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ABSTRACT

Pneumonia is a common infection among patients both in the
community and in the institutional setting and is a leading cause
of morbidity and mortality in Canada. In the hospital setting,
pneumonia is commonly associated with mechanical ventilation.
The impact is significant, with the combined indirect and direct
costs of community-acquired pneumonia in the United States
estimated at US$12.2 billion and the direct costs of nosocomial
pneumonia at US$2.2 billion. Several risk factors, such as altered
level of consciousness, immunosuppression, obstruction, and
malnutrition, may impair normal pulmonary defences. This
article provides an overview of the epidemiology, pathogenesis,
risk factors, diagnosis, management, and prevention of
community- and hospital-acquired pneumonia, as well as issues
related to antimicrobial resistance.
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RESUME

La pneumonie est une infection courante chez les patients autant
dans la collectivité que dans les établissements de santé et 'une
des principales causes de morbidité et de mortalité au Canada.
Dans les établissements de santé, la pneumonie est souvent
associée a l'utilisation de la ventilation artificielle. Les
conséquences sont considérables, comme en témoignent les
colts globaux directs et indirects de la pneumonie extra-
hospitaliére qui s’élévent aux Etats-Unis a environ 12,2 milliards
de dollars US et les cotts directs de la pneumonie nosocomiale
a 2,2 milliards de dollars US. Plusieurs facteurs de risque, comme
une altération de la conscience, I'immunosuppression, une
obstruction ou la malnutrition peuvent entraver les défenses
naturelles des poumons. Cet article présente un apercu de
I'épidémiologie, de la pathogenese, des facteurs de risque, du
diagnostic, du traitement et de la prévention de la pneumonie
extra-hospitaliére et nosocomiale, de méme que des problemes
liés a la résistance aux antimicrobiens.

Mots clés : pneumonie, extra-hospitaliere; pneumonie,
nosocomiale; pneumonie, liée a la ventilation artificielle;
résistance aux antibiotiques
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INTRODUCTION

Pneumonia, an infection of the lungs, is common
among patients in both the community and the
institutional setting and is a leading cause of morbidity
and mortality in Canada. In 2001, combined with
influenza, pneumonia was the seventh leading cause of
death in the United States, after cardiovascular disease,
cancer, cerebrovascular disease, chronic obstructive
pulmonary disease (COPD), accidents, and diabetes
mellitus.! In the community setting, elderly patients
account for most admissions to hospital and most deaths
due (CAP)?
Nosocomial or hospital-acquired pneumonia (HAP) is
the second most common nosocomial infection after
urinary tract infection.? In the intensive care unit (ICU),
ventilator-associated pneumonia (VAP) is common in
mechanically ventilated patients, accounting for 86% of
HAP?* Several risk factors such as age and concurrent
illnesses may predispose a patient to pneumonia or may
affect morbidity and mortality rates. Over the past
decade, guidelines have been developed for the
management, treatment, and prevention of pneumonia
in various settings. This article provides an overview of
the epidemiology, pathogenesis, risk factors, diagnosis,
management, and prevention of pneumonia, as well as
the causative pathogenic organisms and antimicrobial

to community-acquired pneumonia

resistance issues.

PATHOGENESIS

Several pulmonary defence mechanisms in the
upper airway (e.g., nasopharynx) and the lower airway
(e.g., bronchi and alveoli) function to prevent pulmonary
infections. Particulate matter and microorganisms are
eliminated through anatomic and mechanical barriers,
humoral and cell-mediated immunity, and phagocytic
activity.>® Details about these defence mechanisms are
available in other reviews and will not be presented
here. For an invasive infection to occur, the pathogens
must gain access to the lungs by direct inoculation,
hematogenous spread, inhalation of aerosolized inocula,
or aspiration of bacteria that colonize mucosal surfaces.®
Bacterial colonization of the upper airway followed by
aspiration of oropharyngeal contents into the lower
respiratory tract is the most common cause of a
respiratory tract infection. The bacterial load after
colonization of the upper airway may be as high as
10° to 10" organisms per millilitre in oropharyngeal
secretions in the normal host. It has been estimated that
45% of the population experiences aspiration during
sleep.” Aspiration of oropharyngeal secretions is more

common among patients with altered level of consciousness
because of stroke, seizures, alcohol or sedative use, drug
intoxication, or underlying diseases.®

Other factors that may impair pulmonary host
defences include immunosuppression, obstruction, and
malnutrition. Exposure to chemical irritants such as
tobacco smoke is known to impair mucociliary and
macrophage activity, thus interfering with the clearance
of particulate matter. Consumption of ethanol may also
impair defences by inhibiting cough and epiglottic
reflexes. In addition to these mechanisms, some
pathogens such as Mycoplasma pneumoniae and
Haemophilus influenzae may impair ciliary function,
while viral infections (e.g., influenza) may damage the
respiratory epithelium and impair neutrophil and
macrophage activity.® Furthermore, underlying diseases
such as COPD, cystic fibrosis, and malignancy may
predispose patients to pneumonia because of structural
dysfunction or obstruction.

In contrast, many patients in the ICU undergo
intubation with an endotracheal tube and mechanical
ventilation. These procedures bypass many of the
natural pulmonary defences, placing the patient at
greater risk of VAP by facilitating acquisition of and
colonization by pathogenic organisms.*® An endotracheal
tube, for example, bypasses the cough and mucociliary
defences.” Inoculation and colonization of the lower
respiratory tract may also be facilitated by medical staff
and ventilator equipment.*’

SYMPTOMS

The symptoms of pneumonia include fever or
hypothermia, rigours, sweats, cough, sputum production,
change in sputum colour, pleuritic chest pain, shortness
of breath, and tachypnea. Nonspecific symptoms or
complaints, such as nausea, vomiting, abdominal pain,
loss of appetite, fatigue, myalgias, arthralgias, and
headache, occur in approximately 10% to 30% of patients
with CAP.*" Among elderly patients, however, fever,
cough, and shortness of breath are less commonly
reported.’*® As a result, the recognition and treatment of
pneumonia may be delayed in this age group. In the
absence of other complaints, confusion or altered
mental status may be more common among elderly
patients.”? Unfortunately, this constellation of symptoms
is not useful in determining the specific bacterial cause
of pneumonia.? In patients with HAP, similar symptoms
may be present; in patients with VAP, the symptoms may
be less obvious and pneumonia more difficult to
diagnose.*’
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DIAGNOSIS

In addition to the symptoms described above,
several findings consistent with pneumonia can be
detected through noninvasive and invasive tests.
Auscultatory changes such as altered air exchange, breath
sounds, or rales may be detected." Chest radiography
may show pulmonary infiltrates consistent with acute
pneumonia.” Signs of consolidation and tachypnea may
also be found." Resolution of such symptoms may be
delayed even if the patient receives appropriate antibiotic
therapy. In CAP, for example, a majority (64.3% to 86.5%)
of patients who have undergone treatment may
experience at least one symptom of CAP several weeks
after their initial presentation.?

