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Nosocomial pneumonia or hospital-acquired pneumonia (HAP) causes considerable morbidity and mortality.Abstract
It is the second most common nosocomial infection and the leading cause of death from hospital-acquired
infections. In 1996 the American Thoracic Society (ATS) published guidelines for empirical therapy of HAP.
This review focuses on the literature that has appeared since the ATS statement. Early diagnosis of HAP and its
etiology is crucial in guiding empirical therapy. Since 1996, it has become clear that differentiating mere
colonization from etiologic pathogens infecting the lower respiratory tract is best achieved by employing
bronchoalveolar lavage (BAL) or protected specimen brush (PSB) in combination with quantitative culture and
detection of intracellular microorganisms. Endotracheal aspirate and non-bronchoscopic BAL/PSB in combina-
tion with quantitative culture provide a good alternative in patients suspected of ventilator-associated pneumo-
nia. Since culture results take 2–3 days, initial therapy of HAP is by definition empirical. Epidemiologic studies
have identified the most frequently involved pathogens: Enterobacteriaceae, Haemophilus influenzae, Strepto-
coccus pneumoniae and Staphylococcus aureus (‘core pathogens’). Empirical therapy covering only the ‘core
pathogens’ will suffice in patients without risk factors for resistant microorganisms. Studies that have appeared
since the ATS statement issued in 1996, demonstrate several new risk factors for HAP with multiresistant
pathogens. In patients with risk factors, empirical therapy should consist of antibacterials with a broader
spectrum. The most important risk factors for resistant microorganisms are late onset of HAP (≥5 days after
admission), recent use of antibacterial therapy, and mechanical ventilation. Multiresistant bacteria of specific
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interest are methicillin-resistant S. aureus (MRSA), Pseudomonas aeruginosa, Acinetobacter
calcoaceticus-baumannii, Stenotrophomonas maltophilia and extended-spectrum β-lactamase (ESBL)-produc-
ing Enterobacteriaceae. Each of these organisms has its specific susceptibility pattern, demanding appropriate
antibacterial treatment. To further improve outcomes, specific therapeutic options for multiresistant pathogens
and pharmacological factors are discussed. Antibacterials developed since 1996 or antibacterials with renewed
interest (linezolid, quinupristin/dalfopristin, teicoplanin, meropenem, new fluoroquinolones, and fourth-genera-
tion cephalosporins) are discussed in the light of developing resistance.

Since the ATS statement, many reports have shown increasing incidences of resistant microorganisms.
Therefore, one of the most important conclusions from this review is that empirical therapy for HAP should not
be based on general guidelines alone, but that local epidemiology should be taken into account and used in the
formulation of local guidelines.

Nosocomial pneumonia or hospital-acquired pneumonia (HAP) (pulmonary edema). Consequently, in only one-third of all ICU
causes considerable morbidity and mortality. It is the second most patients with pulmonary infiltrate is pneumonia thought to be the
common nosocomial infection and the leading cause of death from underlying etiology.[9,10] On the other hand, the absence of pulmo-
hospital-acquired infections.[1] Because diagnostic criteria differ nary infiltrates on the chest radiograph does not exclude pneumo-
considerably between various studies, only estimates of morbidity nia.[11] The clinical pulmonary infection score (CPIS) can be
and mortality rates are available. The overall incidence of HAP is helpful in supporting the clinician in identifying patients with
estimated to be between five and ten cases per 1000 hospital HAP. The score is calculated from temperature readings, leuko-
admissions, increasing 6- to 20-fold in mechanically ventilated cyte counts, purulence of tracheal secretions, oxygenation (partial
patients.[2-4] Up to 28% of patients who develop pneumonia in a pressure of oxygen in arterial blood [PaO2]/fraction of inspired
general ward require transfer to an intensive care unit (ICU).[5] oxygen [FIO2] ratio), aspects of pulmonary radiography, progres-
Crude mortality rates for HAP range from 10% to 50%, with sion of pulmonary infiltrate, and quantitative culture of tracheal
highest risks for ventilator-associated pneumonia (VAP). Esti- aspirate (see also section 3.2 and section 4).
mates of mortality rates directly attributable to HAP are up to By consensus HAP is defined as pneumonia occurring ≥48
30%.[6-8]

hours after hospital admission but excluding any infection that is
Because HAP constitutes a major clinical entity, the American incubating at the time of admission.[4] Empirical antimicrobial

Thoracic Society (ATS) published a consensus statement in 1996 therapy for HAP is based on epidemiological studies and designed
describing the current ideas of that time about empirical antimicro- specifically to cover microorganisms causing HAP. Therefore,
bial therapy. Since 1996, a large body of research on diagnosis and successful empirical therapy greatly relies on an accurate diagno-
treatment of HAP has appeared in the literature, especially regard- sis of HAP and its etiology.
ing the use of bronchoscopic techniques in identifying etiologic

In the pathogenesis of HAP, microaspiration of a small quantity
pathogens of HAP in individual patients, which has increased our

of oropharyngeal secretion, previously colonized with potential
knowledge of the etiology of HAP. That knowledge forms the

pathogenic bacteria, is the most common route of entry of patho-
basis for the design of empirical therapy. The aim of this review is

gens into the lower respiratory tract. Bacteria colonizing the
to further rationalize the approach to empirical therapy and focus

oropharyngeal epithelial lining of hospitalized patients may be
on relevant research that has appeared since the ATS statement.

part of the patient’s endogenous flora, or may originate from other
patients, hospital personnel, or environmental sources.[12-15] The1. Diagnosis Before Empirical Therapy
risk of colonization of the oropharynx and upper respiratory tract

In general, pneumonia is diagnosed by the presence of a new by yeast or potentially pathogenic bacteria increases with the
lung infiltrate plus evidence that this infiltrate is of infectious duration of hospital stay and is found in up to approximately 90%
origin. An infection is suspected if fever occurs together with of intubated patients.[16-18] Moreover, the risk that this colonization
purulent sputum and leukocytosis. However, several noninfectious encompasses resistant pathogens also increases. Especially in crit-
causes can mimic pneumonia and should be ruled out: atelectasis, ically ill patients or patients on mechanical ventilation, once
acute respiratory distress syndrome (ARDS), adverse drug reac- microaspiration has occurred, secretions are insufficiently elimi-
tions, pulmonary thromboembolism, pulmonary hemorrhage, pul- nated from the lower respiratory tract, which can lead to the
monary fibrosis, lung carcinoma and congestive heart failure development of pneumonia.[19] As a result, it can be very difficult
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to differentiate colonizing pathogens in respiratory specimens benefit of the diagnostic procedure (e.g. refractory cases of HAP).
from pathogens that are involved in active invasive infection. Alternatively, a diagnostic BAL or PSB in patients currently

receiving antibacterial therapy can be performed, but the resultsMicrobiology of HAP is crucial for making the diagnosis and
should be interpreted with caution.[32-34]initiating optimal therapy. Culture and Gram stain examination of

expectorated sputum from patients with community-acquired Although bronchoscopically obtained quantitative BAL or PSB
pneumonia (CAP) can identify the etiologic pathogen with reason- seem to offer maximal diagnostic reliability, in several studies
able sensitivity and specificity. Most bacterial pathogens of CAP other less invasive techniques have shown comparable sensitivity
are easily differentiated from the normal oropharyngeal flora that and specificity in diagnosing HAP.[35,36] In patients with an endo-
inevitably is found in most cultures of expectorated sputum. In tracheal tube, techniques that can be considered as alternatives to
contrast, culture of expectorated sputum from hospitalized patients bronchoscopic techniques are endotracheal aspirate and non-bron-
suspected of having bacterial HAP is frequently contaminated by choscopic BAL/PSB in combination with quantitative culture. A
colonizing microorganisms of the upper and lower respiratory major advantage is that these techniques can be employed by non-
tract. Although colonization of the upper respiratory tract by bronchoscopists and are less expensive. However, a major disad-
enteric Gram-negative bacteria is recognized as a risk factor for vantage of these techniques is the potential sampling error as a
developing HAP,[20-23] a positive sputum culture does not differen- result of the blind technique without airway visualization. When
tiate between colonization and the etiologic pathogen of HAP in using endotracheal aspirates, mere tracheal colonization is differ-
any given patient. In non-intubated and non-critically ill patients a entiated from positive cultures resulting from pneumonia by
sputum culture can, at most, identify suspected pathogens and means of a certain cut-off value of the number of microorganisms
their resistance pattern, but lacks sensitivity and specificity to per volume. However, if a cut-off of 106 cfu/mL is used many
identify the etiologic microorganism of HAP. Since colonization

patients may not be identified (false-negative sampling).[37] On the
of the upper respiratory tract is most frequently found in critically

other hand, diagnosing HAP with a lower cut-off value would
ill or intubated patients, and because HAP in these groups is a life-

result in unnecessary treatment of patients without HAP (false
threatening infection, a more reliable diagnostic sampling is

positives). Similarly, during non-bronchoscopic BAL or PSB the
needed in these patients.

catheter is inserted blindly into the respiratory tract with the risk
Several bronchoscopic techniques for collection of secretions that microbiologic samples are obtained from unaffected segments

from the lower respiratory tract in patients suspected of VAP have of the lung, yielding false-negative cultures in patients with
been under evaluation for many years now. Since the 1996 ATS HAP.[38]

statement many reports have appeared about the diagnostic value
The diagnostic technique for HAP that is of best value inof bronchoscopic techniques for endobronchial microbiological

clinical decision-making probably depends mostly on the localsampling. Although consensus about which technique can be best
situation. For bronchoscopic BAL or PSB to be of superior qualityemployed to diagnose VAP is lacking, both protected specimen
a hospital needs experienced bronchoscopists, a sufficientlybrush (PSB) and bronchoalveolar lavage (BAL) in combination
equipped microbiology laboratory, the appropriate patient popula-with quantitative culture have shown good results in diagnosing
tion and, above all, physicians who are willing to respond to theVAP.[24] Although most studies using invasive techniques in diag-
outcome: stop antibacterial treatment when confronted with anosing HAP do so in patients suspected of VAP, bronchoscopic
negative culture. Each hospital should devise a diagnostic protocoltechniques may also play a crucial role in adapting antimicrobial
for HAP that is the most accurate and the most practical, knowingtherapy in non-mechanically ventilated patients suspected of
the pitfalls of the chosen technique.HAP.[25]

Quantitative culturing can help to differentiate HAP from non-Quantitative cultures were usually defined as bacterial growth
infectious lung infiltrates, but definite results cannot be expectedof the etiologic pathogen of >103 cfu/mL for PSB or >103–4 cfu/
before 48 hours after sampling. Alternatively, microscopic exami-mL for BAL.[26-31] Also, in a meta-analysis including 26 studies,
nation of Gram-stained samples of BAL can give early clues ofPSB and BAL were both found to be reliable techniques to
HAP. The detection of intracellular organisms in thediagnose bacterial HAP.[32] However, no technique can reliably
polymorphonuclear leukocytes (PMNLs) and/or macrophagesdiagnose HAP for a patient already receiving antibacterial ther-
of BAL has been correlated to VAP with variable sensitivi-apy.[32-34] One study has demonstrated that antibacterial therapy
ty.[24,34,38-43] Most studies used a cut-off of ≥5% of the cellsshould be discontinued for at least 48 hours to obtain reliable
positive for intracellular microorganisms. Although the Gramspecimens by PSB, BAL, protected BAL, or endobronchial aspira-
stain can be used for rapid diagnosis of VAP, adjustment oftion.[33] The risk of discontinuation of therapy should outweigh the
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empirical therapy should be postponed until definite results of the with early onset (table I); (ii) mild to moderate HAP with risk
quantitative culture are determined.[28,44] factors, onset any time (table II); and (iii) severe HAP with risk

factors, early onset, or severe HAP with late onset (table III). AllBesides culturing of respiratory specimens, blood cultures and
treatment groups are based on the different risk factors associatedantigen tests should also be considered. Although only a minority
with certain pathogens.of HAP patients produce positive blood cultures, these can help

identify the causative pathogen in HAP. Similarly, pneumococcal Enterobacteriaceae, Haemophilus influenzae, S. pneumoniae
urinary antigen tests can be helpful in cases of Streptococcus and Staphylococcus aureus are considered to be core pathogens;
pneumoniae HAP.[45,46] However, although both techniques may these microorganisms are most frequently isolated and should be
be supportive in identifying the causative microorganism of HAP, covered by empirical therapy in any patient suspected of having
they do not support the diagnosis of pneumonia. HAP (table I). However, when choosing empirical therapy for

individual patients, risk factors linked to the emergence of mul-
2. Pathogens Associated with Hospital-Acquired tiresistant bacteria need to be screened for. If a patient is at risk for
Pneumonia (HAP) certain resistant microorganisms, empirical therapy needs to be

adjusted to achieve adequate antimicrobial activity (tables II andSince microbiological identification of possible pathogens and
III).their susceptibility pattern takes 2–3 days, initial antimicrobial

Drug-resistant organisms that are of major concern in choosingtherapy is, by definition, empirical. Even if respiratory culture
empirical therapy of HAP are methicillin-resistant S. aureusresults are available from before the onset of HAP, these are of
(MRSA), Pseudomonas aeruginosa, Acinetobacter calcoaceticus-limited value in guiding initial antimicrobial therapy decisions for

patients with suspected VAP; in one study all the organisms baumannii, Stenotrophomonas (Xanthomonas) maltophilia and
ultimately responsible for pneumonia were recovered from only extended-spectrum β-lactamase (ESBL)-producing Enterobacter-
35% of the specimens taken a median of 8 days before onset of iaceae. Each of these organisms has its specific susceptibility
pneumonia.[47] pattern, demanding appropriate antibacterial treatment. Several

studies have demonstrated that inappropriateness of initial empiri-The choice of empirical antimicrobial therapy is a balance
between broad-spectrum antibacterial treatment with activity cal antibacterial treatment is significantly associated with an in-
against a wide range of etiologic bacteria, and antibacterial treat- creased mortality.[48] Consequently, initial empirical therapy
ment with very selective activity, which minimizes adverse reac- should cover all drug-resistant bacteria that can be expected in
tions and the development of antibacterial resistance. To achieve association with certain risk factors. However, most risk factors
this, empirical therapy is aimed at the most frequently isolated associated with developing HAP with resistant organisms are
bacteria in HAP. However, certain patients are at risk for HAP nonspecific and do not inform the clinician as to what specific
with resistant pathogens. Consequently, if risk factors for resistant resistant organism the patient is at risk from. Based on epidemio-
pathogenic organisms exist, extended-spectrum antibacterial ther- logic data describing organism-related prevalences, a risk profile
apy is recommended. can be outlined and empirical therapy can be adjusted accordingly.

