Pneumonia (Latest modification: 02-Sep-2010)

Pneumonia1 is a respiratory disease characterised by inflammation of the lung parenchyma with congestion. It is mostly due to bacterial or viral infection, but may be caused by fungi in immunocompromised patients or by the aspiration of chemical irritants. Pneumonia is a common illness occurring in all age groups and throughout the world; it is a major cause of death among the elderly and those who are chronically and/or terminally ill. Symptoms and signs of pneumonia include chills, cough, dyspnoea, fever, headache, myalgia, pleuritic chest pain, and sputum production. Treatment of pneumonia relies on prompt use of antibacterials and identification of the infecting organisms and their sensitivity to antibacterials. Cases of pneumonia are usually classified as community-acquired or hospital-acquired (nosocomial) pneumonia. Cases of community-acquired pneumonia can also be further sub-divided into those who can be treated in an ambulatory (outpatient) setting and those that need hospitalisation. Patients who need hospitalisation are generally infected with unusual pathogens and/or have more severe disease. Pneumonia occurring in long-term-care facilities can be treated as either community-acquired or hospital-acquired pneumonia. Cases of hospital-acquired pneumonia are generally classified according to the time of onset after hospital admission. These categories also provide a rough guide as to the likely pathogen and severity of the disease. 

Other types of pneumonia include aspiration pneumonia and the various forms of interstitial pneumonia or pneumonitis (see also Aspiration Syndromes, 
, and Interstitial Lung Disease, 
). Interstitial pneumonitis is a common complication in cancer patients and has also been associated with certain drugs, for example amiodarone, bleomycin, and nitrofurantoin. 

Community-acquired pneumonia. In community-acquired pneumonia (CAP)2-7 the commonest pathogen in previously healthy subjects is Streptococcus pneumoniae (pneumococcus). Other common pathogens include Haemophilus influenzae and atypical pathogens such as Chlamydophila pneumoniae (Chlamydia pneumoniae), Mycoplasma pneumoniae, and Legionella pneumophila (see Legionnaires' Disease, 
).2,5 Less common causes include Staphylococcus aureus, which usually occurs as a secondary bacterial infection after influenza and is associated with high mortality; Moraxella catarrhalis (Branhamella catarrhalis) occurs especially in patients with chronic lung disease; Gram-negative enteric bacilli; Pseudomonas aeruginosa; Chlamydophila psittaci (Chlamydia psittaci) (see Psittacosis, 
); and Coxiella burnetii (see Q Fever, 
). Gram-negative bacilli rarely cause pneumonia in the community, especially in previously healthy patients, although the frequency of such infections is increasing.8 Anaerobic bacteria are associated with aspiration pneumonia. Viruses are the commonest pathogens in young children. 

Pneumococcal pneumonia usually develops over several days and in elderly patients onset may be insidious. Str. pneumoniae has usually been considered to be sensitive to penicillins (benzylpenicillin, amoxicillin, or ampicillin), cephalosporins, erythromycin, or co-trimoxazole, but there is increasing prevalence of global resistance although there are marked geographical differences.9,10 However, in clinical practice pneumococcal pneumonia frequently responds to high doses of penicillins or cephalosporins and the routine use of penicillin for CAP may still be reasonable in many countries. 

The treatment of CAP is complicated by the increasing spectrum of causative organisms and prevalence of antibacterial resistance. Furthermore, since the causative pathogen is often unknown, initial antibacterial therapy is usually empirical. Guidelines for the treatment of pneumonia have been issued by bodies in many countries.8,11-18 Although common principles can be identified, recommendations must be localised because of differences in patterns of infection and drug resistance, variations in the availability of antibacterials and local policies for their use, and differences in medical practice. Countries also vary in the degree to which such guidelines are accepted in practice. These guidelines generally give advice for differences associated with age, the severity of the infection, and the presence or absence of underlying or co-existent disorders. 