Along with history and physical examination,
noninvasive tests may include Gram staining, blood
culture, sputum culture, and chest radiography, depending
on the site of care (outpatient or inpatient). For most
ambulatory patients with CAP, microbiologic investigations
and chest radiography are not required. In contrast,
culture of the sputum, blood, and other body sites, as
well as chest radiography, is often performed for
hospital inpatients. In conjunction with signs and
symptoms, a chest radiograph aids in the diagnosis of
pneumonia by characterizing the extent and severity of
disease. In the absence of a chest radiograph, the
differential diagnosis based on symptoms may include
noninfectious causes (e.g., reactive airway disease,
congestive heart failure, pulmonary embolism), as well
as upper and lower respiratory tract infections."
Depending on the severity of illness, invasive tests such
as transtracheal or transthoracic aspiration, thoracentesis,
open lung biopsy, or bronchoscopy (with protected
specimen brush or bronchoalveolar lavage) may also be
considered to aid in identifying a causative pathogen.

COMMUNITY-ACQUIRED PNEUMONIA
Epidemiology

CAP is defined as an acute infection of the lung
parenchyma occurring in patients residing outside of a
hospital or in patients who have been living in a long-
term care facility for up to 2 weeks." In the United States,
the annual incidence of CAP is estimated at 12 to 18
cases per 1000 population, resulting in 0.6 million to 1.0
million hospital admissions and an estimated 40 000 to
60 000 deaths per year.™'* Up to 80% of patients with
CAP are treated in the ambulatory outpatient setting.?
Depending on age and concurrent illnesses, the mortality
rate associated with CAP ranges from less than 1% to
30%. The overall economic impact of CAP in the United

States was estimated at US$8 billion in 1998, with
approximately 60% (US$4.8 billion) attributed to elderly
patients (older than 65 years), who are the most
vulnerable.” In addition, the length of hospital stay was
longer for older patients, 7.8 versus 5.8 days for elderly
and younger patients, respectively.” In a recent study of
a US claims database, Colice and others* estimated the
cost of CAP, including direct and indirect costs, at
US$12.2 billion. Similar data are not available for
Canada, but given the relative populations of the 2
countries, the number of hospital admissions, the
number of deaths, and the associated costs in Canada
may be 10% of the US values.

Risk Factors

As described previously, many conditions increase
the risk of aspiration of oropharyngeal secretions or
impair pulmonary host defences. The independent risk
factors for pneumococcal infections identified in one
study included dementia, seizure disorders, cigarette
smoking, congestive heart failure, cerebrovascular
disease, living in an institutional setting, and COPD."” In
a study of 4175 elderly patients, over 57% of those with
pneumonia had one or more of the following factors:
heart disease, lung disease, asthma, immunosuppressive
therapy, or alcoholism or were living in an institution.?

Several independent risk factors for mortality, similar
to those predisposing patients to CAP, have been
identified, including age (greater than 065 years),
immunosuppression, malignancy, congestive heart
failure, diabetes mellitus, alcohol consumption, neurologic
disorders, and laboratory abnormalities (such as
hyponatremia, hyperglycemia, azotemia, hypoalbuminemia,
hypoxemia, and abnormalities on liver function testing)."
The presence of dyspnea, chills, altered mental status,
hypothermia or fever, tachypnea, and hypotension have
been associated with a higher mortality rate."! Radio-
graphic findings (e.g., pleural effusion or pulmonary
infiltrate) have also been associated with increased risk
of mortality."

Causes

The cause of CAP is unknown in the majority of
cases, and a pathogen is recovered in only 40% to 60%
of cases. Factors such as alcoholism, COPD, site of care,
animal exposure, travel history, aspiration, viral
infections, and comorbidities may influence the causative
pathogen.? The most common bacteria causing CAP
include Streptococcus pneumoniae, H. influenzae,
Staphylococcus aureus, and atypical pathogens such

as Legionella spp., Chlamydia pneumoniae, and
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Mycoplasma spp. (see Table 1)." In the ambulatory
setting, M. pneumoniae appears to be the most common
pathogen.? Among patients with CAP who require
hospital admission, S. pneumoniae is the most common
cause, followed by C. pneumoniae, H. influenzae, and
Legionella pneumophila.** In 2% to 5% of cases of CAP,
multiple pathogens have been identified." Less common
causes of CAP include S. aureus and gram-negative
organisms such as Klebsiella spp. and Pseudomonas
aeruginosa. Nonbacterial causes of CAP include viruses
(e.g., respiratory syncytial virus, influenza virus) and
fungi. Secondary bacterial infections following respiratory
viral infection are relatively common.'® Recent guidelines
have stratified the likely causes of CAP on the basis of
patient age, site of acquisition (community or nursing
home), site of care (ambulatory, hospital ward, or ICU),
and comorbidities.?! 10

Antibiotic Resistance

Of global concern has been the increasing
prevalence of antibiotic resistance among CAP
pathogens. Bacteria may become resistant to an antibiotic
because of a change in target site, production of antibiotic-
modifying or antibiotic-inactivating enzymes, decreased
penetration of the agent into the bacteria, or presence of
an efflux pump.? The overuse of antibiotics in humans
and agriculture are 2 factors contributing to the rise in
antibiotic resistance.? This rise in resistance has resulted
in significant changes in the management of CAP over
the past decade. For example, the emergence of
H. influenzae and Moraxella catarrbalis capable of
producing f-lactamase (an inactivating enzyme) has
limited the use of older B-lactam antibiotics such as
penicillin and amoxicillin.?

Over the past decade, concern has focused on the
emergence of penicillin-resistant S. pneumoniae (PRSP).
The susceptibility of S. pneumoniae is currently defined
by the Clinical and Laboratory Standards Institute (CLSD)
(formerly the National Committee for Clinical Laboratory
Standards) as follows: penicillin-susceptible, minimum
inhibitory concentration (MIC) less than 0.06 pg/mlL;
intermediate susceptibility, MIC 0.12 to 1 pg/mL; and
penicillin-resistant, MIC greater than 2 pg/mL.%* PRSP was
first described in the 1960s and remained relatively
uncommon in North America until the 1990s.* Penicillin
resistance in this organism is due to a gene mutation
resulting in a change in the penicillin-binding proteins,
enzymes in the bacterial cell membrane which are
responsible for synthesis of the bacterial cell wall and
which are the target sites for penicillin. Selective pressure
from the overuse of penicillin and other f£-lactam

Table 1. Causes of Community-Acquired Pneumonia*

Cause Prevalence (%)
Streptococcus pneumoniae 20-60
Haemophilus influenzae 3-10
Staphylococcus aureus 3-5
Gram-negative bacilli 3-10
Miscellaneoust 3-5
Atypical organisms

Legionella spp. 2-8

Chlamydia pneumoniae 3-6

Mycoplasma pneumoniae 1-6
Viruses 2-15
Aspiration 6-10

*Source: Bartlett and Mundy.™
tincludes Moraxella catarrhalis, group A Streptococcus, Neisseria
meningitidis.

antibiotics is thought to have been the major contributor
to the emergence of PRSP.» The prevalence of PRSP in
Canada was 2.5% in 1988.* More recently, the
prevalence of PRSP (intermediate susceptibility and
resistant) ranged from 21.2% to 24% among respiratory
isolates of S. pneumoniae collected between 1997 and
2003.7 Of particular importance has been the rise in
resistant S. preumoniae isolates, from 2.4% in 1999 to
13.8% in 2002.7 In addition, the proportion of multidrug-
resistant (MDR) S. pneumoniae increased from 2.7% in
1997 to 8.8% in 2002.” Strains of S. pneumoniae resistant
to antibiotics such as macrolides and fluoroquinolones
have been reported globally.