The incidence of specific resistant organisms varies greatly fromIn 1996 the ATS published guidelines for empirical therapy of
country to country and even from one hospital to another.[49] ForHAP in a consensus statement.[4] Based on the literature of that
example, S. maltophilia infections are infrequent, except duringtime, the most likely pattern of bacterial pathogens of HAP was
outbreaks. As a result, optimal empirical therapy can only beassessed. The statement defines three treatment groups: (i) mild to
achieved if up-to-date local epidemiology is taken into account.moderate HAP without risk factors, onset any time, or severe HAP

Table I. Empirical antibacterial therapy for mild to moderate hospital-acquired pneumonia (HAP) without risk factors and onset at any time or severe HAP
with early onset

American Thoracic Society (ATS) statement Suggested changes to the ATS statement

core organisms core antibacterials

Enterobacteriaceae, Enterobacter spp., Second- or non-pseudomonal third- Ciprofloxacin (also consider levofloxacin or moxifloxacin)
Escherichia coli, Klebsiella spp., Proteus generation cephalosporin or for patients allergic to peniciliin
spp., Serratia marcescens, Haemophilus β-lactam/β-lactamase inhibitor combination;
influenzae, methicillin-sensitive fluoroquinolone or clindamycin +
Staphylococcus aureus, Streptococcus aztreonam if allergic to penicillin
pneumoniae
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Table II. Empirical antibacterial therapy for mild to moderate hospital-acquired pneumonia (HAP) with risk factors and onset at any time

ATS statement Suggested changes to the ATS statement

core organisms plus core antibacterials plus

Anaerobes (recent abdominal surgery, Clindamycin or β-lactam/β-lactamase inhibitor Clindamycin plus metronidazole
witnessed aspiration)

Staphylococcus aureus (coma, head Vancomycin until MRSA is ruled out Linezolid or quinupristin/dalfopristin or teicoplanin
trauma, diabetes mellitus, renal failure)

Legionella pneumophila (high-dose Erythromycin ± rifampin (rifampicin) Ciprofloxacin, levofloxacin or moxifloxacin or new
corticosteroids) macrolide (e.g. azithromycin)

Pseudomonas aeruginosa (prolonged Treat as severe HAP (see table III)
ICU stay, corticosteroids, antibacterials,
structural lung disease)

ATS = American Thoracic Society; ICU = intensive care unit; MRSA = methicillin-resistant S. aureus.

Adequacy of initial antimicrobial therapy is not the only deter- most HAPs occurring before that time are caused by one of the
mining factor for outcome. Several studies have shown that mul- core pathogens.[4,52]

tidrug-resistant microorganisms are associated with higher levels Since 1996 several publications have appeared on microbiolo-
of mortality. However, only a few studies have adjusted for gy of early- versus late-onset HAP, all applying bronchoscopic
comorbidity or the severity of underlying disease. Rello et al.[50]

sampling techniques (BAL/PSB) in combination with quantitative
found that even if initial antimicrobial therapy was active against cultures to identify ‘real’ cases of pneumonia. However, most
P. aeruginosa, this organism was associated with an excess of studies were performed in patients admitted to an ICU and on
mortality that could not be attributed to the severity of the underly-

mechanical ventilation. In an ICU study by George et al.[18] of 28
ing disease alone. Similarly, in a prospective case-control study

patients with VAP, late-onset VAP was defined as pneumonia
Bercault and Boulain[51] identified 92 cases of HAP with sensitive,

developing after >5 days of mechanical ventilation. S. pneumoniae
and 43 with multiresistant, etiologic pathogens. The latter group

and Haemophilus spp. predominated in early-onset VAP and
was significantly and independently associated with an increased

Pseudomonas spp. and MRSA in late-onset VAP. MRSA was only
mortality. Thus, multiresistant organisms are more than just resis-

found in late-onset cases of VAP. However, prior use of an-
tant to certain antibacterials and, consequently, identifying risk

tibacterials can lead to selection of resistant strains. This was not
factors associated with their presence is crucial in selecting the

corrected for and may have influenced the outcome of this study.
most vigorous empirical therapy.

In another prospective study of 135 episodes of VAP, the use of
Risk factors for resistant pathogenic organisms are: (i) the

broad-spectrum antibacterials prior to developing VAP was cor-
length of hospital stay before the occurrence of HAP; (ii) prior

rected for; results indicated that drug-resistant bacteria were inde-
antibacterial therapy; (iii) severity of the pneumonia; (iv) presence

pendently associated with the duration of mechanical ventila-
of co-existing illness; (v) microorganism-specific risk factors; and

tion.[53] Multiresistant bacteria (non-fermenting enteric Gram-neg-
(vi) unsuspected resistant pathogens (table IV).

ative bacteria and/or MRSA) were not found before day 7 of
mechanical ventilation. In a study by Rello et al.,[49] 9 of 89

2.1 Length of Hospital Stay episodes of VAP occurring before day 7 of mechanical ventilation
were caused by multiresistant bacteria. However, P. aeruginosa
was found in three patients, all experiencing COPD. COPD is aProbably the most important risk factor for resistant etiologic
known risk factor for VAP with P. aeruginosa. Therefore, empiri-pathogens of HAP is prolonged stay in a hospital. Analogous to the
cal therapy for patients with COPD should include anti-ongoing process of colonization of the respiratory tract with poten-
pseudomonal coverage, especially in patients with a long-termtial pathogens, HAP occurring later during hospital admission is
history of COPD with recurrent use of antibacterials. The other sixcorrelated to an increased risk for resistant pathogens obtained
episodes of VAP were caused by Acinetobacter baumannii. Thesefrom the hospital environment.[18] Consequently, the ATS advises
cases were all found in two specific hospitals with a high preva-differentiation between early-onset and late-onset HAP. The ATS
lence of these bacteria. Again, this emphasizes that each hospitaldefines early-onset HAP as pneumonia occurring within 5 days of
should be aware of local epidemiology of multiresistant bacteria.admission and late-onset HAP as pneumonia occurring ≥5 days
In hospitals with a high prevalence, empirical therapy should beafter admission. The fifth day is taken as the ‘cut-off’ because
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adapted accordingly, especially in patients with severe HAP and is associated with HAP caused by multiresistant bacteria. A few
those at increased risk of resistant bacteria. studies that appeared prior to the ATS statement suggested that

In a prospective comparative analysis of 3668 ICU patients, HAP developing after antibacterial treatment was more likely to
Ibrahim et al.[54] identified 235 patients with early-onset HAP (≤96 be caused by multiresistant pathogens.[58-60] In the study by Rello
hours of ICU admission) and 185 patients with late-onset HAP. et al.[60] in 1993, from analysis of 129 consecutive episodes of
P. aeruginosa was the only pathogen found significantly more VAP it was concluded that prior use of antibacterials was associat-
frequently in patients with late-onset HAP compared with early- ed with a significantly greater mortality. Further logistic regres-
onset HAP. However, P. aeruginosa was isolated from patients sion analysis established that this was only independently related
with early-onset HAP in greater numbers than expected and differ- to the presence of multiresistant pathogens. Although confounding
ences between both groups were small: 25% and 38% in early- and factors were adjusted for, this study included many patients with a
late-onset HAP, respectively. P. aeruginosa was found more fre- history of COPD, which itself is associated with multiresistant
quently in patients with early-onset HAP than would be expected

microorganisms and repeated use of antibacterials.
based on the ATS statement. The authors discussed whether anti-

Several studies appearing after the ATS statement confirmpseudomonal coverage should also be considered in some cases.
these earlier reports. Trouillet et al.[53] conducted a study in 1998,However, this study defined the onset in relation to time of ICU
analyzing 135 consecutive episodes of VAP. In this study prioradmission (early-onset HAP was pneumonia occurring within the
antibacterial use was also identified as an independent variablefirst 96 hours of ICU admission), in contrast to the ATS, which
associated with VAP caused by potentially resistant bacteria.defined the onset in relation to the time of hospital admission.[54] In
Moreover, not only the presence or absence of antibacterial ther-this study more than 50% of early-onset HAP was caused by
apy before the onset of pneumonia, but also the specific use ofP. aeruginosa, MRSA, S. maltophilia, Enterobacter spp. and

Acinetobacter spp. The high incidence of multiresistant bacteria broad-spectrum antibacterial agents such as third-generation
was because of hospitalization prior to ICU admission. These cephalosporins, imipenem, or fluoroquinolones, was independent-
studies demonstrate that the definition of early- and late-onset ly related to antimicrobial resistance of VAP. Moreover, in 2002
HAP should not be based exclusively on time of admission to an Trouillet et al.[61] demonstrated by multivariate analysis that not
ICU. Since colonization of the respiratory tract commences at only was the occurrence of P. aeruginosa linked to previous
admission to the hospital, this also defines the time of onset. antibacterial use, but that the occurrence of piperacillin-resistant
Although mechanical ventilation is a risk factor for the develop- strains of P. aeruginosa could also be linked to prior antibacterial
ment of HAP, it also seems to enhance the colonization process of use, especially that of fluoroquinolone. Since piperacillin is a
resistant pathogens.[55] Therefore, the time a patient has been on major empirical antipseudomonal drug, in patients having re-
mechanical ventilation should also be taken in account when ceived fluoroquinolones prior to the development of HAP, empiri-
assessing the risk for HAP with resistant microorganisms. cal therapy for HAP with risk factors should not include piperacil-

lin.[61] Moreover, after having received fluoroquinolones prior to
2.2 Prior Antibacterial Therapy

the onset of HAP, these antibacterials should also be avoided in
empirical therapy since the existence of fluoroquinolone-resistantPrior use of antibacterials has previously been linked to the
P. aeruginosa is to be expected.development of HAP.[56,57] Moreover, prior antibacterial treatment

Table III. Empirical antibacterial therapy for severe hospital-acquired pneumonia (HAP) with risk factors and early onset or severe HAP with late onset

According to the ATS statement Suggested changes to the ATS statement

core organisms plus therapy

Pseudomonas aeruginosa, Aminoglycoside or ciprofloxacin plus one Cefpirome or cefepime or meropenem
Acinetobacter species of the following: antipseudomonal

penicillin, β-lactam/β-lactamase inhibitor,
ceftazidime, cefoperazone, imipenem,
aztreonam

Consider Stenotrophomonas Trimethoprim/sulfamethoxazole (cotrimoxazole) plus ticarcillin/
maltophilia clavulanic acid

Consider MRSA Vancomycin Linezolid or quinupristin/dalfopristin or teicoplanin

ATS = American Thoracic Society; MRSA = methicillin-resistant Staphylococcus aureus.
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Table IV.  Risk factors for resistant etiologic pathogens in hospital-acquired pneumonia

Risk factor Comments

Length of hospital stay Late onset of HAP: ≥5 days after hospital admission

Prior antibacterial therapy Antibacterials used before onset of HAP should be avoided in empiric therapy

Severity of the pneumonia Need for ICU admission
Respiratory failure (need for mechanical ventilation or >35% oxygen)
Severe abnormalities on chest radiography
Septic shock (hypotension, oliguria/anuria, acute renal failure)

Co-existing illness COPD: Pseudomonas aeruginosa
Diabetes mellitus: Staphylococcus aureus
Immunocompromised hosts: Candida, yeast, bacteria of low virulence, Pneumocystis carinii(P.
jiroveci)

Microorganism-specific risk factors P. aeruginosa: corticosteroid therapy, malnutrition, structural lung disease (bronchiectasis,
cystic fibrosis, COPD), mechanical ventilation, emergency intubation, aspiration and Glasgow
coma score of ≤9
Acinetobacter baumannii: neurosurgery, head trauma, ARDS, aspiration
Stenotrophomonas maltophilia: tracheostomy, prior therapy with fourth-generation
cephalosporins, trauma and lung contusion
MRSA: prior antibacterials (levofloxacin, macrolides), previous hospitalization, enteral feedings,
surgery and prolonged length of stay
ESBL: intubation, prior antibacterial therapy, central venous catheter
Anaerobes: orotracheal intubation, observed aspiration, altered level of consciousness, higher
disease severity, periodontal disease, bronchiectasis, bronchial stenosis

Unsuspected resistant pathogens Legionella pneumophila: positive water system and culture-negative cases of HAP, high-dose
corticosteroid treatment, malignancy, renal failure, neutropenia and cytotoxic chemotherapy
Mycoplasma pneumoniae, Chlamydia pneumoniae and Mycobacterium tuberculosis: long
duration of hospital stay, vicinity of index cases

ARDS = acute respiratory distress syndrome; ESBL = extended-spectrum β-lactamase producers; HAP = hospital-acquired pneumonia; ICU = intensive
care unit; MRSA = methicillin-resistant S. aureus.

