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Patients who are admitted to intensive care
with pneumonia or who acquire pneumonia in

these critical care units need an aggressive diag-
nostic and therapeutic approach, since the morbid-
ity and mortality associated with this type of infec-
tion is quite high.

As we will see, the susceptibility pattern of
pathogenic bacteria isolated in the microbiology
laboratory at the Centre Hospitalier Universitaire
de Sherbrooke (CHUS) has a direct impact on the
recommended treatments.1 Canadian data concern-
ing the antibiotic susceptibility of the main
pathogens also are included. These data are
extracted from the SENTRY research group’s most
recent publication on bacteria that caused pneumo-
nia in patients hospitalized in the United States and
in Canada.2 Five Canadian university hospitals,
located in Edmonton, Winnipeg, Ottawa, Montreal
and Halifax, participated in this study.

The best therapeutic guide is the one based on
the susceptibility pattern of pathogens isolated in
the microbiology laboratory of each institute. 
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Diagnostic and Therapeutic Approaches
To Intensive Care Pneumonia
The classical approach used by CHUS infectious
disease consultants for each patient with clinical and
radiologic evidence of pneumonia is outlined in the
following four steps:
1. Do hemocultures and a Gram’s stain on one of

the following specimens: sputum, endotracheal
secretions, fluid from bronchoalveolar lavage or
any other specimen obtained from the lower res-
piratory tract.

2. Start antibiotic treatment, based on: 
• Presumed identification of bacteria found in

the Gram’s stain and their usual susceptibility
patterns;

• Data from pharmacokinetics/pharmaco-
dynamics (PK/PD) or selected antibiotics; and

• The patient’s tolerance for these antimicrobial
agents.

3. Adjust the antibiotic treatment, depending on:
• The culture and antibiogram results; and 
• The clinical response.

4. Reassess the problem if a pathogen has not been
identified, or if there was an adverse reaction to
the treatment, by using: 
• Invasive diagnostic techniques; 
• Specific radiology tests; 
• Special cultures; 
• Immunodiagnosis; or 
• Tissular biopsies. 
It is interesting to note that there is emphasis

placed on the etiologic diagnosis of pneumonia, in
spite of a school of thought that discredits microbi-
ologic tests—they are sometimes considered to be
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Table 1

Major Respiratory Pathogens Isolated Among 
Hospitalized Patients At The CHUS-Fleurimont Hospital in 2000

Bacteria Total (%) ICUs Hospital

S. aureus 193 (26.8) 122 71

P. aeruginosa 126 (17.5) 35 91

S. maltophilia 78 (10.8) 48 30

S. pneumoniae 71 (9.9) 42 29

E. coli 55 (7.6) 34 21

E. cloacae 53 (7.4) 37 16

K. pneumoniae 46 (6.4) 30 16

K. oxytoca 30 (4.2) 19 11

A. baumannii 28 (3.9) 24 4

Others 39 (5.4)

Total 719

H. influenzae, M. catharralis and agents causing atypical pneumonia, not included.
No L. pneumophila isolated nor L. pneumophila type 1 urinary antigen detected 
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Table 2

Interpretation of Sputum a Gram’s Stain—First and Alternative Choice
Treatment According To Resistance Mechanisms

Gram Pathogens Resistance First choice Alternative 
Treatment Treatment

Lancet-shaped Streptococcus Penicillin: (true Penicillin (hd) or Respiratory
quinolone
Gram + diplococci pneumoniae resistance) ceftriaxon/ Vancomycin
Many PMN CHUS: 0.0 % cefotaxime

Canada: N/A

The NCCLS definition of resistance to penicillin (MIC > 1mg/L) is controversial. The use of disease-
based breakpoints is more appropriate. True resistance, for non CNS-infections, should be defined as a
breakpoint of at least 4 mg/L. With this more appropriate definition of penicillin resistance, there is no
true penicillin resistance at the CHUS and only 2 % of Quebec strains, from a surveillance program on
invasive Pneumococcal infections, had a MIC = 4 mg/L. Quinolones should not be used as a first
choice, as rapid development of resistance to this class of agent is a real threat. New respiratory
quinolones (Moxifloxacin, Gatifloxacin) are the most active and the least likely to induce resistance.
Vancomycin should be used for very severe cases, pending susceptibility results.