The prevalence of macrolide resistance in Canada is
increasing, although its clinical impact remains to be
determined. Reports of macrolide treatment failure have
been published, although the number of cases remains
low (because of low volume of macrolide use).® The
mechanism for macrolide resistance is an efflux pump
(due to the mefA gene) or ribosomal methylation (due to
the ermB gene) blocking the binding of macrolides to
the ribosomal target site in S. pneumoniae. In North
America, the mechanism of resistance is evenly divided
between efflux and ribosomal methylation.”

The impact of increased fluoroquinolone consumption

the emergence of fluoroquinolone-resistant
S. pneumoniae in Canada have been described by Chen
and others.* The annual number of fluoroquinolone
prescriptions increased from 0.8 to 5.5 per 100 persons
between 1988 and 1997, while the prevalence of
S. pneumoniae with susceptibility  to
fluoroquinolones increased from 0% in 1993 to 1.7% in
1997/98.% Not surprisingly, treatment failure in patients
with CAP receiving respiratory fluoroquinolones

and

reduced

CJHP — Vol. 58, No. 4 — September 2005 E& JCPH — Vol. 58, n° 4 — septembre 2005



(e.g., levofloxacin), caused by fluoroquinolone-resistant
S. pneumoniae, has since been reported.’* The
mechanism of this resistance is related to changes in
S. pneumoniae DNA gyrase and topoisomerase
(fluoroquinolone target sites) caused by gene mutations
or by the presence of an efflux pump. These reports
highlight the selective pressure of increasing use of
fluoroquinolones and the selection of antibiotic
resistance in S. pneumoniae. In an update on CAP
management, Mandell and others expressed concern
about the overuse of fluoroquinolones and the potential
loss of this drug class as a treatment for pneumonia.

Management and Treatment

Over the past 10 years, several guidelines have been
published in response to evolving knowledge about CAP
and antibiotic-resistant pathogens. In 2000, guidelines of
the Infectious Diseases Society of America (IDSA)" and of
the Canadian Infectious Diseases Society (CIDS), in
association with the Canadian Thoracic Society (CTS),?
were published simultaneously. These guidelines reviewed
the epidemiology, diagnosis, risk factors, management,
and treatment of CAP in depth. A recently published
update of CAP management addressed new concerns and
treatment approaches developed since 2000. A significant
aspect of the more recent guidelines has been support for
the use of prognostic scoring to identify patients who
should be admitted to hospital. Past surveys have suggested
wide variation between hospitals in both Canada and the
United States in terms of length of stay for patients with
CAP.»*% Differences in the length of stay may be attributed
to physicians overestimating the risk of death among
patients with CAP, which could result in unnecessary
hospital admissions. As a result, criteria or prognostic
factors have been developed to assist physicians in
identifying patients who should be admitted.

The most common method is the Pneumonia Severity
Index (PSD, which was developed by Fine and others*
to identify patients with CAP at low risk of death who
can be managed as outpatients (Figure 1). Factors
associated with mortality were derived from a database
of over 14 000 patients and were validated in over 40 000
patients (Table 2). The PSI allows patients to be classified
into 5 risk classes. In the first stage of a 2-step process,
patients are screened according to age, comorbidities,
and physical findings to identify low-risk patients (class
D, who may safely be managed as outpatients. Patients
in classes II to V are assigned weighted scores according
to age, comorbidities, and physical, radiologic, and
laboratory findings. Class I patients have the lowest risk
of mortality (0.1%). Patients in classes II and III may also

be managed as outpatients since the risk of mortality is
less than 1%, although some class III patients may
require a brief hospital stay. In contrast, patients in
classes IV and V must generally be admitted to hospital
because of their high mortality risk (9% to 27%). Use of the
PSI in association with treatment guidelines may result in
cost savings for institutions treating patients with CAP¥%
Canadian recommendations (from the CIDS and CTS)
are presented in Table 3. These recommendations were
derived through expert and are not
randomized

consensus

necessarily based on clinical trials.?
Recommendations for use of antibiotics in the treatment of
CAP take into consideration the site of care, probable
pathogens, prevalence of antibiotic resistance, and the
empiric nature of initial CAP management. B-Lactam
antibiotics, macrolides, respiratory fluoroquinolones, and
doxycycline have all been used for empiric treatment of
CAP.>* The advantages, disadvantages, and adverse effects
of these agents have been presented in recent reviews.>*
For outpatient treatment, macrolides (erythromycin,
azithromycin, and clarithromycin) are generally
recommended.? For patients with comorbidities and/or
exposure to steroids or antibiotics,
fluoroquinolones (agents with activity against S. preumoniae),

such as levofloxacin, gatifloxacin, and moxifloxacin, are

respiratory

recommended.? For nursing home residents, a respiratory
fluoroquinolone or amoxicillin—clavulanate plus a
macrolide may be used.? For patients requiring admission
to hospital, a respiratory fluoroquinolone is recommended

Table 2. Risk Factors for Death in Patients with
Community-Acquired Pneumonia*

Age > 50 years
Male sex
Residence in a nursing home

Concurrent illness (neoplastic disease, congestive heart failure,
cerebrovascular disease, renal disease, liver disease)

Altered mental status

Pulse = 125/min

Respiratory rate = 30/min

Systolic blood pressure < 90 mm Hg
Temperature < 35°C or = 40°C

Blood urea nitrogen = 11 mmol/L
Glucose = 14 mmol/L

Hematocrit < 30%

Sodium < 130 mmol/L

Partial pressure of oxygen < 60 mm Hg
Arterial pH < 7.35

Pleural effusion

*Based on the pneumonia severity index of Fine and others.*
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Patient with community-acquired pneumonia

'

YES Assign patient
Age > 50 years? > to risk class Il to V according
to scoring system
l NO ;
Does the patient have any of the following Scoring system _
comorbid conditions? Characteristic Points
Neoplastic disease YES Demographic characteristics
Liver d's_ease . —> | Age: male Age (in years)
Congestive heart failure Age: female Age (in years) - 10
Cerebrovascular disease Nursing home resident +10

Renal disease

Comorbid conditions

Neoplastic disease +30
NO Liver disease +20
Congestive heart failure +10
Cerebrovascular disease +10
On physical examination, do any of the Renal disease +10
following exist? Physical examination findings
Altered mental status YES Altered mental status +20
Respiratory rate = 30/min —— | Respiratory rate > 30/min +20
Systolic blood pressure < 90 mm Hg Systolic blood pressure < 90 mm Hg +20
Temperature < 35°C or = 40°C +15
o > o
Temperature < 35°C or = 40°C Pulse = 125/min +10
Pulse = 125/min

Laboratory findings

pH <7.35 +30
NO BUN = 11 mmol/L +20
Sodium < 130 mmol/L +20
Glucose = 14 mmol/L +10
Patient assigned to risk class | Hematocrit < 30% +10
Po, < 60 mm Hg or O, saturation <90%  +10
Pleural effusion +10