The role of previous use of antibacterials becomes even more Analogous to CAP, severe HAP is defined by: (i) the need for
pronounced during outbreaks with multiresistant bacteria. Husni et admission to an ICU; (ii) respiratory failure (need for mechanical
al.[62] showed that during an outbreak with multiresistant ventilation or >35% oxygen); (iii) severe abnormalities on the
Acinetobacter spp., prior use of ceftazidime was significantly chest radiography (progression, multilobarity or cavitation of the
more frequent in patients who developed HAP with this microor- pneumonia); or (iv) severe sepsis with signs of shock (hypoten-
ganism compared with patients without HAP.[62] Similarly, during sion, oliguria/anuria, acute renal failure requiring dialysis).[4] Se-
an outbreak with MRSA, patients who developed HAP with vere sepsis should be defined by clinical parameters and not by the
MRSA had received prior antibacterials significantly more often presence of bacteremia. Although blood cultures should always be
than patients who developed HAP with methicillin-susceptible drawn in patients with serious infections, the presence of bacter-
S. aureus (MSSA) infection.[63] emia does not predict complications, is not related to the length of

stay, and does not identify patients with more severe illness in
2.3 Severity of the Pneumonia HAP.[64] Mild or moderate HAP is less clearly defined. Patients

who do not need mechanical ventilation, >35% oxygen, intensiveThe ATS guidelines for empirical therapy make a distinction
care treatment and do not show signs of septic shock shouldbetween patients with mild to moderate HAP and patients with
generally be considered as mild. In addition, several scoringsevere HAP. When severe HAP occurs within 5 days of admission,
systems can help to distinguish mild from severe cases (e.g.it is likely to be caused by a ‘core pathogen’. Therapy should be
APACHE [Acute Physiology and Chronic Health Evaluation] II,directed against H. influenzae and MSSA, but not against the
SAPS [Simplified Acute Physiological Score] II).[65]

highly resistant enteric Gram-negative bacteria, P. aeruginosa or
Few studies have examined the risk factors that determine theAcinetobacter spp. In contrast, if severe HAP occurs ≥5 days after

admission the more resistant microorganisms may be involved. relationship between severity of pneumonia and outcome. In 1997,

© 2006 Adis Data Information BV. All rights reserved. Treat Respir Med 2006; 5 (1)



18 Andriesse & Verhoef

Rello et al.[50] showed that crude mortality in patients with tibacterial therapy in neutropenic patients if they become febrile
nosocomial pneumonia appeared to be related to the degree of for any reason.[69] Consequently, especially in neutropenic patients
organ dysfunction at diagnosis rather than to any characteristics of who remain febrile and develop pulmonary symptoms during the
the pneumonia. The presence of resistant pathogens seemed to be course of broad-spectrum antimicrobial therapy, fungal pneumo-
more important than the severity of the pneumonia. Even if the nia should be considered.[70] Although Pneumocystis carinii (P.
initial antibacterial therapy was active against P. aeruginosa, this jirovecii) is best known for infecting HIV-infected patients with
organism was associated with an excess of mortality that could not low CD4 counts (<200/mm3), patients with hematological malig-
be attributed to the severity of the underlying disease alone.[50] nancies, solid tumors, collagen-vascular diseases and transplant

In contrast to what is suggested by the ATS statement, there is recipients are also at risk.[71] Particularly in at-risk patients who
insufficient evidence to establish severity of HAP as an indepen- have a protracted hospital stay, specimens obtained by bronchos-
dent risk factor for resistant pathogens. However, since patients copy should also be tested for P. carinii.
with severe pneumonia are at increased risk of mortality, adequacy
of initial antibacterial therapy may be of utmost importance.

2.5 Microorganism-Specific Risk Factors
Therefore, in patients with severe HAP of early onset, initial
antibacterial treatment with a spectrum against local resistant

Although no single risk factor can accurately predict the occur-
pathogens of high prevalence should be considered.

rence of specific resistant pathogens, the ATS statement does
mention certain circumstances that increase the risk of certain

2.4 Presence of Co-Existing Illness types of resistant bacteria involved in HAP. Since 1996 few
studies have focused on microorganism-specific risk factors.

As mentioned in sections 2.1 and 2.2, COPD is a known risk
Although previous antibacterial treatment and prolonged hospi-factor for VAP with P. aeruginosa as a pathogen. In addition,

tal stay are risk factors for HAP caused by P. aeruginosa (aspatients with any kind of structural lung diseases (e.g. bronchiecta-
discussed in sections 2.1 and 2.2), corticosteroid therapy, malnu-sis and cystic fibrosis) are at risk for multiresistant pathogens,
trition, structural lung disease (bronchiectasis, cystic fibrosis) andespecially P. aeruginosa. The fact that P. aeruginosa is found in a
mechanical ventilation may also increase the risk for P. aerugi-large percentage of these patient groups is possibly explained by
nosa.[4] The ATS statement based the risk factors for P. aerugi-the fact that these microorganisms survive best in humid environ-
nosa on a study by Niederman,[22] which did not investigate casesments, which are found in mucus-retaining bronchiectic pockets.
of HAP but cases of colonization with P. aeruginosa. However,In patients with cystic fibrosis, once P. aeruginosa or Burkholder-
recent data confirm that patients with COPD are at increased riskia cepacia have established in the airways it is almost impossible
for P. aeruginosa HAP, and that this is the strongest risk factorto eradicate them; consequently, 30–40% of patients with cystic
after prior use of antibacterials and prolonged hospital stay.[72]

fibrosis will have long-term pseudomonal infection.[66] Therefore,
Similarly, in 2002 Trouillet et al.[61] identified the presence ofempirical therapy for patients with COPD should include anti-
underlying fatal medical conditions as an independent factor asso-pseudomonal coverage, especially in patients with a long-term
ciated with HAP with P. aeruginosa. In 2000, Akca et al.[73]

history of structural lung disease with recurrent use of antibacteri-
demonstrated in 33 cases of VAP by P. aeruginosa that early-als.
onset HAP can also be caused by these resistant bacteria and thatIn immunocompromised hosts, specific resistant bacteria may
this was significantly associated with emergency intubation, aspi-play a role in developing HAP. S. maltophilia has recently
ration and a Glasgow Coma score of ≤9. However, early-onsetemerged as an important nosocomial pathogen in immunocom-
VAP was defined by the time of intubation and, as a result,promised cancer patients and transplant recipients. Risk analysis
prolonged hospital stay may still be the leading risk factor. Fur-has shown that mechanically ventilated ICU patients receiving
thermore, culture data were based on tracheal aspirates and couldantibacterials, especially carbapenems, are at increased risk of
merely have resulted from colonization of the tube.colonization/infection.[67] Similarly, Legionella spp. have a predi-

The use of mechanical ventilation is associated with P. aerugi-lection for infecting immunocompromised patients, and transplant
nosa and Acinetobacter spp. in particular. One pathogenic mecha-recipients have the highest risk. Moreover, Legionella spp. have
nism described is the difference in adherence by different bacterialbeen the most common cause of nosocomial pneumonia among
species to different catheter surfaces. In contrast to urinary cathe-transplant recipients at selected medical centers.[68] Neutropenic
ters, the role of biofilm in respiratory tube adherence and patho-patients (PMNLs <500/mm3), in particular, are at risk of fungal
genesis of VAP is less clear.[74] Nevertheless, water condensate ininfections. Most guidelines recommend broad-spectrum an-
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the endotracheal tube may favor certain bacterial species such as patients admitted to the hospital or residence in long-term care
P. aeruginosa and Acinetobacter spp. facilities were thought to be at risk of acquiring ESBL-producing

Klebsiella or E. coli. However, Einhorn et al.[91] showed that inIn a study of 148 episodes of VAP, Baraibar et al.[75] demon-
14% of all ESBL cases in Chicago, Illinois, USA, in 2002, thestrated that A. baumannii was independently associated with neu-
infection was acquired in the community by patients who residedrosurgery, head trauma, ARDS and aspiration. In contrast to
at home. Although ESBL-producing bacteria constitute a majorP. aeruginosa or Enterobacteriaceae, in this study A. baumannii
therapeutic problem most reports could not demonstrate an in-seemed not to be related to co-morbid illness, severity of disease,
creased mortality in patients who developed infections with ES-or exposure to antibacterial therapy. However, this study was of
BL-producing organisms compared with patients with  infectionsrelatively small sample size and in 16% of all HAP episodes the
with non-ESBL-producing organisms.[89,92] Consequently, duringbacterial diagnosis remained uncertain, despite invasive broncho-
an outbreak with an ESBL-producing microorganism, patientsscopic techniques. The underlying mechanism of these findings
with HAP are at risk, especially those who have received priorcould not be explained from these results.
antibacterial therapy, and those with late-onset and ventilator-In addition to P. aeruginosa, S. maltophilia has also been
associated HAP.identified as a high-risk pathogen; VAP with S. maltophilia is

associated with increased length of ICU stay and mortality. In In the ATS guidelines thoracoabdominal surgery and witnessed
addition, S. maltophilia carries intrinsic resistance to most antibac- aspiration are pointed out as risk factors for developing HAP with
terials.[76] In a multivariate analysis, patients with tracheostomy, anaerobic microorganisms. This was based on a study by Bartlett
cefepime exposure and severe trauma with lung contusion were et al.[93] performed in 1986 on cultures of pleural effusions, blood
significantly more at risk for S. maltophilia HAP.[77] and nonquantitative cultures of tracheal aspirates. This study needs

Since S. aureus is one of the major pathogens of HAP, MRSA careful interpretation because based on today’s knowledge of
is one of the major concerns in the design of empirical treatment bronchoscopic sampling, the anaerobes found in 35% of cases of
protocols. Although debated for a long time, a recent meta-analy- HAP may well have been the result of sampling of high airway
sis has provided evidence that MRSA is associated with a signifi- colonization.[94] Because of the technical difficulties and relatively
cant increase in mortality in comparison with similar infections high costs, most microbiological laboratories do not routinely
with MSSA.[78] Recent data indicate that the MRSA incidence is employ anaerobic culture techniques for respiratory specimens.
increasing despite recommendations for isolation precautions.[79] However, sometimes even simple measures can improve the diag-
No type of infection has a predilection for MRSA; however, in nosis of anaerobic infections; PSB samples should be transported
contrast to MSSA, prior antibacterials (especially levofloxacin and in thioglycolate instead of saline.[95] Overall, the role of anaerobes
macrolides), previous hospitalization, enteral feeding, surgery and in HAP may be underexposed in the literature. However, a few
length of stay before culture were independently associated with studies have appeared since the ATS statement, using broncho-
MRSA infection.[80] During a 5-year period, Pujol et al.[81] studied scopic sampling techniques and anaerobic culturing. The main
all VAP cases caused by MRSA and found that MRSA caused anaerobic strains isolated were Prevotella melaninogenica (36%),
exclusively late-onset VAP, while MSSA caused both early-onset Fusobacterium nucleatum (17%), and Veillonella parvula (12%).
and late-onset VAP.[81] In patients with HAP who have had prior VAP with anaerobes occurred significantly more often in patients
antibacterial treatment and who are admitted to a hospital with a who were orotracheally intubated than those nasotracheally intu-
high prevalence of MRSA, have a long hospital stay and are on bated and significantly more frequently in early-onset VAP than
mechanical ventilation, empirical treatment should have activity late-onset VAP. Multivariate analysis demonstrated that the pres-
against MRSA. ence of altered levels of consciousness, higher disease severity,

Since the ATS statement in 1996, an increasing number of and admission to the medical ICU were the factors independently
reports have appeared on outbreaks with ESBL-producing Kleb- predisposing to the development of VAP with anaerobes.[96] In
siella spp. or Escherichia coli.[82-85] Non-ESBL-producing Kleb- contrast, Marik and Careau[97] performed a similar study and found
siella spp. and E. coli are generally susceptible to most β-lactam only one anaerobic microorganism in 75 patients with HAP. Also,
antibacterials. In contrast, ESBL-producing strains are resistant to in 12 patients with observed aspiration, no anaerobes were recov-
most β-lactams with the exception of carbapenems. Furthermore, ered from the bronchoscopically obtained samples. Eight years
recently even imipenem-resistant Klebsiella strains have been after the ATS statement, too few studies have appeared to establish
observed.[86,87] Intubation, previous antibacterial therapy, and cen- the exact role of anaerobes in HAP. However, their presence as co-
tral venous catheter insertion have been identified as risk factors pathogens should always be suspected, especially in intubated
for infection with ESBL-producing strains.[88-90] Up to now, only patients or after aspiration. Analogous to CAP, patients with HAP
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and periodontal disease, bronchiectasis or bronchial stenosis (by 3. Antibacterial Treatment of HAP
tumor, stenosis or foreign body) may also be at increased risk for

anaerobic pulmonary infection.[70] In contrast to HAP, the role of 3.1 Empirical Antibacterial Treatment
anaerobes in lung infections is mostly accepted in obstructive

Once the clinical diagnosis of HAP is made and risk factorspneumonia and lung abscess.[70,94] On the other hand, anaerobes
have been assessed, empirical treatment guidelines can be ob-are usually of low virulence and many patients commonly recover
tained using the algorithms that the ATS published in 1996 (seefrom HAP without receiving specific anti-anaerobic therapy.
tables I, II and III). These antibacterial recommendations were
based on well designed, controlled clinical trials whenever possi-

2.6 Uncommon Pathogens Resistant to Empirical Therapy
ble.[4] When sufficient data were lacking, the spectrum of antimi-
crobial activity and pharmacokinetic data were taken into account.

Although relatively rare, nosocomial legionnaires’ disease can All guidelines for empirical therapy are focused on the initial
occur in outbreaks as well as in single patients. As is stated in the treatment of patients with HAP; as soon as possible pathogens are
ATS guidelines, empirical treatment for nosocomial pneumonia identified and antimicrobial susceptibility patterns are available,
does not include specific antibacterials against Legionella empirical therapy should be re-evaluated. Obviously, if suscepti-
pneumophila. As a result, mortality from legionnaires’ disease is bility testing of possible pathogens demonstrates resistance, em-

pirical therapy should be changed to antibacterials with an effec-high in patients who receive inappropriate antibacterial therapy.
tive spectrum of activity. On the other hand, if microbiological testTwo reports by Chang et al.[98] and Goetz et al.[99] demonstrate that
results show susceptible pathogens (e.g. H. influenzae or S.routine environmental cultures play a major role in stimulating the
pneumoniae), empirical therapy must be changed to antibacterialsapplication of Legionella laboratory testing. In both studies posi-
with a narrower spectrum.[104] This should be done not only fortive water-system samples subsequently identified unsuspected
reasons of suppressing global development of antibacterial resis-patients with nosocomial legionnaires’ disease.[99] As this con-
tance, but also to minimize the risk of serious adverse effects of

firms the ATS guideline, clinicians and microbiologists should
broad-spectrum antibacterial therapy such as pseudomembranous

indeed bear in mind the need to also test for legionnaires’ disease
colitis and selection of, and super infection with, multiresistant

in patients with severe or culture-negative HAP. This is especially
bacteria.[105]

true if patients are at risk for legionnaires’ disease during high- The major goal of empirical therapy guidelines is to ensure that
dose corticosteroid treatment, malignancy, renal failure, neutrope- initial antibacterial therapy has sufficient activity against the un-
nia or cytotoxic chemotherapy.[4] In 2000, a study by Stout et known pathogen causing HAP. Inappropriateness of initial
al.[100] revealed that long-term care residents are at risk of acquir- antibacterial treatment is associated with an increased mortali-
ing nosocomial legionnaires’ disease in the presence of a colo- ty.[56,106] Recent studies, based on modern sampling techniques,
nized water system. Consequently, nosocomial legionnaires’ dis- also show that adequacy of initial antibacterial treatment, based on
ease should be suspected if a sudden flare-up of incidence is susceptibility tests, is of great importance for clinical efficacy.