In the UK, guidelines for the management of CAP have been produced by the British Thoracic Society (BTS).8 For initial empirical treatment in the community oral amoxicillin is usually preferred. Alternatives in penicillin-allergic patients include doxycycline and the macrolides clarithromycin and erythromycin; clarithromycin is generally preferred to erythromycin due to better tolerance and more convenient dosing. The approach to treatment is similar for patients hospitalised with low-severity CAP, many of whom are admitted to hospital for non-clinical reasons such as old age, family preference, inadequate home care, or adverse social circumstances; when oral therapy cannot be used in these patients, intravenous amoxicillin, benzylpenicillin, or clarithromycin are suitable alternatives. 

In those patients hospitalised with moderately-severe CAP there is an increased likelihood of infection with atypical pathogens, or with Legionella spp.; consequently, combined empirical treatment orally with amoxicillin plus either erythromycin or clarithromycin is preferred.8 When oral therapy is inappropriate, intravenous ampicillin or benzylpenicillin is given, with intravenous clarithromycin. For those intolerant of beta lactams and macrolides, oral doxycycline, levofloxacin, or moxifloxacin can be considered; intravenous alternatives include either monotherapy with levofloxacin, or the combination of a second- or third-generation cephalosporin (such as cefuroxime, cefotaxime, or ceftriaxone) with clarithromycin.8 

Patients hospitalised with severe CAP should receive parenteral empirical treatment regardless of their ability to take oral medication. Since CAP caused by Legionella spp. is more likely to result in severe disease, the initial empirical regimen should include appropriate therapy. Current recommendations8 are for combined intravenous treatment with a broad-spectrum beta-lactamase-stable antibacterial such as amoxicillin with clavulanic acid or a second- or third-generation cephalosporin such as cefuroxime, cefotaxime, or ceftriaxone, together with a macrolide (preferably clarithromycin). For life-threatening infection where Legionella is suspected, the further addition of levofloxacin should be considered. As an alternative to the above regimens, benzylpenicillin with either levofloxacin or ciprofloxacin can also be used.8 

The following treatments are recommended in the UK,8 along with local microbiological advice, for the minority of patients with CAP in whom the causative organism has been identified, usually in hospital: 

Str. pneumoniae: preferred treatment, oral amoxicillin or intravenous benzylpenicillin; alternatives, oral clarithromycin, or intravenous cefuroxime, cefotaxime, or ceftriaxone 

M. pneumoniae or C. pneumoniae: preferred treatment, oral or intravenous clarithromycin; alternatives, oral doxycycline or an oral or intravenous fluoroquinolone 

C. psittaci or C. burnetii: preferred treatment, oral doxycycline; alternatives, oral or intravenous clarithromycin 

Legionella spp.: preferred treatment, an oral or intravenous fluoroquinolone; alternatives, oral or intravenous clarithromycin (or azithromycin, if necessary) 

H. influenzae (non-beta-lactamase-producing): preferred treatment, oral or intravenous amoxicillin; alternatives, intravenous cefuroxime, cefotaxime, or ceftriaxone, or an oral or intravenous fluoroquinolone 

H. influenzae (beta-lactamase-producing): preferred treatment, oral or intravenous amoxicillin with clavulanic acid; alternatives, intravenous cefuroxime, cefotaxime, or ceftriaxone, or an oral or intravenous fluoroquinolone 

Gram-negative enteric bacilli: preferred treatment, intravenous cefuroxime, cefotaxime, or ceftriaxone; alternatives, intravenous fluoroquinolone, imipenem, or meropenem 

Ps. aeruginosa: preferred treatment, intravenous ceftazidime plus either gentamicin or tobramycin; alternatives, intravenous ciprofloxacin or piperacillin plus either gentamicin or tobramycin 

Staph. aureus (non-meticillin-resistant): preferred treatment, intravenous flucloxacillin with or without oral or intravenous rifampicin; alternatives, intravenous vancomycin, linezolid, or teicoplanin with or without oral or intravenous rifampicin 

Staph. aureus (meticillin-resistant): preferred treatment, intravenous vancomycin, linezolid, or teicoplanin with or without oral or intravenous rifampicin 