Sum of points applicable to patient
(use to determine risk class)

f

Risk class assignment

Risk Class Basis Mortality Risk Recommended Site of Care
1 Algorithm Low (0.1%) Outpatient

] <70 points Low (0.6%) Outpatient

] 71-90 points Low (2.8%) Outpatient or brief inpatient
v 91-130 points Moderate (8.2%) Inpatient

\Y) >130 points High (29.2%) Inpatient

Figure 1. Prediction rules for assessment of mortality risk and recommendations for site of care. Reproduced, with permission, from
Gin AS, TAilor SAN. Community-acquired pneumonia. Can J Hosp Pharm 2001;54 Suppl 1:1-16. © Canadian Society
of Hospital Pharmacists.
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Table 3. Antibiotic Recommendations of the Canadian Infectious Diseases Society
and the Canadian Thoracic Society for Patients with Community-Acquired Pneumonia*

Site of Care First-Choice Antibiotict Alternative Antibiotict
Outpatient
No modifying factors Macrolide Doxycycline
COPD, no antibiotics or steroids New macrolide Doxycycline
COPD, recent antibiotics or steroids "Respiratory” fluoroquinolone Amoxicillin—clavulanate + macrolide
OR

Suspected macro-aspiration

Amoxicillin—clavulanate + macrolide

SGC + macrolide

“Respiratory” fluoroguinolone + clindamycin
or metronidazole

Nursing home "Respiratory” fluoroquinolone

OR

SGC + new macrolide

amoxicillin-clavulanate + new macrolide

Medical ward “Respiratory” fluoroguinolone

Second-generation or higher cephalosporin
+ macrolide

Intensive care unit

B-lactam or aminoglycoside

IV “respiratory” fluoroguinolone + cefotaxime,
ceftriaxone, or B-lactam/B-lactamase inhibitor
If Pseudomonas aeruginosa is suspected,
antipseudomonal fluoroquinolone
(e.g., ciprofloxacin) + antipseudomonal

IV macrolide + cefotaxime, ceftriaxone, or
B-lactam/B-lactamase inhibitor

Triple therapy: antipseudomonal B-lactam
(e.g., ceftazidime, piperacillin-tazobactam,
imipenem, or meropenem) + aminoglycoside
(e.g., gentamicin, tobramycin, or amikacin)
+ macrolides

COPD = chronic obstructive pulmonary disease.

*Adapted, with permission, from Mandell LA, Marrie TJ, Grossman RF, Chow AW, Hyland RH. Canadian guidelines for the initial management
of community-acquired pneumonia: an evidence-based update by the Canadian Infectious Diseases Society and the Canadian Thoracic Society.

Clin Infect Dis 2000;31:383-421. © Infectious Diseases Society of America.

tMacrolide = erythromycin, clarithromycin, or azithromycin; new macrolide = clarithromycin or azithromycin; “respiratory”
fluoroquinolone = fluoroquinolone with activity against Streptococcus pneumoniae (levofloxacin, gatifloxacin, or moxifloxacin),

SGC = second-generation cephalosporin (e.g., cefuroxime, cefprozil).
tFor atypical pathogens (e.g., Legionella) if required.

as the initial agent for the empiric treatment of CAP.> For
patients admitted to the ICU, other pathogens such as
P. aeruginosa or other gram-negative enteric pathogens
may need to be considered and therapy adjusted
accordingly.? For pseudomonal pneumonia,
guidelines have suggested combining an antipseudomonal
3-lactam with a fluoroquinolone or an aminoglycoside.*'"'¢
In vitro synergy has been demonstrated with the
B-lactam—aminoglycoside combination but not with the
B-lactam— fluoroquinolone combination; the latter exhibited
an additive but not antagonistic effect.?

The duration of treatment for CAP ranges from 7
to 21 days depending on the severity of illness. As

recent

previously indicated, the increasing use of fluoroquinolones
has led to concerns that rising fluoroquinolone resistance
may negate the usefulness of these agents for CAP
within 5 to 10 years.” Once the pathogen and antibiotic
susceptibilities are known, consideration should be
given to streamlining therapy according to results, i.e.,
use of focused, less broadly active agents. IV administration
of penicillin, for example, may be used for nonmeningeal
PRSP infections such as CAP with MICs of up to
4 ng/mlL.>2

More recently, however, the IDSA has recommended
that cefotaxime and ceftriaxone be the preferred TV
agents for treatment of pneumococcal pneumonia (with-
out meningitis) due to strains of S. pneumoniae with
reduced penicillin susceptibility but with cefotaxime or
ceftriaxone MICs less than 2 pg/mL." For cefotaxime and
ceftriaxone, use of the new break-points assumes
minimal dosing of 1 g g8h in adults or 50 mg/kg q8h in
children.* These recommendations are based on new
interpretative standards for cefotaxime and ceftriaxone
defining nonmeningeal and meningeal break-points.*
Strains of §. pneumoniae causing nonmeningeal
infection are considered resistant if cefotaxime and
ceftriaxone MICs are greater than 4 pg/mL.* Changes
in the interpretative break-points have been made in
recognition of the clinical success observed in patients
with PRSP pneumonia.® As clinicians apply the new
interpretative break-points, the use of third-generation
cephalosporins may increase. This change highlights the
need for adequate susceptibility testing and understanding
of local PRSP epidemiology.

Since the publication of the Canadian guidelines,
new agents (e.g., telithromycin) and shorter courses of
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therapy have been explored for the treatment of CAP.
The advantages of short-course therapy include lower
costs, better compliance, fewer adverse events, and
fewer office wvisits.® Short-course therapy with
macrolides (e.g., azithromycin), 8-lactam antibiotics, and
telithromycin®* has been explored. Telithromycin, a
once-daily oral ketolide antibiotic, is a semisynthetic
derivative of the macrolides.” Although its mechanism of
action is similar to that of the macrolides, telithromycin
has greater affinity for the ribosomal target site and maintains
activity even in the presence of macrolide-resistant
S. pneumoniae mediated by mefd or ermB.” In
comparative studies, telithromycin appears effective in
the treatment of CAP, although its use in more severely
ill patients requires further study.® Tellier and others®
found that, among ambulatory patients, telithromycin
administered for 5 or 7 days was as effective as
clarithromycin administered for 10 days. In Canada,
telithromcyin has recently been approved for a 7-day
course of treatment for CAP.

With respect to the respiratory fluoroquinolones, a
higher dose of levofloxacin (750 mg orally or parenterally)
was recently approved for the 5-day treatment of CAP.
Dunbar and others®* found that levofloxacin 750 mg for
5 days (IV or PO) was as effective as levofloxacin 500 mg
for 10 days (IV or PO) for the treatment of patients in PSI
classes 1 to IV. The higher dose takes advantage of
the concentration-dependent pharmacodynamic effect
of the fluoroquinolones, which shortens the course
of treatment. A comprehensive review of the
pharmacodynamic activity of antibiotics has been
published previously.®® The pharmacodynamic effect
of antibiotics is generally classified as time-dependent
(e.g., B-lactams) or concentration-dependent (e.g.,
aminoglycosides, fluoroquinolones).”* For time-dependent
antibiotics, maximum bactericidal activity is obtained if
the concentration of the antibiotic remains above the
MIC of the pathogen for 40% to 60% (or more) of the
antibiotic dosing interval.®® In contrast, for concentration-
dependent antibiotics, the higher the concentration, the
greater the extent and rate of bactericidal activity.”