Studying 119 nosocomial infections in four ICUs, Zaidi et al.[107]noted.[12,101,102] Therefore, urine antigen tests for L. pneumophila
found that the major risk factors for mortality were inadequatetype 1 should be readily available if even the slightest possibility
antibacterial treatment and development of VAP. Similarly, Lunaof legionnaires’ disease exists (see also section 4).
et al.[64] performed bronchoscopic sampling and multivariate anal-Other more rare bacterial causes of HAP with microorganisms
ysis on 162 cases of VAP and found that inadequacy of initial

requiring specific antibacterials are Mycoplasma pneumoniae,
antimicrobial therapy and age >50 years were the only factors

Chlamydia pneumoniae and Mycobacterium tuberculosis.[98,103]

associated with mortality. Although it is probably appropriate to
These pathogenic microorganisms are frequently identified in employ general guidelines for empirical therapy for HAP, it can-
community-acquired respiratory tract infections but rarely in not be stressed enough that local epidemiologic surveys should be
HAP. These microorganisms can only be identified by serologic performed to monitor for possible resistant pathogens. Similarly,
testing or specific culture techniques that are not routinely used in during outbreaks of resistant strains, the local empirical antibacter-
laboratory testing for HAP. However, if a patient is admitted to the ial policy should be re-evaluated.
hospital for a long period, the risk of infection with these patho- Part of the adequacy of initial therapy is also determined by
gens may increase, especially if the patient is cared for in the time management. In one study, in almost 31% of all patients
vicinity of an index case with M. tuberculosis, for example. meeting the diagnostic criteria for VAP, the initial appropriate
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antibacterial treatment was delayed for 24 hours.[108] In logistic bacterial resistance to these recommended β-lactams is bacterial
regression analysis, delayed antibacterial treatment was identified production of β-lactamases that can hydrolyze β-lactam antibacte-
as an independent risk factor associated with increased mortality. rials to inactive compounds. Different types of β-lactamases are
The most common reason for deferral of therapy was a delay in produced by different bacteria. Second-generation cephalosporins
writing the antibacterial orders! are resistant to the β-lactamases produced by certain strains of H.

In the ATS algorithm, the first step is to define the severity of influenzae, Klebsiella, E. coli and S. aureus. Although these β-
illness as either mild to moderate or severe, analogous to treatment lactamases can hydrolyze amoxicillin, ticarcillin or piperacillin,
guidelines for CAP.[109] In patients with mild to moderate illness when combined with a β-lactamase inhibitor, hydrolysis is pre-
recommended empirical therapy is directed against the core patho- vented and the antibacterial retains its activity. However, β-
gens (table I), independent of length of hospital admission. How- lactamases produced by certain strains of Enterobacter, Serratia,
ever, if specific risk factors for infection are present, specific and Citrobacter (class C, type AmpC) are also capable of hydro-
antibacterials should be added to the ‘core empirical therapy’ lyzing amoxicillin despite the presence of clavulanic acid. Para-
(table II). Patients with severe HAP will fall into the description of doxically, clavulanic acid is a stronger inducer of AmpC β-
tables I or III. The treatment will depend mostly on whether the lactamases, which it cannot inhibit, than sulbactam and
patient developed HAP early, within 5 days of hospitalization tazobactam. However, the real concern lies with strains that pro-
(table I), or late (≥5 days after admission) [table III]. Antibacterial duce Amp C β-lactamases in large quantities (‘hyperproducers’),
treatment described in table III displays activity to resistant micro- leaving only the carbapenems, certain fourth-generation
organisms for which risk factors are found during patient assess- cephalosporins (e.g. cefepime and cefpirome), fluoroquinolones
ment. and aminoglycosides as alternatives.[85,111] These so called ‘de-

repressed’ mutants have become very prevalent, with incidences3.1.1 Mild to Moderate HAP without Risk Factors or Severe HAP
of 25–40% in major hospitals in North America and Westernwith Early Onset
Europe.[112-114] The risk of selecting derepressed mutants duringUnder mean general epidemiologic circumstances, according to
therapy is approximately 20% when third-generationATS guidelines in patients with mild to moderate HAP without
cephalosporins are used to treat bacteremia caused by Enter-risk factors and onset anytime, and in patients with severe HAP
obacter spp.[115] and is probably higher in pneumonia.[112] Howev-without risk factors and of early onset, adequacy of empirical
er, induction does not usually take place within a couple of days ofantibacterial therapy is achieved using ‘core antibacterials’ (table
therapy. Therefore, if after a few days culture results indicateI). The definition of ‘core antibacterials’ is that they have activity
Enterobacter spp., Citrobacter spp. or Serratia spp. as the patho-against enteric Gram-negative bacteria, H. influenzae, S.
gen, in severe cases a change of therapy should be considered. Ifpneumoniae and MSSA. Since P. aeruginosa is only seldom found
local epidemiologic data demonstrates high incidences of one ofin this patient group, ‘core antibacterials’ need not have anti-
these species, β-lactamase production may already have beenpseudomonal activity. First-choice antimicrobial therapy for these
induced and henceforth empirical therapy should altogether becore pathogens would consist of either a cephalosporin or a β-
switched to therapy as is suggested in table III.lactam/β-lactamase inhibitor combination. cephalosporins of the

second generation (e.g. cefotetan, cefoxitin, cefuroxime) or non-
3.1.2 Mild to Moderate HAP with Risk Factorspseudomonal third generation (e.g. ceftriaxone, cefotaxime, cef-

tizoxime) are recommended. β-Lactam/β-lactamase inhibitor If patients with mild to moderate HAP are at risk for resistant
combinations are amoxicillin/clavulanic acid, ticarcillin/clavulan- pathogens, independent of the time of onset, empirical therapy can
ic acid, ampicillin/sulbactam and piperacillin/tazobactam. In a be adapted according to table II. Although the role of anaerobes in
study by Speich et al.[110] the efficacy of piperacillin/tazobactam, HAP is not clear, under some circumstances (described in section
the most recently developed β-lactam/β-lactamase inhibitor com- 2.6 and table IV) specific anaerobic antimicrobial therapy should
bination, was compared with that of amoxicillin/clavulanic acid in be considered. In a relatively small study in patients with HAP, the
the treatment of severe pneumonia.[110] The agents proved to be most frequently isolated anaerobic bacteria were Prevotella spp.,
equally and highly efficacious treatments. However, only a minor- which were more frequently resistant to cefotaxime (37%),
ity of pneumonias in this study was of nosocomial origin and ceftazidime (50%), and ciprofloxacin (32%) than usually reported
consequently Enterobacter spp., Proteus spp. and Serratia spp. in the literature.[116] Sixty-six percent of these strains produced β-
were not encountered as core pathogens. lactamases. From these results it could be concluded that patients

who had received empirical anti-anaerobic antimicrobial therapyβ-Lactam antibacterials form the basis of empirical therapy for
had a significantly better outcome after 10 days.[116] Moreover,HAP without risk factors (table I). The major mechanism of
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since penicillin-resistant anaerobic organisms, usually Bacter- failure, neutropenia or cytotoxic chemotherapy are also at risk for
oides spp., can also be encountered in infections of the lower legionnaires’ disease, especially if the hospital water system is
respiratory tract,[117] specific anaerobic treatment may be war- known to be infected.[4] Especially in severe cases of legionnaires’
ranted. Of the core antibacterials (table I) only cefoxitin and disease, empirical treatment with core antibacterials has insuffi-
cefotetan (second-generation cephalosporins)[118] and β-lactam/β- cient activity against L. pneumophila. If there is a risk for legion-
lactamase inhibitor combinations possess sufficient activity naires’ disease, specific empirical treatment should be considered.
against anaerobes including Bacteroides fragilis. Therefore, if a Instead of erythromycin plus rifampicin, as is stated by the ATS,
patient is suspected of HAP with possible involvement of anaer- recent literature suggests that fluoroquinolones or newer
obes, first-choice empirical therapy should consist of these drugs macrolides (e.g. azithromycin) should now be considered first-
or any combination with clindamycin or metronidazole. However, choice therapy for legionnaires’ disease.[128-130] Rifampin
several case-controlled studies have suggested that metronidazole (rifampicin) may have additional efficacy in severe cases of HAP.
monotherapy of anaerobic pulmonary infections is less effective

3.1.3 Severe HAP with Risk Factors and Early Onset or Severe HAP
than clindamycin as a single drug.[119-121] Since clindamycin is also with Late Onset
active against many Gram-positive microorganisms (e.g. S. In 1996 the ATS recommended that patients with severe HAP
pneumoniae, S. aureus, and β-hemolytic streptococci) this would with risk factors and early onset, and patients with severe HAP
be the first choice in patients with HAP with increased risk for with late onset should be treated according to table III. In these
anaerobic pneumonia. However, clindamycin has limited or no patients, next to the core pathogens, the main concern is the high
activity against some strains of B. fragilis. Therefore, in selected prevalence of P. aeruginosa and other multiresistant bacteria.
cases of HAP with a high suspicion of anaerobic microorganisms Particularly in patients with mechanical ventilation, HAP caused
(e.g. observed aspiration or post-obstruction pneumonia) combi- by these microorganisms is associated with increased mortali-
nation therapy with clindamycin and metronidazole can be consid- ty.[131,132] Because bactericidal synergy against Pseudomonas and
ered. Acinetobacter spp. has been shown when carbenicillin and an

In hospitals where MRSA is not highly prevalent, empirical aminoglycoside are combined, the use of an antipseudomonal β-
therapy consisting of a second-generation (cefalotin or cefazolin) lactam (piperacillin, ticarcillin, ceftazidime, or imipenem) in com-
or third-generation cephalosporin or a β-lactam/β-lactamase in- bination with an aminoglycoside remains the preferred therapeutic
hibitor will have sufficient activity against S. aureus. However, in approach where possible.[133] Similarly, when considering time-
North and Latin America, respectively, 44% and 46% of all kill curves in vitro, the combination of ciprofloxacin plus piper-
S. aureus isolates from patients with pneumonia consisted of acillin plus tazobactam achieved greater killing than other combi-
MRSA.[122,123] Similar rates are found in Europe and Japan.[79,124] nations or monotherapy against P. aeruginosa.[134] Whether syner-
Therefore, if MRSA is highly prevalent and the patient is at risk of gistic activity against P. aeruginosa can be achieved or not, there
HAP with S. aureus, empirical therapy should consist of a core is another reason for combining two different antibacterial catego-
antibacterial plus vancomycin.[125] From earlier studies quinupris- ries; when P. aeruginosa is implicated, monotherapy, even with
tin/dalfopristin has been considered to be an option for unrespon- broad-spectrum antibacterials, is associated with a rapid increase
sive MRSA infections, where few proven treatment options ex- in resistance and a high rate of clinical failure. Therefore, for
ist.[126] In cases of patient allergy or intolerance to glycopeptides, pseudomonal HAP, combination therapy consisting of an
in one study quinupristin/dalfopristin proved to be equally safe, antipseudomonal β-lactam plus an aminoglycoside or a fluoroqui-
but somewhat less efficacious than vancomycin.[127] Other alterna- nolone (e.g. ciprofloxacin) is advised.[135]

tives are teicoplanin and linezolid (see section 3.1.4). However, During outbreaks with ESBL-producing microorganisms,
vancomycin is not the drug of choice for patients infected with carbapenems are the first-choice empirical therapy for patients
MSSA. In a study by Gonzalez et al.,[63] mortality was significant- suspected of HAP with late onset or other risk factors, depending
ly higher among MSSA-infected patients treated with vancomycin on the characteristics of the strains involved. Although β-lactam/
than among those treated with cloxacillin (47% vs none). Hence, if β-lactamase inhibitor combinations can be used for some suscepti-
culture results show susceptible S. aureus as a single pathogen, ble strains, even for the most potent (piperacillin/tazobactam),
therapy should preferably be switched to flucloxacillin or nafcillin resistance in Europe has risen significantly from 31% to 63% over
monotherapy. a period of 4 years.[136] Fluoroquinolones can be used as an

According to ATS guidelines, patients receiving high-dose alternative empirical treatment, but one should realize that both in
corticosteroid therapy are at risk for legionnaires’ disease.[4] How- Europe and the US up to 31% of ESBL-producing isolates are also
ever, based on recent literature, patients with malignancy, renal ciprofloxacin-resistant.[83,136] When fluoroquinolones are used in
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cases of high ESBL risk, adding an aminoglycoside to the empiri- tion.[144,145] Similar to imipenem, meropenem has shown good
efficacy as monotherapy in patients with HAP.[146]cal treatment may improve activity against possible ciprofloxacin-

resistant strains.[111] Recent epidemiologic studies have shown that Pseudomonas
spp. also retain good susceptibility to fourth-generation

3.1.4 Newer Antibacterials and Treatment Strategies cephalosporins. Moreover, multiresistant Enterobacteriaceae also
show high rates of susceptibility to cefepime and cefpirome.[137,147]

Antibacterials developed since 1996 or antibacterials with re-
This may explain why empirical therapy for VAP with cefepime ornewed interest for the treatment of HAP are linezolid, quinupris-
cefpirome was relatively superior to ceftazidime in some stud-tin/dalfopristin, teicoplanin, meropenem, new fluoroquinolones
ies.[148,149] Although ceftazidime remains a superior anti-and fourth-generation cephalosporins.
pseudomonal drug, especially in hospitals with high incidences of