Tiny gram-neg rods Hemophilus Beta-lactamase Ceftriax/cefo-taxi/ Respiratory
Many PMN influenzae production: cefuroxime quinolones

CHUS: 17.2 % Switch to ampicillin
Canada: 27.0 % if beta-lactamase

production is negative

Gram-negative Moraxella Beta-lactamase Ceftriax/cefo-taxi/ Respiratory
diplococci catarrhalis production > 90 % cefuroxime quinolones
Many PMN

Gram-positive Staphylococcus Penicillin: Cloxacillin/ Vancomycin
cocci in clusters aureus CHUS: 90.2 % cefazolin
Many PMN Canada: 84.4 %

Oxacillin:
CHUS < 5 %
Canada: 5.2 %

Macrolides-
clindamycin:

CHUS: 27.2 %
Canada: 42.7 % 

Ciprofloxacin:
Canada: 10.4 %
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Table 2 (cont.)

Interpretation of Sputum a Gram’s stain—First and Alternative Choice
Treatment According To Resistance Mechanisms

GRAM Pathogens Resistance First choice Alternative 
Treatment Treatment

For centers (or for specific hospital units) with significant amount of infections caused by MRSA (Staph
resistant to betalactams), vancomycin should be the first-line therapy for severe staphylococcal
infections, pending susceptibility results. MLSB resistance (resistance to macrolides, lyncosamides and
streptogramin B) as detected by resistance to erythromycin, is rising. Consequently, clindamycin or
macrolides should not be used for severe staphylococcal infections, when the susceptibility results are
not available. Same comments would be applied to ciprofloxacin. Respiratory quinolones are more
active against MSSA than ciprofloxacin, but resistance is reported.

For patients unable to tolerate vancomycin, dalphopristin-quinopristin or the new linezolid are expensive
alternatives.

Gram-negative Enterobacteria See Table 3
rods Pseudomonas
Many PMN aeruginosa

Multiple bacteria of Aerobic and Aerobic bacteria: Clindamycin +/- ciprofloxacin
different morphology anaerobic see specific Piperacillin-tazobactam
and Gram staining bacteria pathogens Ceftriaxone/cefotaxime + metronidazole
Many PMN (Possible Anaerobes: beta-

aspiration lactamases 
pneumonia) produced by some

For aspiration pneumonia or abscess with or without empyema, coverage of mouth flora should be
achieved. In addition, therapy directed at gram-negative rods is recommended for nosocomial aspiration
pneumonia. Therapy should be modified according to aerobic culture results. Anaerobic cultures are not
performed on respiratory specimens unless the oro-pharynx is bypassed, as with transthoracic or
transtracheal aspiration, or as with protected bronchoscopic brushing.

Many PMN ? L. pneumophila Azithromycin (iv or po)
No bacteria seen Chlarythromycin (po)

Respiratory quinolones (iv or po) 

A high index of suspicion is important for the diagnosis of Legionella pneumophila pneumonia. This
diagnosis should be suspected if no pathogens are isolated in spite of a purulent specimen with or
without gram negative rods seen on a Gram’s stain, or in the absence of improvement of an
appropriate treatment for bacterial pneumonia. Diagnosis should be confirmed by special cultures
and/or by detection of legionella type 1 urinary antigen 

PMN: Polymorphonuclear neutrophil; N/A: Not available; NCCLS: National Committee for Clinical Laboratory Standards.
h.d.: High dosage (2-3 million units iv q 4h); CNS: Central nervous system; MRSA: Methicillin resistant S. aureus;
MSSA: Methicillin susceptible S. aureus.

Adapted from references 8-10
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insensitive and lacking dis-
cernible benefits in terms of
cost or impact on treatment
efficacy. 

In the Infectious Diseases
Society of America most
recent publication of compre-
hensive guidelines for the
treatment of community-
acquired pneumonia (CAP),3

solid arguments supporting
microbiologic tests for diag-
nosing pneumonia are pre-
sented.