Prevention

Influenza is known to exacerbate underlying
pulmonary and cardiac conditions and to lead to
secondary bacterial pneumonia or primary viral pneumonia,
in addition, infection with influenza virus may occur
concurrently with other pathogens.” The use of influenza
vaccination in target groups is supported by the Centers
for Disease Control and Prevention in the United States™
and the National Advisory Committee on Immunization

(NACD in Canada.® The target groups for whom NACI
recommended influenza vaccination for the 2004/05
influenza season are listed in Table 4. In addition to
these target groups, vaccination is also encouraged for
healthy individuals 2 to 64 years of age.® The benefit of
vaccination has been reported by Nichol and others,
who studied elderly residents living in the community.*
Influenza vaccination reduced the risk of hospital
admission due to pneumonia, cardiac disease, and
cerebrovascular disease by 32%, 19%, and 16%,
respectively, and the risk of death by 48%. The
importance of vaccinating health care workers was
demonstrated by Carman and others,” who found that
the mortality rate due to influenza was lower in hospitals
with a high vaccination rate for health care workers than
in hospitals with a lower vaccination rate. In a study of
influenza vaccination rates in Alberta, under-utilization of
vaccination for elderly people was associated with
increased utilization of health services for CAP.*

Given the prevalence of S. prneumoniae, pneumococcal
vaccination of at-risk groups is also recommended.*"!¢
Vaccination with the pneumococcal 23-valent
polysaccharide vaccine is recommended for elderly
patients and patients with risk factors (Table 5).5
For patients less than 2 years of age, the 7-valent
pneumococcal conjugate vaccine may be used.®
Pneumococcal antibody levels may decline over 5 to 10
years, although the exact duration of immunity is
unknown.” Antibody levels may decline more rapidly in

Table 4. Target Groups for Influenza Vaccination
(National Advisory Committee on Immunization)*

Adults and children with chronic cardiac or pulmonary disease
(including bronchopulmonary dysplasia, cystic fibrosis, and asthma)
severe enough to require medical follow-up or hospital care

People of any age who are residents of nursing homes or other
chronic care facilities

People > 65 years of age

Adults and children with chronic conditions, such as diabetes
mellitus and other metabolic diseases, cancer, immunodeficiency,
immunosuppression (due to underlying disease and/or therapy),
renal disease, anemia, or hemoglobinopathy

Children and adolescents (6 months to 18 years of age) with
conditions treated for long periods with acetylsalicylic acid

People at high risk of influenza complications who are embarking
on travel to destinations where influenza is likely to be circulating

People capable of transmitting influenza to those at high risk of
influenza-related complications (e.g., health care and other service
providers, household members, child care workers)

People who provide essential community services

People in direct contact with poultry infected with avian influenza
during culling operations
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certain patient groups.” The benefits of pneumococcal
vaccination have been widely discussed and supported.»o%

Spanish investigators found a direct correlation
between amount of tobacco smoking and incidence of
CAP In a case—control study of patients with CAP,
tobacco smoking was identified as an avoidable risk
factor for the disease.® Because tobacco smoking impairs
the normal pulmonary defences, smoking cessation
programs should be encouraged.

HOSPITAL-ACQUIRED PNEUMONIA
Epidemiology

HAP is defined as an acute infection of the
pulmonary parenchyma occurring in a patient who
has been in hospital for at least 48 h that was not
present at the time of admission. In 1995 the
American Thoracic Society (ATS) classified HAP on
the basis of risk factors, severity (mild to moderate or
severe), and the time of the pneumonia relative to the
patient’s admission (early or late).® The applicability
of these classifications remains controversial and, as
such, is beyond the scope of this article.*® In 2005
the ATS and the IDSA revised the guidelines to
include healthcare-associated pneumonia (HCAP), as
well as simplifying the classification of HAP to early
and late regardless of disease severity.’ Broadly,
HCAP includes pneumonia in any patient who was in
an acute care hospital for 2 or more days within
90 days preceding the infection; who resided in a
nursing home or long-term care facility; who received
IV antibiotic therapy, chemotherapy, or wound care
within 30 days preceding the current infection; or
who attended a hospital or hemodialysis clinic.” VAP
is defined as pneumonia occurring 2 to 3 days after
endotracheal intubation.’

HAP accounts for 15% of all nosocomial infections
and 27% of hospital-acquired infections in the ICU.> The
incidence of HAP ranges from 5 to 10 cases per 1000
hospital admissions.” The National Nosocomial Infections
Surveillance (NNIS) system has reported that the median
rate of VAP per 1000 ventilator days among participating
hospitals ranged from 2.9 to 15.1 in pediatric and trauma
ICUs, respectively.® The mortality rate attributed to HAP
ranged from 20% to 33%, while VAP, the more serious
form of HAP, may account for 60% of deaths due to a
nosocomial infection.? HAP may prolong patient stay in
the ICU by 4.3 to 6.1 days and the total stay in hospital
by 4 to 9 days.’ The cost of the increased length of
hospital stay in the United States was estimated at
$41 000 per patient, and direct annual costs of
US$2 billion have been estimated.®¢

Table 5. Patients at Risk of Pneumococcal Disease™

Highest risk
People > 2 years of age,* not previously immunized , in the following
risk categories, especially those with a recent diagnosis and/or newly
entering programs
Sickle cell disease, congenital or acquired asplenia, or splenic
dysfunction
Dialysis: upon commencement of dialysis, nephrotic syndrome
Multiple myeloma
Residence in a long-term care facility
Congenital immune deficiencies, specifically IgG, IgG subclass,
and IgM deficiencies, and severe combined immunodeficiencyt
Chronic cerebrospinal fluid leaks
Induced immunosuppression for organ transplant or post-
transplantation (bone marrow or stem cell and solid organ transplants)
Cochlear implants
Moderate to high risk
Age =75 years
Age 65-74 years of age with any of the following chronic underlying
illnesses:
Chronic renal disease, chronic renal insufficiency
Chronic cardiac disease (particularly cyanotic congenital heart
disease or cardiac failure)
Chronic pulmonary disease (excluding asthma, except those
treated with high-dose oral corticosteroid therapy)
HIV/AIDS
Chronic liver disease with or without ascites (e.g., cirrhosis,
alcoholism)

Diseases associated with immunosuppressive therapy or radiation
therapy, including autoimmune diseases being treated with
high-dose steroids and chemotherapy agent(s)
Malignancy (e.g., leukemia, Hodgkin's or non-Hodgkin's lymphoma)
Poorly controlled diabetes mellitus
*Children from 2 to 5 years of age may receive pneumococcal
polysaccharide 23-valent vaccine, but the pneumococcal conjugate
vaccine is generally preferred because of the age-dependent response.
Polysaccharide vaccine may be used both as a booster dose in this age
group and to increase the serotype coverage. Pneumococcal
polysaccharide vaccine is not indicated for use in children under 2
years of age, in whom the pneumococcal conjugate vaccine should
be used for routine prevention of invasive pneumococcal disease,
commencing at 2 months of age.
tPeople with granulocyte and complement disorders are not at risk.