Since the ATS statement a new class of antibacterials has been
cases with ceftazidime-resistant P. aeruginosa, fourth-generation

developed: oxazolidinones. Oxazolidinones having activity
cephalosporins (cefepime and cefpirome) can be considered as

against Gram-positive bacteria are of most interest in the treatment
empirical therapy in cases of severe HAP.

of HAP with MRSA. In a large epidemiological study involving
The number of HAP cases with S. maltophilia is increasing and

the ICUs of 25 European university hospitals (SENTRY antimi-
constitutes a major therapeutic problem.[67] S. maltophilia is resis-

crobial surveillance program) resistance to oxacillin was found in
tant against many antibacterials used as empirical therapy. Conse-

39% of all collected S. aureus strains. However, all these isolates
quently, prior antibacterial treatment is a risk factor for HAP with

were fully susceptible to linezolid and vancomycin.[137] Two stud-
S. maltophilia.[77] In one study antibacterial susceptibility testing

ies have examined the use of linezolid as an alternative treatment
revealed that isolates were most sensitive to sulfamethoxazole

to vancomycin: in both studies patients received linezolid plus
(80%), chloramphenicol (75.5%) and ceftazidime (64.5%).[150] In

aztreonam or vancomycin plus aztreonam as empirical treatment
contrast, a recent report has shown that, in vitro, more strains are

for HAP.[138,139] Clinical cure and microbiological eradication rates sensitive to minocycline, doxycycline and moxifloxacin. More
were equivalent between treatment groups. Similar results were than 70% of strains were resistant against ceftazidime, cefepime,
documented for HAP patients with MRSA.[138,140] Linezolid is piperacillin, ticarcillin and aztreonam. Only 25% of all strains
well tolerated and has a major advantage over vancomycin in that were resistant against trimethoprim/sulfamethoxazole. Thus, in
oral formulations are also available.[141] Another possible alterna- patients highly suspected of HAP with S. maltophilia (e.g. during
tive treatment for HAP with MRSA is quinupristin/dalfopris- an outbreak), it is now recommended to initiate empirical treat-
tin.[142] Similar to linezolid, quinupristin/dalfopristin also has in ment with trimethoprim/sulfamethoxazole and ticarcillin/clavu-
vitro activity against most MRSA strains, comparable to te- lanic acid in combination.[151]

icoplanin and vancomycin.[143] In one study by Fagon et al.,[127]
In the search for new antimicrobial therapies for Acinetobacter

31% of MRSA cases treated with quinepristin/dalfopristin were spp., unconventional antibacterial treatment strategies have been
clinically successful. Nonetheless, there was 44% success in the tested. Wolff et al.[152] studied the efficacy of β-lactams/β-
vancomycin-treated group. More studies will be needed to ex- lactamase inhibitors and rifampin in a mouse model for A.
amine the clinical potentials of these drugs as empirical therapy for baumannii pneumonia. The best survival rates (≥80%), even when
HAP with a high risk of MRSA. Teicoplanin is an effective and mice were infected with a multiresistant strain, were obtained with
safe alternative for vancomycin in the treatment of resistant Gram- regimens containing rifampin and sulbactam. This suggests that
positive infections. However, the use of teicoplanin in the treat- non-classical combinations of β-lactam/β-lactamase inhibitor and
ment of HAP has not been investigated. Consequently, teicoplanin rifampin should be considered for the treatment of nosocomial
should only be considered in selected cases of MRSA where other pneumonia caused by multiresistant A. baumannii.[152] This was
alternative treatment is contraindicated. confirmed by Montero et al.[153] using an experimental pneumonia

mouse model with carbapenem-resistant strains: colistin appearedMeropenem is the second carbapenem since the development
far less potent in reducing lung bacterial counts, clearance ofof imipenem/cilastatin. It shows enhanced Gram-negative activity
bacteremia, and survival than imipenem, sulbactam, rifampin andrelative to imipenem/cilastatin and often retains activity against
tobramycin.[153] From another mouse model study, doxycyclinestrains resistant to third-generation cephalosporins and imipenem/
plus amikacin was suggested as an alternative to imipenem in thecilastatin (including P. aeruginosa). Furthermore, in contrast to
therapy of A. baumannii pneumonia.[154]imipenem/cilastatin it has far less epileptogenic and nephrotoxic

activity, making it especially suitable for treatment in patients with Of all the new fluoroquinolones that have been developed since
underlying central nervous system pathology or renal dysfunc- the ATS statement, levofloxacin and moxifloxacin have been of

© 2006 Adis Data Information BV. All rights reserved. Treat Respir Med 2006; 5 (1)



24 Andriesse & Verhoef

particular interest concerning the treatment of CAP. They offer of pulmonary infiltrates and quantitative culture of tracheal aspi-
excellent activity against Gram-negative bacilli and improved rates. Singh et al.[159] used this score to discriminate all ICU
Gram-positive activity (e.g. against S. pneumoniae and S. aureus) patients in whom VAP was considered unlikely (CPIS score ≤6)
over ciprofloxacin. Furthermore, these agents may result in cost from those that were likely to have VAP (CPIS score >6). Patients
savings especially in situations where, because of their potent with CPIS ≤6 were randomized to receive either ciprofloxacin for
broad-spectrum activity and excellent bioavailability, they may be 3 days or standard care (antibacterials for 10–21 days). After 3
used orally in place of intravenous antibacterials. However, there days patients in the ciprofloxacin group were re-evaluated; all
is only limited experience with levofloxacin and moxifloxacin in patients with CPIS >6 received further treatment for pneumonia,
the treatment of HAP. In one large study (n = 438) with most but all patients with CPIS ≤6 at 3 days had antibacterial treatment
patients on mechanical ventilation, levofloxacin monotherapy stopped. Antibacterials were continued beyond 3 days in 90% (38
proved equally efficacious as imipenem/cilastatin in both microbi- of 42) of the patients in the standard therapy group compared with
ologic eradication rate and clinical success rate.[155] The diagnosis 28% (11 of 39) in the experimental therapy group (p = 0.0001). In
of HAP was based on clinical symptoms, radiographic findings patients in whom CPIS remained ≤6 at the 3-day evaluation point,
and respiratory cultures. However, patients in this study were also antibacterials were still continued in 96% (24 of 25) in the stan-
included based on a positive sputum culture, making the diagnosis dard therapy group but in none (0 of 25) of the patients in the
of HAP less reliable. Furthermore, patients with severe disease experimental therapy group (p = 0.0001). Mortality and length of
were excluded and the mean APACHE II scores in both groups ICU stay did not differ despite a shorter duration and lower cost of
were relatively low. Another point of concern is raised by recent antimicrobial therapy in the experimental group. More surprising-
reports that have shown failure of treatment with levofloxacin in ly, antimicrobial resistance, or superinfections, or both, developed
several cases of pneumococcal pneumonia.[156,157] Therefore, the in 14% (5 of 37) of patients in the experimental group versus 38%
use of levofloxacin and moxifloxacin in HAP should be restricted (14 of 37) of patients in the standard therapy group (p = 0.017).
to selected cases pending the results of future investigations. Penetration of antibacterials to the site of infection is important

in achieving antibacterial concentrations beyond the minimal in-
3.2 Duration of Antibacterial Therapy hibiting concentration of the pathogen involved. The ratio between

drug concentration in respiratory secretions and serum, the frac-
At the time of the ATS statement, few data were available to tional penetration, is about 10–20% for β-lactam antibacterials,

support solid recommendations on duration of antibacterial ther- 20–40% for aminoglycosides and 50–100% for the fluoroqui-
apy for HAP. A major step towards tailor-made antimicrobial nolones.[161,162] Macrolides, tetracyclines and trimethoprim also
therapy would be identifying clinical parameters that can indicate show good penetration into bronchial secretions.[163] However,
when it is safe to stop antibacterial treatment in any given patient. controversy remains about which parameter is the most relevant
Few studies have investigated this issue. Dennesen et al.[158] stud- derivative of tissue concentration: antibacterial concentration in
ied the time course of several infectious parameters in patients bronchial secretions or alveolar lining fluid.[164] Administering the
with VAP after the start of appropriate antibacterial treatment. correct dosage of antibacterials is of utmost importance in the
They found that most improvements in temperature, leukocyte empirical therapy of HAP. Although most antibacterials are mar-
counts and oxygenation (PaO2/FIO2 ratio) were observed within keted as ‘one dose for all’, each patient may require an individual-
the first 6 days of antibacterial treatment. Although H. influenzae ized dosage. To ensure good initial antibacterial tissue concentra-
and S. pneumoniae were eradicated from tracheal aspirates, Enter- tions, initial antibacterial therapy of HAP should be administered
obacteriaceae, S. aureus and P. aeruginosa persisted despite anti- intravenously. Switching to oral administration should not be
microbial susceptibility.[158] Therefore, eradication of the latter considered before the first signs of clinical improvement. In con-
microorganisms from the lower respiratory tract does not provide trast to research on HAP, several reports on treatment of CAP have
a useful means of monitoring the clinical effect of antimicrobial appeared since 1996 investigating an early switch from intrave-
treatment. nous to oral antibacterials.[165-169] Although patients with CAP

In another study, Singh et al.[159] used a clinical pulmonary have different microorganisms and a dissimilar pathogenesis at
infection score (CPIS) by Pugin et al.[160] to determine the likeli- play, certain parallels can be made. It appears that hospitalized
hood that any given patient’s clinical findings were caused by (non-ICU) patients with mild CAP can be treated safely with only
pneumonia. The score is calculated from temperature readings, a short course (≤ 3 days) of intravenous antibacterials and that a
leukocyte counts, purulence of tracheal secretions, oxygenation subsequent treatment of 7 days with oral antibacterials is sufficient
(PaO2/FIO2 ratio), aspects of pulmonary radiography, progression in most cases.
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Although insufficient data are available to make solid recom- the possibility of other noninfectious processes.[171] In cases of
mendations on the duration of treatment in patients with HAP, raised suspicion of resistant pathogens, fresh endobronchial speci-
from the aforementioned studies several points of attention can be mens for culture should be obtained.
made. Because no gold standard exists on making the diagnosis of Certain factors may play a role in the failure of treatment.
HAP and because physicians are unwilling to risk missing a Although a bacterial etiology of HAP is the most frequent, viruses
treatable infection, a large proportion of patients diagnosed with are also potential pathogens.[172-174] Clinically, viral pneumonias
HAP will either receive too many antibacterials or do not need are difficult to differentiate from bacterial pneumonias. Since viral
antibacterial treatment at all. Furthermore, the total duration of agents are not routinely tested for, the incidence of viral pneumo-
antibacterial treatment and the duration of intravenous antibacteri- nias is almost certainly underestimated.[173] Influenza and respira-
al treatment can probably be shortened in many cases of mild tory syncytial virus infections contribute substantially to the mor-
HAP, especially in cases of HAP caused by S. pneumoniae or bidity and mortality associated with viral pneumonia, especially in
H. influenzae, and in patients showing normalization of tempera- young children and the elderly.[174,175] Other viruses associated
ture, leukocyte counts and oxygenation. with HAP are parainfluenza virus, adenovirus, varicella-zoster

virus, cytomegalovirus, herpes virus and measles.[176] Patients at
4. Failure of Antibacterial Treatment of HAP risk for developing serious pneumonia with these viruses are

neonates and immunocompromised patients. Extra suspicions forEven with optimal and adequate empirical antibacterial therapy
a viral etiology of HAP should be raised during and following theHAP remains a disease with high mortality. In most patients, clear
annual community outbreaks of influenza and RSV.[177]

clinical improvement should not be expected within 24 hours after
Other microorganisms that should be excluded in patients withthe start of antibacterial treatment. Dennesen et al.[158] have shown

treatment failure or deterioration despite antibacterial treatmentthat leukocyte counts, temperature and oxygenation normalize, on
are L. pneumophila and fungi. Especially in severe pneumonia,average, 6 days from the start of antibacterials. However, the first
negative urine antigen tests for L. pneumophila can almost rule outsigns of improvement of clinical parameters were found within 48
(nosocomially acquired) legionnaires’ disease. In rare cases ofhours. Consequently, failure of treatment cannot be established
infections with type 2 L. pneumophila, and in mild cases, antigenwithin 24 hours after start of therapy. However, in severe cases of
tests lack sensitivity and can give a (false) negative result.[178,179]

VAP or in patients on mechanical ventilation because of HAP,
Patients with neutropenia or patients receiving intensive treatmentwho experience ongoing deterioration of clinical parameters,
with corticosteroids (e.g. patients with COPD) are at risk for moreswitching antibacterial treatment to a more broad-spectrum regi-
acute presentations of Aspergillus spp. infections. However, evenmen should first be considered after 24 hours. This is especially
in non-immunosuppressed, non-neutropenic patients, severe VAPtrue in patients for whom microbiological results remain inconclu-
resulting from Aspergillus spp. has been reported.[180] Consequent-sive. In mild to moderate cases, changing antibacterial therapy
ly, especially in high-risk patients with extended hospital stay andshould not be considered until at least 48 hours have passed since
failure of antibacterial treatment, cultures for fungi of BAL or PSBthe start of therapy. The CPIS score can help to monitor the
specimens, and serum fungal antigen tests should be considered.development of VAP (or patients with HAP on mechanical venti-

lation) after start of therapy. Luna et al.[170] have shown that in
patients who received adequate antibacterial treatment (no resis- 5. Conclusions
tant microorganisms were cultured) and recovered from VAP, the
CPIS score was significantly improved at day 3.[170] In contrast, Both the ATS statement and the many reports on the diagnosis
patients who had inadequate antibacterial treatment and did not and treatment of HAP that have appeared since then, have focused
survive VAP, did not display improved CPIS scores at day 3. In on patients admitted to ICUs and/or those on mechanical ventila-
two-way analysis of variance with repeated measures, clinical tion. Although this subgroup consists of patients with severe
improvement or worsening was most accurately depicted by the nosocomial pneumonia, more research on non-ICU patients is
PaO2/FIO2 ratio. In another study with 298 patients with HAP, needed to explore whether the same guidelines apply to less severe
multivariate analysis revealed that six variables were associated cases of HAP. From the large body of literature on the diagnosis of
with decreased likelihood of clinical success; >65 years of age, HAP it can be concluded that bronchoscopic techniques, in combi-
chronic lung disease, diabetes mellitus, mechanical ventilation for nation with quantitative cultures, are superior to other more con-
>5 days, multilobar pneumonia, and bacteremic pneumonia.[127] servative techniques to obtain respiratory samples and to establish
Patients who fail to respond, or experience clinical deterioration, early diagnosis. Detection of intracellular microorganisms in low-
should be re-examined carefully, and thought should be given to er respiratory tract specimens has been demonstrated to be a