The conclusion is primari-
ly that a precise etiologic
diagnosis yields an optimal
selection of the first-choice
antibiotic. If necessary, the most appropriate alterna-
tive treatment also can be chosen if the patient
exhibits adverse side effects, while allowing some
control on the development of resistance.

Knowing which pathogen is responsible for the
pneumonia permits evaluation of the consequences
in terms of the hospital epidemiology (specifically,
identification of the emergence of new pathogens,
evaluation of the resistance level to antimicrobial
agents of some bacteria and a quick trace of an out-
break caused by multi-resistant bacteria).

The cost of these tests is quite marginal, but they
often permit the use of antibiotics with a narrower
spectrum, resulting in substantial savings. 

The negative predictive value of respiratory spec-
imen cultures for Staphylococcusand Gram-
negative rods is excellent. This also is true for
Streptococcus pneumoniaeif the Gram’s stain sug-
gests that an infection is caused by this bacteria,
since pneumococcal infections occasionally may not
be found in the culture. As a corollary, negative
microbiologic tests allow suspicion of pneumonia

due to atypical germs, or any other pathogen that
does not grow in the culture media routinely
used in microbiology laboratories (i.e., agents
that are responsible for tuberculosis, pneumo-
cystis, viral pneumonia, deep fungal infections,
etc.). This also is the case with non-infectious
pneumonitis (i.e., various alveolitis, bronchioli-
tis obliterans-organizing pneumonia [BOOP],
acute respiratory distress syndrome [ARDS],
pulmonary emboli, etc.)

Respecting the fundamental PK/PD data spe-
cific to each antimicrobial agent group is impor-
tant, not only to cure the infection quickly, but
also to prevent relapses and to eradicate the col-
onization of resistant bacterial subsets. This
should minimize the spreading of multiresistant
bacteria.4-7

For betalactams, the serum level should be
above the minimum inhibitory concentration
(MIC) (Time [T] > MIC), proven or presumed,
for at least 40% of the time. As a corollary, if a
daily dosage reduction is recommended, the
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Figure 1. Serum concentration, area under the curve (AUC), area under the
inhibitory concentration curve (AUIC), minimum inhibitory concentration (MIC),
peak and trough concentrations (Cmax/Cmin).
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Table 3

Treatment of Gram-Negative Pneumonia

Risk factors Pathogen groups Resistance First choice Alternative
(CHUS/Canada) treatment treatment 

Nosocomial Group I: None Ampicillin Ciprofloxacin
COPD E. coli (Ec) Ec: 67.3% / 66.7% Cefazolin
Alcoholism Klebsiella spp (Kl) Kl: 4.9% / 3.8%

NSBL Cephalo-3 Ciprofloxacin
Ec: +/- 25% / 30% Pen-Blinh
Kp: +/- 95.1% / 96.2%

ESBL Carbapenem Ciprofloxacin
Ec: < 1% / 0.0%
Kp: < 1% / 3.2%

Virtually all klebsiellae are producing SHV-1 beta-lactamases. ESBL-producing bacteria are still rare in
Canada, but probably rising rapidly, particularly in ICUs (bacteria producing these beta-lactamases, are
frequently isolated in Europe and in the U.S.). Resistance to ciprofloxacin is rare in the author’s center
and in Canada. Unless ESBL production is significant in a specific ICU, these bacteria when suspected
should be treated with a cephalo-3 or ciprofloxacin, and the regimen should be modified to the
narrowest effective antibiotic when susceptibility results are available.

Same as group I Group II None Too infrequent for specific 
Mechanical Enterobacter spp Rare (< 5%) recommendation

ventilation in ICU AmpC inductible Carbapenem TMP-SMX
Recent/concurrent +/- 70%/ 70% Cephalo-4

antibiotic therapy Ciprofloxacin
AmpC hyperproduction Carbapenem TMP-SMX

+/- 25 / 25% Cephalo-4
Ciprofloxacin

Enterobacter cloacae (and the less frequently encountered other Enterobacter species) produce a

AmpC beta-lactamase, which is either inductible and will be produced only when in contact with a

betalactam (acting as an inductor) or constitutive (permanent hyperproduction after mutation).