Risk Factors

The risk factors for HAP and VAP have been grouped
into 4 categories: factors that enhance colonization of the
oropharynx or stomach, conditions favouring aspiration
or reflux from the gastrointestinal tract, conditions
requiring mechanical ventilation and exposure to
contamination through personnel or respiratory devices,
and host factors’, the latter include advanced age,
malnutrition, and severe underlying conditions such as
immunosuppression’® (see also Table 6).
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Table 6. Risk Factors in Hospital-Acquired
Pneumonia and Ventilator-Associated Pneumonia®

Factors Predisposing
to Aspiration

Witnessed aspiration
Supine positioning
Coma

Enteral nutrition
Nasogastric tube
Reintubation
Tracheostomy
Patient transport

Acute respiratory distress
syndrome

Head trauma

Monitoring of intracranial
pressure

Factors Predisposing to
Colonization

Chronic obstructive pulmonary disease
Antacids or histamine type-2 antagonists
Tracheostomy

Acute respiratory distress syndrome

Prior exposure to antibiotics

Age > 60 years

If colonized by pathogenic organisms, the oropharynx
and stomach may serve as reservoirs for those
organisms. In HAP and VAP, the oropharynx appears to
be the predominant reservoir>® Factors facilitating
bacterial colonization include antibiotic exposure,
admission to the ICU, or underlying chronic pulmonary
disease.*® In healthy individuals, the corrosive pH of the
stomach (below 2) eradicates most bacteria entering the
gastric space, which results in an essentially sterile
environment. Alterations in stomach flora, resulting from
an increase in gastric pH, have been observed in patients
receiving an H,-antagonist or a proton pump inhibitor.
Among patients receiving omeprazole, organisms found in
the gastric contents were similar to those in the patients’
oral cavity.” In a study of ICU patients, Donowitz and
others® noted a predominance of hospital-acquired
gram-negative bacteria in the gastric contents of patients
receiving cimetidine and antacids (both of which result in
a gastric pH above 4). Other factors that may increase
gastric pH include advanced age, achlorhydria, ileus or
upper gastrointestinal disease, and enteral feeding?

Conditions favouring aspiration or gastrointestinal
reflux include endotracheal intubation, insertion of a
nasogastric tube, supine position, coma, surgery of the
head, neck, or upper torso, and immobilization because
of trauma or illness.’ Prolonged mechanical ventilation
increases the probability of exposure to contamination
through respiratory devices and the probability of
nosocomial spread of pathogens by the health care team
(e.g., contaminated or colonized hands).’ Factors such as
more than one intubation, mechanical ventilation for
longer than 72 h, prior aspiration of gastric contents, and
COPD are associated with an increased risk of VAP

in mechanically ventilated patients.”” In addition to
the endotracheal tube providing a direct passage for
oropharyngeal organisms into the lungs, bacteria may
collect and form a glycocalyx matrix (biofilm) on the
tube, which serves as a reservoir for infection.? The lung
may be inoculated if the biofilm is dislodged as a result
of mechanical air flow or manipulation of the endotracheal
tube (movement or suctioning).?

Causes

The pathogens causing HAP, VAP, and HCAP vary
depending on patient population, type of institution, diag-
nostic methods, and length of the hospital stay. In early
pneumonia (occurring up to 4 days after admission),
pathogens community-acquired
pneumonia (see above), such as S. pneumoniae and
H. influenzae, may be considered’ Other potential
pathogens include S. aureus, Escherichia coli, Klebsiella
spp., Enterobacter spp., Proteus spp., and Servatia spp.° In
patients with late-onset HAP (occurring 5 or more days
after admission) or with risk factors for antibiotic-
resistant organisms, pathogens in addition to those
described for early HAP include P. aeruginosa, Klebsiella
pneumoniae, Acinetobacter spp., extended-spectrum
(ESBL)-producing  Enterobacteriaceae,
methicillin-resistant S. aureus (MRSA), and Legionella spp.’
In the medical ICU setting, common pathogens identified
from NNIS surveillance data were P aeruginosa (21%),
S. aureus (20%), Enterobacter spp. (9%), K. pneumoniae
(8%), Acinetobacter spp. (6%), Candida albicans (5%),
and other Enterobacteriaceae.”? Overall, gram-negative
aerobic pathogens accounted for 64% of isolates collected
from ICU patients with HAP.? Because pathogens and
antibiotic resistance rates may vary considerably from one
institution to another, hospitals should be familiar with the
local epidemiology of HAP-causing organisms, especially
when Canadian and US epidemiologic data are compared.
For example, S. aureus was reported as the most
common cause of nosocomial pneumonia at 2 Canadian
tertiary care centres.””

associated  with

R-lactamase

Antibiotic Resistance

The rising emergence in hospitals of antibiotic-
resistant pathogens such as MRSA, vancomycin-resistant
enterococci, and MDR gram-negative organisms is of
significant concern. Similar to the case for pathogens
associated with CAP, the mechanism of antibiotic
resistance may include a change in target site, production
of antibiotic-modifying or antibiotic-inactivating enzymes,
decreased penetration of the antibiotic, or efflux
(antibiotic pump). Data from the NNIS indicate that rates
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of antibiotic-resistant nosocomial pathogens in the ICU
setting continued to rise from 1997-2001 to 2002 (Table
7).% The increasing prevalence of ESBL-producing
Enterobacteriaceae, such as K. pneumoniae, in the ICU
is also of concern.” The rising rates of MRSA,
vancomycin-resistant enterococci, and Enterobacteri-
aceae resistant to fluoroquinolones or third-generation
cephalosporins in the ICU are disturbing. As a result,
older agents such as colistin and polymyxin have been

Table 7. Rates of Antibiotic Resistance for Pathogens
Typically Found in the Intensive Care Unit (National
Nosocomial Infections Surveillance System)*

Pathogen % Resistant % Change
in 2002 (Compared with
1997-2001)

Vancomycin-resistant

enterococci 27.5 +11
Methicillin-resistant

Staphylococcus aureus 57.1 +12
Methicillin-resistant CNS 89.1 +1
TGC-resistant Escherichia coli 6.3 +14
TGC-resistant

Klebsiella pneumoniae 14 -2
Imipenem-resistant

Pseudomonas aeruginosa 22.3 +32
Fluoroquinolone-resistant

P aeruginosa 32.8 +37
TGC-resistant P aeruginosa 30.2 +22
TGC-resistant Enterobacter spp. 32.2 -5

CNS = coagulase negative staphylococdi,
TGC = third-generation cephalosporin.

used to treat MDR pathogens. As with PRSP, the
rising prevalence of antibiotic-resistant HAP pathogens
is associated with the volume of antibiotic use. In the
United States, the rate of fluoroquinolone-resistant P.
aeruginosa, for example, was associated with the
volume of fluoroquinolone used in the hospital and
surrounding community.”

Management and Treatment

For HAP, VAP, and HCAP, clinicians have a wider
armamentarium of antibiotic choices to deal with
pathogens. Initial
antibiotic therapy should have broad activity against the
most likely pathogens. Inadequate antibiotic therapy
and/or a delay in such therapy were identified as
important determinants of mortality among ICU patients
with a nosocomial infection.””