In the USA, guidelines for the management of CAP in adults have been jointly produced by the Infectious Diseases Society of America (IDSA) and by the American Thoracic Society (ATS).12 For previously healthy outpatients with no risk factors for drug-resistant Str. pneumoniae (DRSP) infection they recommend a macrolide (such as erythromycin, azithromycin, or clarithromycin); doxycycline may be given as an alternative. In those with co-existing cardiopulmonary disease and/or other complicating factors (such as renal disease, diabetes mellitus, alcoholism, malignancies, or asplenia), taking immunosuppressive drugs, those who have received antibacterial therapy within the previous 3 months, or those with other risks for DRSP infection a 'respiratory fluoroquinolone' (gemifloxacin, levofloxacin, or moxifloxacin) is recommended. Alternatively a beta-lactam (high-dose amoxicillin with or without clavulanic acid, or ceftriaxone, cefpodoxime, or cefuroxime) plus a macrolide (or doxycycline) may be given. 

In hospitalised patients who are not in intensive care the preferred treatment is a beta lactam (cefotaxime, ceftriaxone, ampicillin, or ertapenem) plus a macrolide (or doxycycline). In penicillin-allergic patients a respiratory fluoroquinolone is recommended. In hospitalised patients who are in intensive care the preferred treatment is a beta lactam (cefotaxime, ceftriaxone, or ampicillin/sulbactam) plus either azithromycin or a respiratory fluoroquinolone. In penicillin-allergic patients a respiratory fluoroquinolone and aztreonam are recommended. For Pseudomonas infection, an antipneumococcal, antipseudomonal beta lactam (such as piperacillin/tazobactam, cefepime, imipenem, or meropenem) plus either ciprofloxacin or levofloxacin are recommended. Alternative regimens include an antipneumococcal, antipseudomonal beta lactam plus an aminoglycoside and azithromycin, or an antipneumococcal, antipseudomonal beta lactam plus an aminoglycoside and an antipneumococcal fluoroquinolone. In penicillin-allergic patients aztreonam should be used in place of the beta lactam. For community-acquired meticillin-resistant Staph. aureus (MRSA) infection, vancomycin or linezolid should be added. 

In children pneumonia is caused by a wider spectrum of organisms than in adults. Viruses, especially RSV, are very common pathogens in infants and children up to 4 years of age and, as in adults, pneumococci are very common bacterial pathogens. Guidelines for the management of CAP in children have been produced by the BTS.11 Amoxicillin is considered the antibacterial of first choice for empirical oral therapy in children under 5 years of age because it is effective against the majority of causative organisms. Alternatives are amoxicillin with clavulanic acid, cefaclor, erythromycin, clarithromycin, or azithromycin. Macrolides should be given as first-line empirical therapy in children over 5 years since M. pneumoniae pneumonia is more prevalent in older children. Macrolides should also be used in children of any age if either M. pneumoniae or C. pneumoniae are suspected. Amoxicillin should be used as first-line treatment at any age if Str. pneumoniae is thought to be the likely pathogen. If Staph. aureus is suspected then a macrolide or a combination of flucloxacillin with amoxicillin is appropriate. Intravenous therapy should be given in severe infection or when the child is unable to absorb oral antibacterials, for example due to vomiting; appropriate intravenous drugs for severe pneumonia include amoxicillin with clavulanic acid, cefuroxime, or cefotaxime. If the causative organism is known to be Str. pneumoniae a penicillin may be used alone. Chlamydia trachomatis is another common cause in infants up to 3 months of age for which erythromycin may be used or, alternatively, sulfafurazole. 

Pneumonia in neonates is usually due to organisms acquired from the mother's genital tract, especially group B streptococci, Escherichia coli, and Klebsiella pneumoniae; initial treatment with gentamicin and benzylpenicillin or ampicillin has been suggested. For prophylaxis against group B streptococci in neonates, see under Perinatal Streptococcal Infections, 
. 