Hyperproduction of AmpC produces resistance to all betalactams, except the carbapenems and the

cephalo-4. When inductible, AmpC is still susceptible to the cephalo-3 and the broad spectrum

penicillins, but these antibiotics should not be used because they can induce the mutation responsible

for hyperproduction of this type of beta-lactamase. Of importance: AmpC beta-lactamases are not

inhibited by clavulanic acid, nor by tazobactam.
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dosage should be reduced and not the time inter-
val between doses. Aminoglycosides should be
administered once daily, since the bacterial
activity of these agents (as well as the duration
of the post-antibiotic effects) is proportional to

the maximum concentration ratio (Cmax) with
respect to the MIC. A Cmax/MIC of 8.0 or more
is desirable. Should it be necessary to reduce the
daily dose, it would be best to increase the time
intervals between the medication. 
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Table 3 (cont.)

Treatment of Gram-Negative Pneumonia

Risk factors Pathogen groups Resistance First choice Alternative
(CHUS/Canada) treatment treatment 

Same as group II Group III Multiple mechanisms 
Recent/concurrent Pseudomonas involved
broad spectrum aeruginosa Piperacllin: 19.8%/26.7% According to susceptibility pattern.

antibiotic therapy Ceftazidim: 34.1%/22.2% Empirical treatment with an anti-
Severe debilitation Imipenem: 34.9%/26.2% pseudomonal betalactam +/- 

Meropenem: 19.5%/10% tobramycin or amikacin or
Ciprofloxacin: 51.5%/32.7% ciprofloxacin. Reassess treatment 
Tobramycin: 48.6%/16.5% according to susceptibility report.

It is difficult to predict the susceptibility pattern of P. aeruginosa. Multiple-resistance mechanisms are
implicated: beta-lactamases (AmpC, OXA, PSE), permeability changes (decrease OprD porins) drug
efflux (MEX-A, Mex-B, OprM). At the author’s institution, the strains are usually more resistant than
those reported from other centers in Canada. This illustrates the importance for each institution to have
periodical statistics on the susceptibility pattern of its major bacterial pathogens.

Same as group III Group IV Very high level of TMP-SMX iv ? Ciprofloxacin
Stenotrophomonas resistance to beta-lactams (15-20 mg/kg/day) + Ticarcillin- 
maltophilia Resistance to imipenem: + Ticarcillin- clavulanic acid

97.7% (CHUS) clavulanic acid ?? Aztreonam
Suceptibility to TMP-SMX: + Ticarcillin-

99.2% (CHUS) clavulanic acid

Very resistant to betalactams due to beta-lactamases, including a carbapenemase (L-1 enzyme)

TMP-SMX: the antibiotic of choice with ticarcillin-clavulanic acid: Strong in vitro synergism between
these antibiotics.

NSBL: Narrow spectrum beta-lactamases (mainly TEM-1 and 2, SHV-1); Cephalo-3: third-generation cephalosporins (mainly

ceftriaxon, cefitaxime, ceftazidim); Pen-Blinh: broad spectrum penicillin associated with a beta-lactamase inhibitor (mainly

ticarcillin-clavulanic acid and piperacillin-tazobactam); Carbapenems: imipenem and meropenem; ICUs: intensive care units;

Cephalo-4: fourth-generation cephalosporin (i.e., cefepime); TMP-SMX: trimetoprim-sulfamethoxazole.



The area under the inhibitory concentration
curve (AUIC) is the best guide for quinolones
(Figure 1). There is data that leads us to believe
that, in order to achieve optimal activity. In other
words, to quickly eradicate the pathogen, to pre-
vent the exacerbation during treatment or a relapse,
as well as to eliminate the development of resistant
strains the AUIC should be at least 125. 

Macrolides are more complex. An AUIC of at least
25 is recommended with azithromycin, and the serum
level of clarithromycin should be above the MIC dur-
ing the entire interval between doses, which is often
difficult to achieve with many S. pneumoniaeand
Hemophilus influenzastrains. With these antibiotics,
however, the concentration in the epithelial lining
fluid (ELF) is 10 to 20 times higher than in the serum,
and it is possible that the PK/PD data of the ELF are
more appropriate than those referring to the serum.