In contrast to the 1995 ATS guidelines, the 2005
ATS-IDSA guidelines’ (Table 8) have placed greater
emphasis on initial broad-spectrum therapy and the risk
of MDR organisms. Similar to the guidelines for CAP, the
2005 recommendations for HAP were derived through
expert consensus and are not necessarily based on
randomized clinical trials. For HAP or VAP with early
onset and no risk of MDR pathogens, ceftriaxone or a
fluoroquinolone (levofloxacin, moxifloxacin, or ciprofloxacin)
or a R-lactam/B-lactamase inhibitor or ertapenem was
recommended. For HAP, VAP, or HCAP of late onset with
a risk of MDR pathogens, any one of an antipseudomonal
cephalosporin, antipseudomonal carbapenem, B-lactam/

antibiotic-resistant nosocomial

Table 8. Recommendations of the American Thoracic Society and Infectious Diseases Society of America for

Treatment of Hospital-Acquired Pneumonia®

Type of Pneumonia

Potential Pathogens

Recommended Therapy

HAP or VAP, early onset (< 5 days
since admission), no risk factors for

Enteric gram-negative bacilli (Enterobacter spp.,
Klebsiella spp., Proteus spp., Serratia spp., OR

Ceftriaxone

antibiotic resistance, any disease Haemophilus influenzae), methicillin-sensitive levofloxacin, moxifloxacin or ciprofloxacin
severity Staphylococcus aureus, Streptococcus OR
pneumoniae ampicillin-sulbactam
OR
ertapenem
HAP or VAP or HCAP, late onset Pseudomonas aeruginosa, Klebsiella Antipseudomonal cephalosporin
(> 5 days since admission), pneumoniae, * Acinetobacter spp. OR
risk factors for antibiotic antipseudomonal carbapenem
resistance, any disease severity OR
B-lactam/B-lactamase inhibitor
OR
antipseudomonal fluoroguinolone
OR

aminoglycoside

Methicillin-resistant S. aureus

Linezolid or vancomycin

Legionella pneumophila

Macrolide or fluoroquinolone

HAP = hospital-acquired pneumonia, VAP = ventilator-associated pneumonia, HCAP = healthcare-associated pneumonia.

*Use a carbapenem for extended-spectrum B-lactamase strains.
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B-lactamase inhibitor, antipseudomonal fluoroquinolone,
or aminoglycoside may be used. If MRSA is suspected,
vancomycin or linezolid is recommended. For
L. pneumopbila, a macrolide or fluoroquinolone is
preferred. These recent guidelines reflect the rising
prevalence of MDR pathogens in the United States, as
discussed previously. In Canada, antibiotic therapy
should be tailored to the local epidemiology and clinical
practice, since the prevalence of MDR pathogens
may differ.

Risk factors for the acquisition of MDR organisms
causing VAP include duration of ventilation (7 days or
more), prior use of antibiotics, and prior use of broad-
spectrum antibiotics (third-generation cephalosporins,
fluoroquinolones, or imipenem).” The risk factors for
MDR HAP or VAP identified in the ATS-IDSA guidelines’
include antibiotic therapy in the preceding 90 days, 5 or
more days since admission to hospital, high prevalence
of antibiotic resistance in the community or the hospital,
and immunosuppression due to disease or therapy. Risk
factors for HCAP include a hospital stay of 2 days or
more in the preceding 90 days, residence in a long-term
care facility, home therapy (including
antibiotics), long-term dialysis within 30 days of the
infection, home wound care, and exposure to a family
member infected with a MDR pathogen.’

Successful monotherapy of HAP or VAP with
antibiotics such as the fluoroquinolones, imipenem, and
meropenem has been documented and is supported in
the literature.®® Nonetheless, the respective roles of
monotherapy and combination therapy have been
actively discussed.*** Recent meta-analyses have
questioned the role of combination therapy for gram-
negative and pseudomonal bacteremia and for febrile
neutropenia.¥” In one meta-analysis of 64 studies
comparing f-lactam monotherapy with a R-lactam—
aminoglycoside combination in severe infections, no
survival benefit was found with the 8-lactam combination.”
Monotherapy may decrease costs and minimize antibiotic
exposure, which may be helpful in decreasing the risk of
MDR pathogens and adverse outcomes.” For certain
pathogens such as P. aeruginosa, combination therapy
may provide broader activity as well as limiting the
emergence of antibiotic resistance.**® The current
ATS-IDSA guidelines support the use of monotherapy
for HAP and VAP if resistant pathogens are absent;
conversely, the guidelines recommend that combination
therapy be used when MDR pathogens are suspected,
despite limited supportive data.” Others have advocated
a similar approach; for example, Fagon and Chastre®
suggested that a R-lactam plus an aminoglycoside or

infusion

fluoroquinolone be used initially for HAP pending results
of microbiologic testing, with monotherapy reserved for
when P. aeruginosa and other MDR pathogens have
been excluded. Nevertheless, antibiotic therapy should
be tailored to local epidemiology, prevalence of antibiotic-
resistant pathogens, risk factors, severity of illness, and
culture and sensitivities.

The recommended duration of therapy for HAP and
VAP ranges from 7 to 21 days,® although the optimal
duration has not been established. A consensus
conference on VAP management suggested that therapy
be continued for at least 72 h after clinical response, with
some clinical improvement expected at about 48 to 72 h
of therapy”” However, antibiotic treatment beyond
14 days may promote colonization with P. aeruginosa or
other Enterobacteriaceae.” De-escalation (also known as
streamlining or narrowing) of antibiotic therapy on the
basis of culture results, susceptibility, and clinical
response is encouraged.”® Therapy may be limited to
7 days if there is a clinical response and P. aeruginosa is
absent.’

To reduce costs in the ICU and to address the
overuse of antibiotics (and hence minimize the
emergence of antibiotic-resistant pathogens in this
setting), shorter courses of antibiotic therapy have been
suggested. In a recent trial, which compared 8 and
15 days of antibiotic treatment for VAP, Chastre and
others* found that mortality rate, rate of recurrence,
length of ICU stay, number of days without mechanical
ventilation, and number of days of organ failure were
similar for the 2 treatment arms. Although the outcomes
were similar, VAP patients with nonfermenting gram-
negative rods (e.g., P. aeruginosa) had higher recurrence
and relapse rates with the shorter treatment course.”
Further investigations are required to define the role of
shorter courses of antibiotic treatment in patients with
HAP and VAP.

