name

Sparfloxacin (Zagam) -- Inhibits bacterial DNA synthesis and, consequently, growth. 

Adult Dose

200 mg PO qd 

Pediatric Dose

<18 years: Not recommended
>18 years: Administer as in adults 

Contraindications

Documented hypersensitivity 

Interactions

Antacids, iron salts, and zinc salts may reduce serum levels; administer antacids 2-4 h before or after taking fluoroquinolones; cimetidine may interfere with metabolism of fluoroquinolones; reduces therapeutic effects of phenytoin; probenecid may increase serum concentrations; may increase toxicity of theophylline, caffeine, cyclosporine, and digoxin (monitor digoxin levels); may increase effects of anticoagulants (monitor PT) 

Pregnancy

C - Safety for use during pregnancy has not been established. 

Precautions

In prolonged therapy, perform periodic evaluations of organ system functions (eg, renal, hepatic, hematopoietic); adjust dose in renal function impairment; superinfections may occur with prolonged or repeated antibiotic therapy; photosensitivity may occur with prolonged exposure to sunlight or tanning equipment

Drug Name

Doxycycline (Vibramycin) -- Inhibits protein synthesis and, thus, bacterial growth by binding to 30S and possibly 50S ribosomal subunits of susceptible bacteria. 

Adult Dose

100 mg PO/IV q12h 

Pediatric Dose

<8 years: Not recommended
>8 years: Not established 

Contraindications

Documented hypersensitivity; severe hepatic dysfunction 

Interactions

Bioavailability decreases with antacids containing aluminum, calcium, magnesium, iron, or bismuth subsalicylate; tetracyclines can increase hypoprothrombinemic effects of anticoagulants; tetracyclines can decrease effects of oral contraceptives, causing breakthrough bleeding and increased risk of pregnancy 

Pregnancy

D - Unsafe in pregnancy 

Precautions

Photosensitivity may occur with prolonged exposure to sunlight or tanning equipment; reduce dose in renal impairment; consider drug serum level determinations in prolonged therapy; tetracycline use during tooth development (last half of pregnancy through 8 y) can cause permanent discoloration of teeth; Fanconilike syndrome may occur with outdated tetracyclines

Drug Name

Moxifloxacin (Avelox) -- Inhibits bacterial DNA synthesis and growth. Activity is similar to that of ciprofloxacin and levofloxacin. 

Adult Dose

400 mg PO qd for 10 d 

Pediatric Dose

<18 years: Not recommended
>18 years: Administer as in adults 

Contraindications

Documented hypersensitivity 

Interactions

Antacids, iron salts, and zinc salts may reduce serum levels; administer antacids 4 h before or 8 h after taking fluoroquinolones; cimetidine may interfere with metabolism of fluoroquinolones; reduces therapeutic effects of phenytoin; probenecid may increase serum concentrations; may increase toxicity of theophylline, caffeine, cyclosporine, and digoxin (monitor digoxin levels); may increase effects of anticoagulants (monitor PT) 

Pregnancy

C - Safety for use during pregnancy has not been established. 

Precautions

Shown to prolong QT interval; avoid in uncorrected hypokalemia and patients receiving Class IA (eg, quinidine, procainamide) or Class III (eg, amiodarone, sotalol) antiarrhythmic agents; superinfections may occur with prolonged or repeated antibiotic therapy; photosensitivity may occur with prolonged exposure to sunlight or tanning equipment

 

FOLLOW-UP 
Section 8 of 10   

 


 HYPERLINK "http://www.emedicine.com/med/topic1273.htm" \l "section~miscellaneous#section~miscellaneous" 
[image: image59.png]Hext





Author Information Introduction Clinical Differentials Workup Treatment Medication Follow-up Miscellaneous Bibliography
Further Inpatient Care: 
· Patients with mild-to-moderate pneumonia are admitted to the hospital for parenteral antibiotics and supportive measures. Patients deemed to have a severe pneumonia may require ICU admission for closer monitoring. Quickly initiate empiric antibiotic treatment, and order a diagnostic workup.

Further Outpatient Care: 
· In milder cases, patients can be treated in the outpatient setting with oral antibiotics.

· For patients who are hospitalized and treated with intravenous antibiotics, start oral antibiotics while in the hospital and observe for continued response. Continue oral antibiotics on an outpatient basis for 14-21 days, depending on the severity of the presenting illness. Patients should have close follow-up care to ensure complete resolution of their respiratory symptoms.

In/Out Patient Meds:
· Patients should complete the full course of their antibiotics, whether the treatment is initiated in the outpatient setting or in the hospital.

Deterrence/Prevention:
· Prevention and control of nosocomial legionellosis

· Testing for legionellae in hospitalized patients with increased risk for infection and subsequent death

· If 1 definite case or 2 possible cases of nosocomial LD occur, initiate an investigation for a hospital source.

· Routinely maintain cooling towers, and use only sterile water for filling and rinsing of nebulization devices.

· Disinfection

· Superheating water to 70-80°C, with flushing of distal sites

· Installation of copper-silver ionization units, which produce metallic ions that disrupt the bacterial cell wall, thus resulting in lysis and cell death: This method provides sustained protection and is very effective at eradicating legionellae.

· Use of ultraviolet light, which kills legionellae by damaging cellular DNA: This system is effective when disinfecting localized areas; however, because there is no sustained protection, adjunct treatments must be used.

· Hyperchlorination of water no longer is recommended because legionellae are fairly chlorine resistant, and chlorine decomposes at higher water temperatures found in hot water systems being treated.

· Improve design and maintenance of cooling towers and plumbing systems.

Complications: 
· Decreased pulmonary function

· Abscess formation (in the lungs or at extrapulmonary sites)

· Pulmonary fibrosis or scarring

· Fulminant respiratory failure

· Death

Prognosis: 
· Progressive respiratory failure is the most common cause of death in patients with Legionella pneumonia. The mortality rate depends on the comorbid conditions of the patient as well as the choice and timeliness of administration of antibiotics. The site of acquisition (eg, nosocomial, community-acquired) also may affect the outcome.

Patient Education: 
· For excellent patient education resources, visit eMedicine's Procedures Center. Also, see eMedicine's patient education article Bronchoscopy.
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Medical/Legal Pitfalls: 
· Failure to recognize L pneumophila as an important cause of CAP could lead to suboptimal treatment with appropriate antibacterial agents and could result in unnecessary patient morbidity and mortality.
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NOTE: 
Medicine is a constantly changing science and not all therapies are clearly established. New research changes drug and treatment therapies daily. The authors, editors, and publisher of this journal have used their best efforts to provide information that is up-to-date and accurate and is generally accepted within medical standards at the time of publication. However, as medical science is constantly changing and human error is always possible, the authors, editors, and publisher or any other party involved with the publication of this article do not warrant the information in this article is accurate or complete, nor are they responsible for omissions or errors in the article or for the results of using this information. The reader should confirm the information in this article from other sources prior to use. In particular, all drug doses, indications, and contraindications should be confirmed in the package insert. FULL DISCLAIMER 
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