Similar guidelines for the empirical management of CAP in children have been developed in South Africa.15 Additional recommendations have been made to take into account the high prevalence of HIV infection. The drug of choice is amoxicillin; although standard doses of amoxicillin will treat most cases of pneumococcal pneumonia the use of high-dose amoxicillin (30 mg/kg given 3 times daily) is recommended in order to overcome and limit the emergence of resistant pneumococci, and to successfully treat those few children with high-level pneumococcal resistance the following additional factors should be considered: 

children younger than 2 months have more Gram-negative infections and therefore need an intravenous aminoglycoside or an intravenous cephalosporin, while children older than 5 years have more infections caused by M. pneumoniae and C. pneumoniae and need a macrolide (erythromycin, clarithromycin, or azithromycin) 

HIV-infected children requiring hospitalisation and those with a high risk of being HIV-infected or who have symptomatic HIV disease or who are severely malnourished should be given an aminoglycoside plus their empirical antibacterial regimen; alternatively they may be given a regimen that provides effective treatment against Gram-negative bacteria 

if pneumocystis pneumonia is suspected, co-trimoxazole should be added. All hospitalised HIV-exposed children less than 6 months of age should be treated empirically with co-trimoxazole, unless HIV infection status is negative and the child is not being breast-fed. Empirical treatment with co-trimoxazole plus amoxicillin and an aminoglycoside should also be given to older HIV-infected children with features of AIDS who are not on co-trimoxazole prophylaxis 

when Staph. aureus is suspected, cloxacillin is the drug of choice. In HIV-infected children, about 60% of community-acquired Staph. aureus may be resistant to cloxacillin and vancomycin should be given 

For the prevention of CAP, pneumococcal (
) and influenza (
) vaccines are generally recommended for active immunisation of individuals considered to be at high risk of pneumonia-related complications.8,12 However, a meta-analysis19 of pneumococcal vaccination in adults (with unconjugated vaccine) has suggested that the practice may not effectively prevent pneumonia, even in high-risk populations. The role of influenza vaccination in reducing the risk of CAP in elderly, immunocompetent patients has also been questioned.20 

Hospital-acquired and healthcare-associated pneumonia. Pneumonia occurring at least 48 hours after hospital admission that was not incubating at initial presentation is termed nosocomial or hospital-acquired pneumonia (HAP). Ventilator-associated pneumonia (VAP) is a specific subtype of HAP defined as pneumonia occurring at least 48 hours after endotracheal intubation and/or mechanical ventilation, usually resulting from aspiration of pathogenic material that colonises the oropharynx. While early-onset HAP (occurring within the first 4 days of hospital admission) is usually caused by typical community organisms, late-onset infection can be caused by a wide spectrum of possible pathogens, many of which may be resistant to multiple antibacterials; these can include opportunistic Gram-negative bacilli such as Ps. aeruginosa, Acinetobacter spp., Stenotrophomonas maltophilia, Burkholderia cepacia, and the Enterobacteriaceae, as well as Staph. aureus. More recently, an increased incidence of these potentially drug-resistant bacteria among patients with early-onset pneumonia, thought to be a consequence of previous hospital stays or antibacterial use, has led to the concept of healthcare-associated pneumonia (HCAP). This is pneumonia occurring in any patient who has been hospitalised for at least 2 days in the previous 3 months, lives in a long-term care or nursing facility, has received intravenous antibacterials, chemotherapy, or wound care in the previous month, or attends a hospital or haemodialysis clinic.21,22 The spectrum of bacteria causing HCAP is similar to late-onset HAP, and patients are considered to be at high risk of multidrug-resistant infection. Other risk factors for multidrug-resistant pneumonia include immunosuppressive disease or therapy, and high frequency of antibacterial resistance within the community or specific hospital unit. 