Using a clinical prognostic scoring system (Table 9),
Singh and others” found that outcome was similar for
patients with VAP who received shorter and longer
courses of antibiotic treatment in a nonblinded study. The
clinical pulmonary infection score (CPIS), developed by
Pugin and others,® uses 6 clinical variables to determine
the presence or absence of pneumonia. Singh and others”
found that in patients with a low CPIS score (6 or less) on
initiation of antibiotics, therapy could be discontinued at
3 days if the CPIS score remained at 6 or less. Similarly, the
ATS-IDSA guidelines’ suggested that a CPIS of 6 or less for
3 days could be used as a criterion for discontinuing
therapy in patients at low risk of pneumonia, although
further validation is required for severe VAP
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Table 9. Clinical Pulmonary Infection Score (CPIS)*+

Clinical Parameter Point Value
Temperature (°C)

>36.5and <384 0
>385and <389 1
>39and <36 2
Blood leukocytes, mL"

> 4000 and < 11 000 0
< 4000 or > 11 000 1
+ band forms = 50% 1
Tracheal secretions

Absent 0
Present (nonpurulent) 1
Present (purulent) 2
Oxygenation (Pao,/Flo,), mm Hg

> 240 or ARDS

< 240 and no ARDS 2
Pulmonary radiography

No infiltrate 0
Diffuse (or patchy) infiltrate 1
Localized infiltrate 2
Progression of pulmonary infiltrate

No radiographic progression 0
Radiographic progression

(after CHF and ARDS excluded) 2
Culture of tracheal aspirate

Pathogenic bacteria (predominant organism) rare

or light in quantity or no growth 0
Pathogenic bacteria moderate or heavy in quantity 1

Same pathogenic bacteria as seen on Gram staining 1

Pao,/ Flo, = ratio of arterial oxygen pressure to fraction of inspired
oxygen, CHF = congestive heart failure, ARDS = acute respiratory
distress syndrome.

*Adapted, with permission, from Singh N, Rogers P, Atwood CW,
Wagener MM, Yu VL. Short course empiric antibiotic therapy for
patients with pulmonary infiltrates in the intensive care unit. A
proposed solution for indiscriminate antibiotic prescription. Am J
Respir Crit Care Med 2000;162 (2 Pt 1):505-11. © American

Thoracic Society.

tCPIS at baseline was assessed on the basis of the first 5 variables
(temperature, blood leukocyte count, tracheal secretions, oxygenation,
and character of pulmonary infiltrate). CPIS at 72 hours was calculated
on the basis of all 7 variables. A score > 6 at baseline or at 72 hours is
considered suggestive of pneumonia.

Prevention

In 2003 the Centers for Disease Control and
Prevision and the Healthcare Infection Control Practices
Advisory Committee proposed several recommendations
to prevent HAP and VAP? including staff education
in preventing infection, infection and microbiologic
surveillance, prevention of transmission of organisms (by
sterilization or disinfection and by maintenance of
equipment and devices), prevention of person to-person

transmission of bacteria (through hand hygiene, gloving,

wound care, and suctioning of respiratory secretions),
modifying host risk for infection through vaccination (for
influenza and pneumococcal disease), prevention of
aspiration, and prevention of postoperative pneumonia.?
The details are beyond the scope of this article but may
been found at http://www.cdc.gov/ncidod/hip/guide/
CDCpneumo_guidelines.pdf. Recommendations for the
prevention of VAP were published recently,” and they
support the CDC recommendations.

The use of prophylactic antibiotics or topical
antibiotics to reduce oropharyngeal, tracheal, and gastric
colonization or to selectively decontaminate these areas
in at-risk patients has been investigated? but the
interpretation of results is difficult
methodological differences among studies. In a recent
meta-analysis, the use of topical and systemic agents
reduced the number of respiratory tract infections and
deaths due to pneumonia in the ICU.** Topical agents
alone reduced the number of infections but did not
change the mortality rate.” The use of sucralfate, topical
and systemic antibiotics, or topical antiseptics in the ICU
setting remains controversial because of concerns about
antibiotic resistance and cost-effectiveness.”
guidelines from the Planning Group of the Canadian
Critical Care Society and the Canadian Critical Care Trials
Group do not support the use of sucralfate or
intratracheal or topical although no
recommendations were made regarding IV administration
of antibiotics alone or in combination with topical
antibiotics.” The ATS-IDSA guidelines do not support
the routine use of systemic or topical antibiotics to
prevent HAP.? Further investigations about the role of
antibiotics in reducing HAP and VAP infections are
required before these strategies can be used routinely.

because of

Recent

antibiotics,

ROLE OF THE PHARMACIST

Various opportunities exist for pharmacists to participate
in the management of CAP and HAP. Depending on
practice setting, these activities may range from selecting
an appropriate antibiotic to monitoring outcome and
performing follow-up.2* In the community setting,
pharmacists should encourage patients to complete the
full course of antibiotic treatment to ensure clinical
success as well as to minimize antibiotic resistance.
Because many patients have one or more residual
symptoms up to 30 days or more after antibiotic therapy
ends, pharmacists should reassure patients if such
symptoms persist. If patients indicate worsening
symptoms (e.g., fever, chills, shortness of breath), they
should seek appropriate medical attention. As previously
mentioned, pharmacists should promote and encourage
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Table 10. Role of the Pharmacist in the Treatment of Community-Acquired Pneumonia*

Activity

Comments

Assess appropriateness of empiric therapy

Consider most likely pathogens and local resistance patterns.

Consider drug route of administration, drug dose, drug interactions, patient allergy status,

and cost.

Follow up on patient’s progress

Monitor for improvement of clinical signs and symptoms within 3 to 5 days.

If patient does not have some indication of clinical response within 3 to 5 days or
if patient deteriorates at any time, physician reassessment and alternative drug therapy
may be recommended.

Assess medication tolerability and adherence.

For patients being managed as outpatients, provide telephone follow-up within 48 to 72 h
of initiating antimicrobial therapy, to assess efficacy, tolerability, and adherence

Streamlining: on day 2 or 3, review culture and sensitivity data; consider narrowing
spectrum of therapy if a pathogen is identified.

IV to PO step-down: on day 3 to 5, consider switch to PO therapy if patient is improving
clinically, is afebrile, is able to ingest oral therapy, and has a normally functioning

gastrointestinal tract.

Duration: Usually 7 to 14 days, determined by patient’s clinical response.

Prevention strategies

Vaccinate for influenza and Streptococcus pneumoniae.

Encourage smoking cessation.

*Reproduced, with permission, from Gin AS, Tailor SAN. Community-acquired pneumonia. Can J Hosp Pharm 2001;54 Suppl 1:1-16. © Canadian

Society of Hospital Pharmacists.

smoking cessation programs to decrease the risk of CAP.
Pharmacists should encourage patients at risk of
influenza or pneumococcal disease to receive a pneu-
mococcal vaccine and annual influenza vaccination.
Informational materials such as patient brochures,
posters, and reminders may be used in these efforts.
Pharmacists may partner with public health authorities
on a seasonal basis to offer “flu shot” clinics in local
pharmacies to expand awareness and increase opportunities
for the public to receive annual influenza vaccination.
To minimize antibiotic resistance, pharmacists can
participate in educational activities to increase awareness
about appropriate antibiotic use among prescribers,
patients, insurers, and government.?? Pharmacists can
also participate in programs to minimize antibiotic use
and to educate the public that antibiotics should not be
used for wviral In partnership with
physicians, pharmacists can work to optimize the use of

infections.?*%

antibiotic therapy.® More specific interventions are
presented in Table 10.

CONCLUSIONS

Pneumonia is a leading cause of morbidity and
mortality in the community and in the hospital setting.
Several risk factors may predispose a patient to CAP or
HAP. S. pneumoniae is the most common cause of CAP,
whereas gram-negative pathogens are often associated with
nosocomial pneumonia. Antibiotics form part of the core
management of CAP and HAP. Several guidelines have been
published to assist clinicians in selecting an appropriate

empiric regimen. Pharmacists have an important role to
play, and they have various opportunities to participate in
the prevention and management of pneumonia.
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