© 2006 Adis Data Information BV. All rights reserved. Treat Respir Med 2006; 5 (1)



26 Andriesse & Verhoef

12. Craven DE, Steger KA. Nosocomial pneumonia in mechanically ventilated adultreliable marker for the early diagnosis of HAP. Furthermore,
patients: epidemiology and prevention in 1996. Semin Respir Infect 1996; 11

microscopic examination can give a first impression of the type of (1): 32-53
13. Berthelot P, Grattard F, Mahul P, et al. Prospective study of nosocomial coloniza-pathogen involved.

tion and infection due to Pseudomonas aeruginosa in mechanically ventilated
The core pathogens mentioned by the ATS can still be regarded patients. Intensive Care Med 2001; 27 (3): 503-12

as the main target of empirical therapy. In order to identify those 14. Cardenosa Cendrero JA, Sole-Violan J, Bordes BA, et al. Role of different routes
of tracheal colonization in the development of pneumonia in patients receivingpatients at risk of HAP with multiresistant microorganisms, more
mechanical ventilation. Chest 1999; 116 (2): 462-70

risk factors have been identified since the ATS statement; pro- 15. Bonten MJ, Gaillard CA, de Leeuw PW, et al. Role of colonization of the upper
intestinal tract in the pathogenesis of ventilator-associated pneumonia. Clinlonged stay in the hospital and prior antibacterial therapy seem to
Infect Dis 1997; 24 (3): 309-19

be the most important risk factors for resistant pathogens. Howev-
16. Bergmans DC, Bonten MJ, van Tiel FH, et al. Cross-colonisation with

er, increasing numbers of resistant pathogens are reported. Since Pseudomonas aeruginosa of patients in an intensive care unit. Thorax 1998; 53
(12): 1053-8epidemiology can vary from one hospital to another, epidemiolog-

17. Feldman C, Kassel M, Cantrell J, et al. The presence and sequence of endotracheal
ical surveys should be conducted to assess locally encountered tube colonization in patients undergoing mechanical ventilation. Eur Respir J

1999; 13 (3): 546-51pathogens of HAP. Consequently, general guidelines (e.g. ATS
18. George DL, Falk PS, Wunderink RG, et al. Epidemiology of ventilator-acquiredguidelines) should be adapted to local epidemiology.

pneumonia based on protected bronchoscopic sampling. Am J Respir Crit Care
Although some new antibacterials have been marketed since Med 1998; 158 (6): 1839-47

19. Garrouste-Orgeas M, Chevret S, Arlet G, et al. Oropharyngeal or gastric coloniza-1996, the development of new potent antibacterials remains a
tion and nosocomial pneumonia in adult intensive care unit patients: a prospec-

point of concern. Several alternative treatments may prove effec- tive study based on genomic DNA analysis. Am J Respir Crit Care Med 1997;
156 (5): 1647-55tive in cases of resistant HAP. To minimize the use of antibacteri-

20. Bonten MJ, Bergmans DC, Ambergen AW, et al. Risk factors for pneumonia, andals, future studies should focus on finding clinical parameters and
colonization of respiratory tract and stomach in mechanically ventilated ICU

making guidelines that can help the clinician reduce the duration patients. Am J Respir Crit Care Med 1996; 154 (5): 1339-46
21. Annane D, Clair B, Mathieu B, et al. Immunoglobulin A levels in bronchialof antibacterial treatment.

samples during mechanical ventilation and onset of nosocomial pneumonia in
critically ill patients. Am J Respir Crit Care Med 1996; 153 (5): 1585-90

Acknowledgments 22. Niederman MS. Gram-negative colonization of the respiratory tract: pathogenesis
and clinical consequences. Semin Respir Infect 1990; 5 (3): 173-84

No sources of funding were used to assist in the preparation of this review. 23. Salata RA, Ellner JJ. Bacterial colonization of the tracheobronchial tree. Clin Chest
The authors believe there are no potential conflicts of interest that are directly Med 1988; 9 (4): 623-33

24. Chastre J, Fagon JY, Bornet-Lecso M, et al. Evaluation of bronchoscopic tech-relevant to the contents of this review.
niques for the diagnosis of nosocomial pneumonia. Am J Respir Crit Care Med
1995; 152 (1): 231-40

25. Montravers P, Veber B, Auboyer C, et al. Diagnostic and therapeutic managementReferences
of nosocomial pneumonia in surgical patients: results of the Eole study. Crit1. Gross PA. Epidemiology of hospital-acquired pneumonia. Semin Respir Infect
Care Med 2002; 30 (2): 368-751987; 2 (1): 2-7

26. Croce MA, Fabian TC, Shaw B, et al. Analysis of charges associated with2. George DL. Epidemiology of nosocomial ventilator-associated pneumonia. Infect
diagnosis of nosocomial pneumonia: can routine bronchoscopy be justified? JControl Hosp Epidemiol 1993; 14 (3): 163-9
Trauma 1994; 37 (5): 721-73. Kollef MH. Epidemiology and risk factors for nosocomial pneumonia: emphasis

27. Woske HJ, Roding T, Schulz I, et al. Ventilator-associated pneumonia in a surgicalon prevention. Clin Chest Med 1999; 20 (3): 653-70
intensive care unit: epidemiology, etiology and comparison of three broncho-4. Hospital-acquired pneumonia in adults: diagnosis assessment of severity initial
scopic methods for microbiological specimen sampling. Crit Care 2001; 5 (3):antimicrobial therapy. A consensus statement, American Thoracic Society,
167-73November 1995. Am J Respir Crit Care Med 1996; 153 (5): 1711-25

28. Jourdain B, Joly-Guillou ML, Dombret MC, et al. Usefulness of quantitative5. Greenaway CA, Embil J, Orr PH, et al. Nosocomial pneumonia on general medical
cultures of BAL fluid for diagnosing nosocomial pneumonia in ventilatedand surgical wards in a tertiary-care hospital. Infect Control Hosp Epidemiol
patients. Chest 1997; 111 (2): 411-81997; 18 (11): 749-56

29. Croce MA, Fabian TC, Schurr MJ, et al. Using bronchoalveolar lavage to distin-6. Fleming CA, Balaguera HU, Craven DE. Risk factors for nosocomial pneumonia:
guish nosocomial pneumonia from systemic inflammatory response syndrome:focus on prophylaxis. Med Clin North Am 2001; 85 (6): 1545-63
a prospective analysis. J Trauma 1995; 39 (6): 1134-97. Fagon JY, Chastre J, Hance AJ, et al. Nosocomial pneumonia in ventilated patients:

30. Timsit JF, Chevret S, Valcke J, et al. Mortality of nosocomial pneumonia ina cohort study evaluating attributable mortality and hospital stay. Am J Med
ventilated patients: influence of diagnostic tools. Am J Respir Crit Care Med1993; 94 (3): 281-8
1996; 154 (1): 116-238. Leu HS, Kaiser DL, Mori M, et al. Hospital-acquired pneumonia: attributable

31. Torres A, Martos A, Puig dlB, et al. Specificity of endotracheal aspiration,mortality and morbidity. Am J Epidemiol 1989; 129 (6): 1258-67
protected specimen brush, and bronchoalveolar lavage in mechanically ventilat-9. Singh N, Falestiny MN, Rogers P, et al. Pulmonary infiltrates in the surgical ICU:
ed patients. Am Rev Respir Dis 1993; 147 (4): 952-7prospective assessment of predictors of etiology and mortality. Chest 1998; 114

32. de Jaeger A, Litalien C, Lacroix J, et al. Protected specimen brush or bronchoalveo-(4): 1129-36
lar lavage to diagnose bacterial nosocomial pneumonia in ventilated adults: a10. Meduri GU, Mauldin GL, Wunderink RG, et al. Causes of fever and pulmonary
meta-analysis. Crit Care Med 1999; 27 (11): 2548-60densities in patients with clinical manifestations of ventilator-associated pneu-

33. Allen RM, Dunn WF, Limper AH. Diagnosing ventilator-associated pneumonia:monia. Chest 1994; 106 (1): 221-35
the role of bronchoscopy. Mayo Clin Proc 1994; 69 (10): 962-811. Butler KL, Sinclair KE, Henderson VJ, et al. The chest radiograph in critically ill

surgical patients is inaccurate in predicting ventilator-associated pneumonia. 34. Barreiro B, Dorca J, Manresa F, et al. Protected bronchoalveolar lavage in the
Am Surg 1999; 65 (9): 805-9 diagnosis of ventilator-associated pneumonia. Eur Respir J 1996; 9 (7): 1500-7

© 2006 Adis Data Information BV. All rights reserved. Treat Respir Med 2006; 5 (1)



Nosocomial Pneumonia 27

35. Grossman RF, Fein A. Evidence-based assessment of diagnostic tests for ventila- 58. Louria DB, Kaminski T. The effects of four antimicrobial drug regimens on sputum
tor-associated pneumonia: executive summary. Chest 2000; 117 (4 Suppl. 2): superinfection in hospitalized patients. Am Rev Respir Dis 1982; 85: 649-85
177S-81S 59. Fagon JY, Chastre J, Domart Y, et al. Nosocomial pneumonia in patients receiving

36. Chastre J, Fagon JY. Ventilator-associated pneumonia. Am J Respir Crit Care Med continuous mechanical ventilation: prospective analysis of 52 episodes with use
2002; 165 (7): 867-903 of a protected specimen brush and quantitative culture techniques. Am Rev

Respir Dis 1989; 139 (4): 877-8437. Jourdain B, Novara A, Joly-Guillou ML, et al. Role of quantitative cultures of
endotracheal aspirates in the diagnosis of nosocomial pneumonia. Am J Respir 60. Rello J, Ausina V, Ricart M, et al. Impact of previous antimicrobial therapy on the
Crit Care Med 1995; 152 (1): 241-6 etiology and outcome of ventilator-associated pneumonia. Chest 1993; 104 (4):

38. Meduri GU, Reddy RC, Stanley T, et al. Pneumonia in acute respiratory distress 1230-5
syndrome: a prospective evaluation of bilateral bronchoscopic sampling. Am J 61. Trouillet JL, Vuagnat A, Combes A, et al. Pseudomonas aeruginosa ventilator-
Respir Crit Care Med 1998; 158 (3): 870-5 associated pneumonia: comparison of episodes due to piperacillin-resistant

39. Torres A, El Ebiary M, Fabregas N, et al. Value of intracellular bacteria detection versus piperacillin-susceptible organisms. Clin Infect Dis 2002; 34 (8): 1047-54
in the diagnosis of ventilator associated pneumonia. Thorax 1996; 51 (4): 62. Husni RN, Goldstein LS, Arroliga AC, et al. Risk factors for an outbreak of multi-
378-84 drug-resistant Acinetobacter nosocomial pneumonia among intubated patients.

40. Mertens AH, Nagler JM, Galdermans DI, et al. Diagnostic value of direct examina- Chest 1999; 115 (5): 1378-82
tion of protected specimen brush samples in nosocomial pneumonia. Eur J Clin 63. Gonzalez C, Rubio M, Romero-Vivas J, et al. Bacteremic pneumonia due to
Microbiol Infect Dis 1996; 15 (10): 807-10 Staphylococcus aureus: a comparison of disease caused by methicillin-resistant

41. Valles J, Rello J, Fernandez R, et al. Role of bronchoalveolar lavage in mechanical- and methicillin-susceptible organisms. Clin Infect Dis 1999; 29 (5): 1171-7
ly ventilated patients with suspected pneumonia. Eur J Clin Microbiol Infect 64. Luna CM, Videla A, Mattera J, et al. Blood cultures have limited value in
Dis 1994; 13 (7): 549-58 predicting severity of illness and as a diagnostic tool in ventilator-associated

42. Sole-Violan J, Rodriguez dC, Rey A, et al. Usefulness of microscopic examination pneumonia. Chest 1999; 116 (4): 1075-84
of intracellular organisms in lavage fluid in ventilator-associated pneumonia. 65. Froon AH, Bonten MJ, Gaillard CA, et al. Prediction of clinical severity and
Chest 1994; 106 (3): 889-94 outcome of ventilator-associated pneumonia: comparison of simplified acute

43. Veber B, Souweine B, Gachot B, et al. Comparison of direct examination of three physiology score with systemic inflammatory mediators. Am J Respir Crit Care
types of bronchoscopy specimens used to diagnose nosocomial pneumonia. Crit Med 1998; 158 (4): 1026-31
Care Med 2000; 28 (4): 962-8 66. Banerjee D, Stableforth D. The treatment of respiratory pseudomonas infection in

44. Allaouchiche B, Jaumain H, Chassard D, et al. Gram stain of bronchoalveolar cystic fibrosis: what drug and which way? Drugs 2000; 60 (5): 1053-64
lavage fluid in the early diagnosis of ventilator-associated pneumonia. Br J 67. Spencer RC. The emergence of epidemic, multiple-antibiotic-resistant Steno-
Anaesth 1999; 83 (6): 845-9 trophomonas (Xanthomonas) maltophilia and Burkholderia (Pseudomonas)

45. Smith MD, Derrington P, Evans R, et al. Rapid diagnosis of bacteremic pneumo- cepacia. J Hosp Infect 1995; 30 Suppl.: 453-64
coccal infections in adults by using the Binax NOW Streptococcus pneumoniae 68. Chow JW, Yu VL. Legionella: a major opportunistic pathogen in transplant
urinary antigen test: a prospective, controlled clinical evaluation. J Clin recipients. Semin Respir Infect 1998; 13 (2): 132-9
Microbiol 2003; 41 (7): 2810-3