Therapeutic Approach in Terms of
Specific Pathogens 
Table 1 indicates the frequency of various respirato-
ry pathogens isolated in the CHUS microbiology
laboratory. 

Table 2 explains the therapeutic approach of var-
ious pneumonia according to the susceptibility pro-
file of the main pathogens isolated in the CHUS
microbiology laboratory,1 or elsewhere in Canada
according to the SENTRY study.2

Table 3 is devoted to pneumonia caused by main
enterobacteria and Pseudomonas aeruginosa.

Regarding other bacteria less often isolated in
pneumonia, beta-hemolytic streptococcusis treated
with penicillin and clindamycin; adding intravenous
immunoglobulin is recommended for severe cases.
The therapeutic approach for Serratia species,
Proteus species and Citrobacter species is similar to
that for Enterobacter species.

When it is not possible to obtain a respiratory
specimen, the therapeutic approach is empirical and
should be based on various risk factors.
Pneumococci,Hemophilus and staphylococci are

discussed in Table 2. Based on current risk factors,
coverage should be added for Gram-negative bacil-
li. Although empirical coverage is not recommend-
ed for atypical germs (i.e., mycoplasma, clamydia,
legionella), some authors have recently expressed
the opposite opinion which makes this subject con-
troversial. One thing is certain: a lack of clinical
improvement or any deterioration, on empirical
therapy, should be followed by an aggressive diag-
nostic and therapeutic approach. This generally
implies a bronchoscopy, as well as the addition of
macrolides or quinolones to treat L. pneumophila,
which carries a significant death rate. 

References
1. Sinave C: Profil de sensibilité, fréquence et distribution des

principales bactéries pathogènes isolées au CHUS, hôpital
Fleurimont, durant l’année 2000. [Unpublished report; for a
written copy please email csinave@courrier.usherb.ca]

2. Mathai D, Lewis MT, Kugler KC, et al: Antimicrobial activi-
ty of 41 antimicrobials tested against over 2773 bacterial iso-
lates from hospitalized patients with pneumonia: Results from
the SENTRY Antimicrobial Surveillance Program (North
America, 1998). Diagn Microbiol Infect Dis 2001; 39:105-16.

3. Bartlett JG, Dowell SF, Mandell LA, et al: Practice guidelines
for the management of community-acquired pneumonia in
adults. Clin Infect Dis 2000; 31:347-82.

4. Sanders CC: Mechanisms responsible for cross-resistance and
dichotomous resistance among the quinolones. Clin Infect Dis
2001; 32(Suppl. 1):S1-S8.

5. Hooper DC: Mechanisms of action of antimicrobials: Focus
on fluoroquinolones. Clin Infect Dis 2001; 32(Suppl. 1):S9-
S15.

6. Schentag JJ, Gilliland KK, Paladino JA: What have we
learned from pharmacokinetic and pharmacodynamic theo-
ries? Clin Infect Dis 2001; 32(Suppl. 1):S39-S46.

7. Andes D: Pharmacokinetic and pharmacodynamic properties
of antimicrobials in the therapy of respiratory tract infections.
Curr Opin Infect Dis 2001; 14(2):165-72.

8. Donowitz GD, Mandell GL: Acute pneumonia. In: Mandell,
Douglas and Bennett’s Principles and Practice of Infectious
Diseases.Churchill Livingstone, Philadelphia, 2000, pp. 717-
43.

9. Heffelfinger JD, Dowell SF, Jorgensen JH, et al: Management
of community-acquired pneumonia in the era of pneumococ-
cal resistance: A report from the Drug-Resistant
Streptococcus Pneumoniae Therapeutic Working Group. Arch
Intern Med 2000; 160:1399-1408.

10. Jetté L: Programme de surveillance du pneumocoque.
Laboratoire de santé publique du Québec. Document avail-
able on the Internet at http://www.lspq.org/vig/vig.htm.

Pneumonia

108 The Canadian Journal of CME / August 2001

CME


