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Mortality and morbidity of nosocomial pneumonia remain high. Successful treatment of pul
monary infections depends on several factors including type of infection, offending pathogen, 
status of host defences, and adequate choice of antibiotic therapy. The physician's decision should 
aim at achieving antibiotic concentrations beyond the MIC at the site of infection. 

Gram-negative bacilli, notably Pseudomonas aeruginosa, Klebsiella pneumoniae and Esche
richia coli, remain the most frequent agents in nosocomial pneumonia. 

Staphylococcus aureus and Streptococcus pneumoniae predominate among the Gram-positive 
cocci. Pneumocystis carinii predominates in immunocompromised patients. 

Protected sample bronchoscopy associated with quantitative cultures of samples, and quan
tification of intracellular microorganisms in cells recovered by broncho-alveolar lavage are two 
promising procedures which might replace previous, more aggressive methods. Penetration of 
antibiotics into lung tissue depends on physicochemical properties of the drug and the degree of 
inflammation of lung tissue. 

Quinolones, macrolides, tetracyclines and trimethoprim penetrate well into bronchial secre
tions. Penetration is moderate to low for aminoglycosides and ,B-Iactams. 

Fluoroquinolones and new ,B-lactam agents, including third-generation cephalosporins imi
penem, aztreonam and ticarcillin-clavulanate, showed comparative clinical efficacy in treatment 
of nosocomial pneumonia, with an efficacy rate close to 80%. Aminoglycosides should not be 
used alone. 

Combination therapy reduces but does not eliminate the risk of selection of Gram-negative 
resistant mutants. It should not be used routinely except for P. aeruginosa, Enterobacter cloacae 
and Serratia marcescens infections. 
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Successful treatment of pulmonary infections 
depends on several factors, including the type of 
infection, the offending pathogen, the status of host 
defences, the underlying disease, and the adequate 
choice of antibiotic therapy (Pennington 1981). This 
latter factor only can be modulated directly by the 
physician's decision, which results from an inte
gration of epidemiological, radiological, clinical and 
microbiological diagnostic clues. Despite many in
vestigations, specific aetiological identification of 
the pathogen may be difficult, adding to the chal
lenge of managing pneumonia (Donowitz & Man
dell 1983). 

The antibiotics chosen should have an intrinsic 
antimicrobial activity against the presumptive or 
documented infectious agent, and sufficient pene
tration into the lung interstitial fluids, as well as 
into alveolar and bronchial secretions, in order to 
achieve therapeutic concentrations at the site of in
fection well beyond the MIC of the pathogen (Wong 
et al. 1975). The number of microbial agents that 
cause pneumonia is large, and a single antibiotic 
or regimen for all these possibilities does not exist. 
Nevertheless, the responsibility of the physician is 
to approach the specific diagnosis as closely as pos
sible. The medical history must define clearly the 
epidemiological features related to hospital con
tacts, and it is useful to know which microorga
nisms are causing frequent nosocomial infections 
at a given hospital (Rubin & Greene 1988). Of great 
practical importance is the differentiation between 
community-acquired and hospital-acquired pneu
monia because the pathogens, and consequently the 
treatments, are very different (Donowitz & Man
dell 1983). 

Some associations are helpful in approaching the 
specific diagnosis; for instance, Herpes labialis is 
frequently associated with pneumococcal pneu
monia and bullous myringitis with mycoplasmal 
pneumonia (Donowitz & Mandell 1990). The 
underlying disease is another helpful faCtor: patients 
with chronic obstructive pulmonary disease fre
quently develop pneumonia due to Streptococcus 
pneumoniae or Haemophilus influenzae (Groene
veld et al. 1990; Marrie et al. 1989). Cystic fibrosis 
predisposes to recurrent infection with resistant 
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pathogens, especially Pseudomonas aeruginosa and 
Pseudomonas cepacia (Marks 1971). Alveolar pro
teinosis is frequently associated with nocardial 
pneumonia (Simon 1988). 

In addition, in the diagnostic approach, the phy
sician must also clearly define the immunological 
status of the patient developing pneumonia. Im
munodeficiency, whether induced by a treatment 
or related to an underlying disease, puts a patient 
at high risk not only for common pulmonary pa
thogens but also for opportunistic organisms (Rubin 
& Greene 1988). 