69. Pizzo PA. Management of fever in patients with cancer and treatment-induced
46. Gutierrez F, Masia M, Rodriguez JC, et al. Evaluation of the immunochro-

neutropenia. N Engl J Med 1993; 328 (18): 1323-32
matographic Binax NOW assay for detection of Streptococcus pneumoniae

70. Mandell GL, Bennett JE, Dolin R. Mandell, Douglas, and Bennett’s principles andurinary antigen in a prospective study of community-acquired pneumonia in
practice of infectious diseases. 5th ed. Philadelphia (PA): Churchill Living-Spain. Clin Infect Dis 2003; 36 (3): 286-92
stone, 2000

47. Hayon J, Figliolini C, Combes A, et al. Role of serial routine microbiologic culture
71. Walzer PD. Pneumocystis carinii pneumonia in patients without human immu-results in the initial management of ventilator-associated pneumonia. Am J

nodeficiency virus infection. Clin Infect Dis 1997; 25 (2): 219-20Respir Crit Care Med 2002; 165 (1): 41-6
72. Talon D, Mulin B, Rouget C, et al. Risks and routes for ventilator-associated48. Moine P, Timsit JF, de Lassence A, et al. Mortality associated with late-onset

pneumonia with Pseudomonas aeruginosa. Am J Respir Crit Care Med 1998;pneumonia in the intensive care unit: results of a multi-center cohort study.
157 (3 Pt 1): 978-84Intensive Care Med 2002; 28 (2): 154-63

73. Akca O, Koltka K, Uzel S, et al. Risk factors for early-onset, ventilator-associated49. Rello J, Sa-Borges M, Correa H, et al. Variations in etiology of ventilator-
pneumonia in critical care patients: selected multiresistant versus nonresistantassociated pneumonia across four treatment sites: implications for antimicrobial
bacteria. Anesthesiology 2000; 93 (3): 638-45prescribing practices. Am J Respir Crit Care Med 1999; 160 (2): 608-13

74. Inglis TJ, Lim TM, Ng ML, et al. Structural features of tracheal tube biofilm50. Rello J, Rue M, Jubert P, et al. Survival in patients with nosocomial pneumonia:
formed during prolonged mechanical ventilation. Chest 1995; 108 (4): 1049-52impact of the severity of illness and the etiologic agent. Crit Care Med 1997; 25

75. Baraibar J, Correa H, Mariscal D, et al. Risk factors for infection by Acinetobacter(11): 1862-7
baumannii in intubated patients with nosocomial pneumonia. Chest 1997; 11251. Bercault N, Boulain T. Mortality rate attributable to ventilator-associated
(4): 1050-4nosocomial pneumonia in an adult intensive care unit: a prospective case-

76. Amano K, Maruyama H, Takeuchi T. Nosocomial pneumonia likely caused bycontrol study. Crit Care Med 2001; 29 (12): 2303-9
Stenotrophomonas maltophilia in two patients with polymyositis. Intern Med52. Schleupner CJ, Cobb DK. A study of the etiologies and treatment of nosocomial
1999; 38 (11): 910-6pneumonia in a community-based teaching hospital. Infect Control Hosp

77. Hanes SD, Demirkan K, Tolley E, et al. Risk factors for late-onset nosocomialEpidemiol 1992; 13 (9): 515-25
pneumonia caused by Stenotrophomonas maltophilia in critically ill trauma53. Trouillet JL, Chastre J, Vuagnat A, et al. Ventilator-associated pneumonia caused
patients. Clin Infect Dis 2002; 35 (3): 228-35by potentially drug-resistant bacteria. Am J Respir Crit Care Med 1998; 157 (2):

531-9 78. Cosgrove SE, Sakoulas G, Perencevich EN, et al. Comparison of mortality associ-
ated with methicillin-resistant and methicillin-susceptible Staphylococcus aure-54. Ibrahim EH, Ward S, Sherman G, et al. A comparative analysis of patients with
us bacteremia: a meta-analysis. Clin Infect Dis 2003; 36 (1): 53-9early-onset vs late-onset nosocomial pneumonia in the ICU setting. Chest 2000;

117 (5): 1434-42 79. Albertini MT, Benoit C, Berardi L, et al. Surveillance of methicillin-resistant
55. Cazzadori A, Di Perri G, Vento S, et al. Aetiology of pneumonia following isolated Staphylococcus aureus (MRSA) and Enterobacteriaceae producing extended-

closed head injury. Respir Med 1997; 91 (4): 193-9 spectrum beta-lactamase (ESBLE) in Northern France: a five-year multicentre
incidence study. J Hosp Infect 2002; 52 (2): 107-1356. Celis R, Torres A, Gatell JM, et al. Nosocomial pneumonia: a multivariate analysis

of risk and prognosis. Chest 1988; 93 (2): 318-24 80. Graffunder EM, Venezia RA. Risk factors associated with nosocomial methicillin-
57. Leal-Noval SR, Marquez-Vacaro JA, Garcia-Curiel A, et al. Nosocomial pneumo- resistant Staphylococcus aureus (MRSA) infection including previous use of

nia in patients undergoing heart surgery. Crit Care Med 2000; 28 (4): 935-40 antimicrobials. J Antimicrob Chemother 2002; 49 (6): 999-1005

© 2006 Adis Data Information BV. All rights reserved. Treat Respir Med 2006; 5 (1)



28 Andriesse & Verhoef

81. Pujol M, Corbella X, Pena C, et al. Clinical and epidemiological findings in 104. Kollef MH. Inadequate antimicrobial treatment: an important determinant of
mechanically-ventilated patients with methicillin-resistant Staphylococcus au- outcome for hospitalized patients. Clin Infect Dis 2000; 31 Suppl. 4: S131-8
reus pneumonia. Eur J Clin Microbiol Infect Dis 1998; 17 (9): 622-8 105. Caldwell JW, Singh S, Johnson RH. Clinical and economic evaluation of subse-

82. Weber DJ, Raasch R, Rutala WA. Nosocomial infections in the ICU: the growing quent infection following intravenous ciprofloxacin or imipenem therapy in
importance of antibiotic-resistant pathogens. Chest 1999; 115 (3 Suppl.): hospitalized patients with severe pneumonia. J Antimicrob Chemother 1999; 43
34S-41S Suppl. A: 129-34

83. Paterson DL, Mulazimoglu L, Casellas JM, et al. Epidemiology of ciprofloxacin 106. Torres A, Aznar R, Gatell JM, et al. Incidence, risk, and prognosis factors of
resistance and its relationship to extended-spectrum beta-lactamase production nosocomial pneumonia in mechanically ventilated patients. Am Rev Respir Dis
in Klebsiella pneumoniae isolates causing bacteremia. Clin Infect Dis 2000; 30 1990; 142 (3): 523-8
(3): 473-8 107. Zaidi M, Sifuentes-Osornio J, Rolon AL, et al. Inadequate therapy and antibiotic

84. Shannon K, Stapleton P, Xiang X, et al. Extended-spectrum beta-lactamase- resistance: risk factors for mortality in the intensive care unit. Arch Med Res
producing Klebsiella pneumoniae strains causing nosocomial outbreaks of 2002; 33 (3): 290-4
infection in the United Kingdom. J Clin Microbiol 1998; 36 (10): 3105-10 108. Iregui M, Ward S, Sherman G, et al. Clinical importance of delays in the initiation

85. Livermore DM. Beta-lactamase-mediated resistance and opportunities for its con- of appropriate antibiotic treatment for ventilator-associated pneumonia. Chest
trol. J Antimicrob Chemother 1998; 41 Suppl. D: 25-41 2002; 122 (1): 262-8

86. Podschun R, Ullmann U. Klebsiella spp. as nosocomial pathogens: epidemiology, 109. Niederman MS, Mandell LA, Anzueto A, et al. Guidelines for the management of
taxonomy, typing methods, and pathogenicity factors. Clin Microbiol Rev adults with community-acquired pneumonia: diagnosis, assessment of severity,
1998; 11 (4): 589-603 antimicrobial therapy, and prevention. Am J Respir Crit Care Med 2001; 163

(7): 1730-5487. Ahmad M, Urban C, Mariano N, et al. Clinical characteristics and molecular
epidemiology associated with imipenem-resistant Klebsiella pneumoniae. Clin 110. Speich R, Imhof E, Vogt M, et al. Efficacy, safety, and tolerance of piperacillin/
Infect Dis 1999; 29 (2): 352-5 tazobactam compared to co-amoxiclav plus an aminoglycoside in the treatment

of severe pneumonia. Eur J Clin Microbiol Infect Dis 1998; 17 (5): 313-788. Piroth L, Aube H, Doise JM, et al. Spread of extended-spectrum beta-lactamase-
producing Klebsiella pneumoniae: are beta-lactamase inhibitors of therapeutic 111. Bouza E, Cercenado E. Klebsiella and Enterobacter: antibiotic resistance and
value? Clin Infect Dis 1998; 27 (1): 76-80 treatment implications. Semin Respir Infect 2002; 17 (3): 215-30

89. Menashe G, Borer A, Yagupsky P, et al. Clinical significance and impact on 112. Sanders CC, Sanders WE. β-Lactam resistance in gram-negative bacteria: global
mortality of extended-spectrum beta lactamase-producing Enterobacteriaceae trends and clinical impact. Clin Infect Dis 1992; 15: 824-39
isolates in nosocomial bacteremia. Scand J Infect Dis 2001; 33 (3): 188-93 113. Burwen DR, Banerjee SN, Gaynes RP, et al. Ceftazidime resistance among

90. Asensio A, Oliver A, Gonzalez-Diego P, et al. Outbreak of a multiresistant selected nosocomial gram-negative bacteria in the United States. J Infect Dis
Klebsiella pneumoniae strain in an intensive care unit: antibiotic use as risk 1994; 170: 1622-5
factor for colonization and infection. Clin Infect Dis 2000; 30 (1): 55-60 114. Livermore DM. β-Lactamases in laboratory and clinical resistance. Clin Microbiol

91. Einhorn AE, Neuhauser MM, Bearden DT, et al. Extended-spectrum beta- Rev 1995; 8: 557-84
lactamases: frequency, risk factors, and outcomes. Pharmacotherapy 2002; 22 115. Chow JW, Fine JM, Shlaes DM, et al. Enterobacter bacteraemia: clinical features
(1): 14-20 and emergence of antibiotic resistance during therapy. Ann Intern Med 1991;

92. Kim BN, Woo JH, Kim MN, et al. Clinical implications of extended-spectrum 115: 585-90
beta-lactamase-producing Klebsiella pneumoniae bacteraemia. J Hosp Infect 116. Robert R, Grollier G, Dore P, et al. Nosocomial pneumonia with isolation of
2002; 52 (2): 99-106 anaerobic bacteria in ICU patients: therapeutic considerations and outcome. J

Crit Care 1999; 14 (3): 114-993. Bartlett JG, O’Keefe P, Tally FP, et al. Bacteriology of hospital-acquired pneumo-
nia. Arch Intern Med 1986; 146 (5): 868-71 117. Bartlett JG. Anaerobic bacterial infections of the lung. Chest 1987; 91: 901-9

94. Bartlett JG, Gorbach SL. Treatment of aspiration pneumonia and primary lung 118. Chow AW, Bednorz D. Comparative in vitro activity of newer cephalosporins
abscess: penicillin G vs clindamycin. JAMA 1975; 234 (9): 935-7 against anaerobic bacteria. Antimicrob Agents Chemother 1978; 14: 668-71

95. Rello J, Mariscal D, Gallego M, et al. Effect of enriched thioglycolate on direct 119. Schreiner A. Use of clindamycin in lower respiratory tract infections. Scand J
examination of respiratory specimens and guiding initial empirical therapy in Infect Dis Suppl 1984; 43: 56-61
intubated patients with pneumonia: a prospective, randomized study. Crit Care 120. Perlino CA. Metronidazole vs clindamycin treatment of anaerobic pulmonary
Med 2002; 30 (2): 311-4 infection: failure of metronidazole therapy. Arch Intern Med 1981; 141 (11):

96. Dore P, Robert R, Grollier G, et al. Incidence of anaerobes in ventilator-associated 1424-7
pneumonia with use of a protected specimen brush. Am J Respir Crit Care Med 121. Sanders CV, Hanna BJ, Lewis AC. Metronidazole in the treatment of anaerobic
1996; 153 (4 Pt 1): 1292-8 infections. Am Rev Respir Dis 1979; 120 (2): 337-43

97. Marik PE, Careau P. The role of anaerobes in patients with ventilator-associated 122. Hoban DJ, Biedenbach DJ, Mutnick AH, et al. Pathogen of occurrence and
pneumonia and aspiration pneumonia: a prospective study. Chest 1999; 115 (1): susceptibility patterns associated with pneumonia in hospitalized patients in
178-83 North America: results of the SENTRY Antimicrobial Surveillance Study

98. Chang FY, Jacobs SL, Colodny SM, et al. Nosocomial Legionnaires’ disease (2000). Diagn Microbiol Infect Dis 2003; 45 (4): 279-85
caused by Legionella pneumophila serogroup 5: laboratory and epidemiologic 123. Gales AC, Sader HH, Jones RN. Respiratory tract pathogens isolated from patients
implications. J Infect Dis 1996; 174 (5): 1116-9 hospitalized with suspected pneumonia in Latin America: frequency of occur-

99. Goetz AM, Stout JE, Jacobs SL, et al. Nosocomial legionnaires’ disease discovered rence and antimicrobial susceptibility profile: results from the SENTRY Anti-
in community hospitals following cultures of the water system: seek and ye microbial Surveillance Program (1997-2000). Diagn Microbiol Infect Dis 2002;
shall find. Am J Infect Control 1998; 26 (1): 8-11 44 (3): 301-11

100. Stout JE, Brennen C, Muder RR. Legionnaires’ disease in a newly constructed 124. Ike Y, Arakawa Y, Ma X, et al. Nationwide survey shows that methicillin-resistant
long-term care facility. J Am Geriatr Soc 2000; 48 (12): 1589-92 Staphylococcus aureus strains heterogeneously and intermediately resistant to

vancomycin are not disseminated throughout Japanese hospitals. J Clin101. Darelid J, Lofgren S, Malmvall BE. Control of nosocomial Legionnaires’ disease
Microbiol 2001; 39 (12): 4445-51by keeping the circulating hot water temperature above 55 degrees C: experi-

ence from a 10-year surveillance programme in a district general hospital. J 125. Fagon JY, Maillet JM, Novara A. Hospital-acquired pneumonia: methicillin resis-
Hosp Infect 2002; 50 (3): 213-9 tance and intensive care unit admission. Am J Med 1998; 104 (5A): 17S-23S