Broad spectrum antibacterial therapy is essential for treatment of HAP and HCAP, and most initial therapy is empirical. As in the treatment of CAP, selection of antibacterials must be localised. For initial empirical treatment of early-onset HAP or VAP in patients with no known risk factors for multidrug-resistant pathogens, and any disease severity, ATS recommends21 the following drugs: ceftriaxone; levofloxacin, moxifloxacin, or ciprofloxacin; ampicillin/sulbactam; or ertapenem. Where there is late-onset infection or risk factors for multidrug resistance (including possible HCAP) the following are recommended: an antipseudomonal cephalosporin (cefepime or ceftazidime) or an antipseudomonal carbapenem (imipenem or meropenem) or piperacillin-tazobactam together with an antipseudomonal fluoroquinolone (ciprofloxacin or levofloxacin) or an aminoglycoside (amikacin, gentamicin, or tobramycin); if MRSA is likely then linezolid or vancomycin should also be used. Intravenous therapy should be given to all patients initially, and changed to the oral or enteral route as soon as possible. Efforts should be made to shorten the duration of therapy from the traditional 14 to 21 days to as little as 7 days provided Ps. aeruginosa is absent and that the patient shows a good clinical response. Guidelines for the management of HAP, VAP, and HCAP have also been issued in the UK,22 and emphasise the need to choose initial antibacterial therapy based on patient-specific factors (such as previous antibacterial use, length of hospital stay, and comorbidities) as well as local microbiology and resistance patterns. For intensive care patients requiring mechanical ventilation for 48 hours or more, selective decontamination of the digestive tract (see under Intensive Care, 
) is recommended to reduce the risk of VAP. 

Immunocompromised patients. Immunosuppressed patients are at increased risk of pneumonia. In addition to the bacteria mentioned above they are susceptible to opportunistic infections with Mycobacterium tuberculosis (see Tuberculosis, 
); viruses such as CMV and fungi, in particular Pneumocystis jirovecii (see 
), are also causes of pneumonia in these patients. 

Aspiration pneumonia. Aspiration of organisms present in the upper respiratory tract into the lungs, often as a result of loss of consciousness or difficulty in swallowing, can cause aspiration pneumonia.23 When community acquired the organisms responsible are mainly anaerobes, but in hospital-acquired aspiration pneumonia Gram-negative bacilli and Staph. aureus are also found. Confusion has arisen over the term 'aspiration pneumonia' because it has also been applied more generally to aspiration, for example, of gastric acid (Mendelson's syndrome), resulting in chemical pneumonitis and not associated with bacterial infection. Lung abscess generally characterises late-stage aspiration pneumonia involving anaerobic bacteria. The aetiology is rarely established, but specific anaerobic bacteria involved include Peptostreptococcus, Prevotella melaninogenica (Bacteroides melaninogenicus), and Fusobacterium nucleatum. Nearly all patients with anaerobic pulmonary infections are treated empirically. Some23 workers have expressed the view that penicillin and clindamycin are inadequate and that antibacterials with activity against Gram-negative organisms, such as third-generation cephalosporins, fluoroquinolones, and piperacillin are usually required even in community-acquired aspiration pneumonia. Most patients with lung abscess receive parenteral therapy until they become afebrile and show clinical improvement; oral therapy may then continue for weeks or months if necessary. 
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For further information on the substances mentioned above, see:

· Amikacin, 

· Aminoglycosides (see Gentamicin, 
) 

· Amoxicillin, 

· Ampicillin, 

· Azithromycin, 

· Aztreonam, 

· Benzylpenicillin, 

· Cefaclor, 

· Cefepime, 

· Cefoperazone, 

· Cefotaxime, 

· Cefpodoxime, 

· Cefprozil, 

· Ceftazidime, 

· Ceftriaxone, 

· Cefuroxime, 

· Ciprofloxacin, 

· Clarithromycin, 

· Clavulanic Acid, 

· Clindamycin, 

· Cloxacillin, 

· Co-trimoxazole, 

· Doxycycline, 

· Ertapenem, 

· Erythromycin, 

· Flucloxacillin, 

· Fluoroquinolones (see Ciprofloxacin, 
) 

· Gatifloxacin, 

· Gemifloxacin, 

· Gentamicin, 

· Imipenem, 

· Levofloxacin, 

· Linezolid, 

· Meropenem, 

· Monobactams (see Aztreonam, 
) 

· Moxifloxacin, 

· Piperacillin, 

· Sulbactam, 

· Sulfafurazole, 

· Tazobactam, 

· Teicoplanin, 

· Tetracycline, 

· Tobramycin, 

· Vancomycin, 
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