102. Bates JH, Campbell GD, Barron AL, et al. Microbial etiology of acute pneumonia 126. Lamb HM, Figgitt DP, Faulds D. Quinupristin/dalfopristin: a review of its use in
in hospitalized patients. Chest 1992; 101 (4): 1005-12 the management of serious gram-positive infections. Drugs 1999; 58 (6):

1061-97103. Grayston JT, Diwan VK, Cooney M, et al. Community- and hospital-acquired
pneumonia associated with Chlamydia TWAR infection demonstrated serologi- 127. Fagon J, Patrick H, Haas DW, et al. Treatment of gram-positive nosocomial
cally. Arch Intern Med 1989; 149 (1): 169-73 pneumonia: prospective randomized comparison of quinupristin/dalfopristin

© 2006 Adis Data Information BV. All rights reserved. Treat Respir Med 2006; 5 (1)



Nosocomial Pneumonia 29

versus vancomycin. Nosocomial Pneumonia Group. Am J Respir Crit Care 149. Lin JC, Yeh KM, Peng MY, et al. Efficacy of cefepime versus ceftazidime in the
Med 2000; 161 (3 Pt 1): 753-62 treatment of adult pneumonia. J Microbiol Immunol Infect 2001; 34 (2): 131-7

128. Stout JE, Arnold B, Yu VL. Activity of azithromycin, clarithromycin, roxithro- 150. Friedman ND, Korman TM, Fairley CK, et al. Bacteraemia due to Steno-
mycin, dirithromycin, quinupristin/dalfopristin and erythromycin against Le- trophomonas maltophilia: an analysis of 45 episodes. J Infect 2002; 45 (1):
gionella species by intracellular susceptibility testing in HL-60 cells. J An- 47-53
timicrob Chemother 1998; 41 (2): 289-91 151. Vartivarian S, Anaissie E. Stenotrophomonas maltophilia and Burkholderia

129. Stout JE, Arnold B, Yu VL. Comparative activity of ciprofloxacin, ofloxacin, cepacia. In: Mandell GL, Bennett JE, Dolin R, editors. Mandell, Douglas, and
levofloxacin, and erythromycin against Legionella species by broth microdilu- Bennett’s principles and practice of infectious diseases. Philadelphia (PA):
tion and intracellular susceptibility testing in HL-60 cells. Diagn Microbiol Churchill Livingstone, 2000: 2335-9
Infect Dis 1998; 30 (1): 37-43 152. Wolff M, Joly-Guillou ML, Farinotti R, et al. In vivo efficacies of combinations of

130. Stout JE, Yu VL. Legionellosis. N Engl J Med 1997; 337 (10): 682-7 beta-lactams, beta-lactamase inhibitors, and rifampin against Acinetobacter
baumannii in a mouse pneumonia model. Antimicrob Agents Chemother 1999;131. Crouch BS, Wunderink RG, Jones CB, et al. Ventilator-associated pneumonia due
43 (6): 1406-11to Pseudomonas aeruginosa. Chest 1996; 109 (4): 1019-29

153. Montero A, Ariza J, Corbella X, et al. Efficacy of colistin versus beta-lactams,132. Fagon JY, Chastre J, Domart Y, et al. Mortality due to ventilator-associated
aminoglycosides, and rifampin as monotherapy in a mouse model of pneumoniapneumonia or colonization with Pseudomonas or Acinetobacter species: assess-
caused by multiresistant Acinetobacter baumannii. Antimicrob Agentsment by quantitative culture of samples obtained by a protected specimen
Chemother 2002; 46 (6): 1946-52brush. Clin Infect Dis 1996; 23 (3): 538-42

154. Rodriguez-Hernandez MJ, Pachon J, Pichardo C, et al. Imipenem, doxycycline and133. Chastre J, Trouillet JL. Problem pathogens (Pseudomonas aeruginosa and
amikacin in monotherapy and in combination in Acinetobacter baumanniiAcinetobacter). Semin Respir Infect 2000; 15 (4): 287-98
experimental pneumonia. J Antimicrob Chemother 2000; 45 (4): 493-501134. Hyatt JM, Nix DE, Stratton CW, et al. In vitro pharmacodynamics of piperacillin,

155. West M, Boulanger BR, Fogarty C, et al. Levofloxacin compared with imipenem/piperacillin-tazobactam, and ciprofloxacin alone and in combination against
cilastatin followed by ciprofloxacin in adult patients with nosocomial pneumo-Staphylococcus aureus, Klebsiella pneumoniae, Enterobacter cloacae, and
nia: a multicenter, prospective, randomized, open-label study. Clin Ther 2003;Pseudomonas aeruginosa. Antimicrob Agents Chemother 1995; 39 (8): 1711-6
25 (2): 485-506135. Lynch III JP. Hospital-acquired pneumonia: risk factors, microbiology, and treat-

156. Davidson R, Cavalcanti R, Brunton JL, et al. Resistance to levofloxacin and failurement. Chest 2001; 119 (2 Suppl.): 373S-84S
of treatment of pneumococcal pneumonia. N Engl J Med 2002; 346 (10):136. Babini GS, Livermore DM. Antimicrobial resistance amongst Klebsiella spp.
747-50collected from intensive care units in Southern and Western Europe in

157. Empey PE, Jennings HR, Thornton AC, et al. Levofloxacin failure in a patient with1997-1998. J Antimicrob Chemother 2000; 45 (2): 183-9
pneumococcal pneumonia. Ann Pharmacother 2001; 35 (6): 687-90137. Fluit AC, Verhoef J, Schmitz FJ. Frequency of isolation and antimicrobial resis-

158. Dennesen PJ, Van der Ven AJ, Kessels AG, et al. Resolution of infectioustance of gram-negative and gram-positive bacteria from patients in intensive
parameters after antimicrobial therapy in patients with ventilator-associatedcare units of 25 European university hospitals participating in the European arm
pneumonia. Am J Respir Crit Care Med 2001; 163 (6): 1371-5of the SENTRY Antimicrobial Surveillance Program 1997-1998. Eur J Clin

Microbiol Infect Dis 2001; 20 (9): 617-25 159. Singh N, Rogers P, Atwood CW, et al. Short-course empiric antibiotic therapy for
patients with pulmonary infiltrates in the intensive care unit: a proposed138. Rubinstein E, Cammarata S, Oliphant T, et al. Linezolid (PNU-100766) versus
solution for indiscriminate antibiotic prescription. Am J Respir Crit Care Medvancomycin in the treatment of hospitalized patients with nosocomial pneumo-
2000; 162 (2 Pt 1): 505-11nia: a randomized, double-blind, multicenter study. Clin Infect Dis 2001; 32

(3): 402-12 160. Pugin J, Auckenthaler R, Mili N, et al. Diagnosis of ventilator-associated pneumo-
nia by bacteriologic analysis of bronchoscopic and nonbronchoscopic ‘blind’139. Wunderink RG, Cammarata SK, Oliphant TH, et al. Continuation of a randomized,
bronchoalveolar lavage fluid. Am Rev Respir Dis 1991; 143 (5 Pt 1): 1121-9double-blind, multicenter study of linezolid versus vancomycin in the treatment

of patients with nosocomial pneumonia. Clin Ther 2003; 25 (3): 980-92 161. Unertl KE, Lenhart FP, Forst H, et al. Systemic antibiotic treatment of nosocomial
pneumonia. Intensive Care Med 1992; 18 Suppl. 1: S28-34140. Stevens DL, Herr D, Lampiris H, et al. Linezolid versus vancomycin for the

treatment of methicillin-resistant Staphylococcus aureus infections. Clin Infect 162. Fabre D, Bressolle F, Gomeni R, et al. Steady-state pharmacokinetics of ciproflox-
Dis 2002; 34 (11): 1481-90 acin in plasma from patients with nosocomial pneumonia: penetration of the

bronchial mucosa. Antimicrob Agents Chemother 1991; 35 (12): 2521-5141. Rubinstein E, Isturiz R, Standiford HC, et al. Worldwide assessment of linezolid’s
clinical safety and tolerability: comparator-controlled phase III studies. An- 163. Aoun M, Klastersky J. Drug treatment of pneumonia in the hospital: what are the
timicrob Agents Chemother 2003; 47 (6): 1824-31 choices? Drugs 1991; 42 (6): 962-73

142. Pechere JC. Current and future management of infections due to methicillin- 164. Valcke YJ, Vogelaers DP, Colardyn FA, et al. Penetration of netilmicin in the
resistant staphylococci infections: the role of quinupristin/dalfopristin. J An- lower respiratory tract after once-daily dosing. Chest 1992; 101 (4): 1028-32
timicrob Chemother 1999; 44 Suppl. A: 11-8 165. Siegel RE, Halpern NA, Almenoff PL, et al. A prospective randomized study of

143. Abb J. In vitro activity of linezolid, quinupristin-dalfopristin, vancomycin, te- inpatient iv. antibiotics for community-acquired pneumonia: the optimal dura-
icoplanin, moxifloxacin and mupirocin against methicillin-resistant Staphylo- tion of therapy. Chest 1996; 110 (4): 965-71
coccus aureus: comparative evaluation by the E test and a broth microdilution 166. Omidvari K, de Boisblanc BP, Karam G, et al. Early transition to oral antibiotic
method. Diagn Microbiol Infect Dis 2002; 43 (4): 319-21 therapy for community-acquired pneumonia: duration of therapy, clinical out-

144. Fish DN, Singletary TJ. Meropenem, a new carbapenem antibiotic. Pharmacother- comes, and cost analysis. Respir Med 1998; 92 (8): 1032-9
apy 1997; 17 (4): 644-69 167. Castro-Guardiola A, Viejo-Rodriguez AL, Soler-Simon S, et al. Efficacy and

145. Craig WA. The pharmacology of meropenem, a new carbapenem antibiotic. Clin safety of oral and early-switch therapy for community-acquired pneumonia: a
Infect Dis 1997; 24 Suppl. 2: S266-75 randomized controlled trial. Am J Med 2001; 111 (5): 367-74

146. Alvarez LF. Efficacy of meropenem as monotherapy in the treatment of ventilator- 168. Ramirez JA, Vargas S, Ritter GW, et al. Early switch from intravenous to oral
associated pneumonia. J Chemother 2001; 13 (1): 70-81 antibiotics and early hospital discharge: a prospective observational study of

200 consecutive patients with community-acquired pneumonia. Arch Intern147. Mathai D, Lewis MT, Kugler KC, et al. Antibacterial activity of 41 antimicrobials
Med 1999; 159 (20): 2449-54tested against over 2773 bacterial isolates from hospitalized patients with

pneumonia: I--results from the SENTRY Antimicrobial Surveillance Program 169. Rhew DC, Tu GS, Ofman J, et al. Early switch and early discharge strategies in
(North America, 1998). Diagn Microbiol Infect Dis 2001; 39 (2): 105-16 patients with community-acquired pneumonia: a meta-analysis. Arch Intern

Med 2001; 161 (5): 722-7148. Beaucaire G, Nicolas MH, Martin C, et al. Phare study. Comparative study of
combined cefepime-amikacin versus ceftazidime combined with amikacin in 170. Luna CM, Blanzaco D, Niederman MS, et al. Resolution of ventilator-associated
the treatment of nosocomial pneumonias in ventilated patients. Multicenter pneumonia: prospective evaluation of the clinical pulmonary infection score as
group study [in French]. Ann Fr Anesth Reanim 1999; 18 (2): 186-95 an early clinical predictor of outcome. Crit Care Med 2003; 31 (3): 676-82

© 2006 Adis Data Information BV. All rights reserved. Treat Respir Med 2006; 5 (1)



30 Andriesse & Verhoef

171. Cross Jr JT, Campbell Jr GD. Therapy of nosocomial pneumonia. Med Clin North admitted during an epidemic season. Infect Control Hosp Epidemiol 1991; 12
Am 2001; 85 (6): 1583-94 (4): 231-8

172. Craven DE, Barber TW, Steger KA, et al. Nosocomial pneumonia in the 1990s: 178. Hirani NA, Macfarlane JT. Impact of management guidelines on the outcome of
update of epidemiology and risk factors. Semin Respir Infect 1990; 5 (3): severe community acquired pneumonia. Thorax 1997; 52 (1): 17-21
157-72 179. Lepine LA, Jernigan DB, Butler JC, et al. A recurrent outbreak of nosocomial

173. Holladay RC, Campbell Jr GD. Nosocomial viral pneumonia in the intensive care legionnaires’ disease detected by urinary antigen testing: evidence for long-
unit. Clin Chest Med 1995; 16 (1): 121-33 term colonization of a hospital plumbing system. Infect Control Hosp Epidemi-

174. CDC guidelines focus on prevention of nosocomial pneumonia. Am J Health Syst ol 1998; 19 (12): 905-10
Pharm 1997; 54 (9): 1022, 1025 180. Ewig S, Paar WD, Pakos E, et al. Nosocomial ventilator-associated pneumonias

175. Hall CB. Hospital-acquired pneumonia in children: the role of respiratory viruses. caused by Aspergillus fumigatus in non-immunosuppressed, non-neutropenic
Semin Respir Infect 1987; 2 (1): 48-56 patients [in German]. Pneumologie 1998; 52 (2): 85-90

176. Zar HJ, Cotton MF. Nosocomial pneumonia in pediatric patients: practical
problems and rational solutions. Paediatr Drugs 2002; 4 (2): 73-83

Correspondence and offprints: Gunnar I. Andriesse, University Medical177. Goldwater PN, Martin AJ, Ryan B, et al. A survey of nosocomial respiratory viral
infections in a children’s hospital: occult respiratory infection in patients Center Utrecht, Heidelberglaan 100, Utrecht, 3508 GA, The Netherlands.

© 2006 Adis Data Information BV. All rights reserved. Treat Respir Med 2006; 5 (1)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