Patients with AIDS, lymphoma, leukaemia, or 
who have undergone organ transplantation who 
develop pneumonia must be evaluated for Pneu
mocystis carin ii, mycobacteria and cytomegalovi
rus (Singer et al. 1979). Granulocytopenic patients 
are at major risk of developing Gram-negative ba
cillary pneumonia, and prolonged and profound 
granulocytopenia must also alert the physician to 
the possibility of aspergillosis (Cordonnier et al. 
1986). 

1. Aetiology 

Table I lists the main pathogens responsible for 
nosocomial pneumonia. As mentioned previously, 
the spectrum of potential pathogens is not only very 
wide but is continually changing. 

Gram-negative bacilli remain the predominant 
organisms, accounting for 60% of all cases of no
socomial pneumonia (Donowitz & Mandell 1983), 
with P. aeruginosa, Klebsiella pneumoniae, and 
Escherichia coli being the most frequently isolated. 

Staphylococcus aureus (10% to 28%) and S. 
pneumoniae (2% to 10%) are the most commonly 
reported of the Gram-positive cocci. Bartlett et al. 
(1986) in a recent review, using only strict criteria 
for microbiological studies such as transtracheal 
aspirates, empyema fluids, or positive blood cul
tures, found that S. pneumoniae was the most fre
quently isolated microorganism, alone or mixed 
with Gram-negative bacilli. Although, most pneu-
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Table I. Aetiology of nosocomial infection 

Gram-negative rods 
Klebsiella pneumoniae 
Pseudomonas aeruginosa 
Escherichia coli 
Enterobacter spp. 
Serratia marcescens 
Proteus spp. 

Citrobacter spp. 
Haemophilus influenzae 
Legionella pneumophila 
Branhamella catarrhaJis 

Gram-positive cocci 
Staphylococcus aureus 
Streptococcus pneumoniae 

Anaerobes (aspiration pneumonia) 
Peptococcus spp., Peptostreptococcus spp., Fusobacterium 
spp. 
Bacteroides me/aninagenicus 
Bacteroides frag/lis 

Viral 

Respiratory syncitial virus 
Influenza 

Adenovirus 

Others 
Chlamydia 
Mycoplasma pneumoniae 

Opportunistic pathogens 
Aspergillus spp. 
Candida spp. 
Mucor spp. 
Histoplasma capsulatum 

Mycobacteria 
Strongyloides stercoralis 
Pneumocystis carinil 
Herpes simplex, VZV, CMV 

Abbreviations: VZV = varicella zoster virus; CMV = cytomega
lovirus. 

mococci are sensitive to penicillin, resistant pneu
mococci might be more common in hospital-ac
quired infections (Pallares et al. 1987). 

Some species, like Acinetobacter calcoaceticus 
subspecies anitratus, are being more frequently re
ported as a cause of pneumonia in intensive care 
units. Harstein et al. (1988) reported an outbreak 
of such infections in ventilated patients. Fagon et 
al. (1989) found that Acinetobacter sp. was the third 
most frequent microorganism recovered from 
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patients with pneumonia in intensive care units, 
after P. aeruginosa and S. aureus. Enterococci in 
patients receiving total parental nutrition, and {j
haemolytic streptococci (group B) in elderly patients 
are also two emerging pathogens (Berk & Verghese 
1989; Berk et al. 1983; Verghese et al. 1982). Other 
species like moraxella (Branhamella catarrhalis) 
have only recently been recognised as respiratory 
pathogens (Hager et al. 1987; Slevin et al. 1984). 

In the absence of a specific diagnostic test, the 
role of Legionella pneumophila in nosocomial 
pneumonia is probably underestimated. Kugler et 
al. (1989) reported a frequency of 13% among bone 
marrow transplant patients and in some hospitals, 
it has been found to be a frequent cause of noso
comial pneumonia, associated with cooling-tower 
reservoirs or hospital potable water (Woo et al. 
1986). 

More than 80% of AIDS patients will acquire 
P. carinii pneumonia, and a substantial proportion 
of pneumonias in lymphoma patients, organ trans
plant recipients and those receiving immunosup
pressive therapy is also caused by this organism. 

In most studies dealing with nosocomial pneu
monia, common respiratory viruses are not de
tected; however, there are important exceptions. 
Cytomegalovirus causes a variety of syndromes 
after organ or bone marrow transplantation, the 
most obvious being pneumonia; 15% patients 
undergoing allogeneic bone marrow transplanta
tion will eventually develop it (Meyers 1986). In 
AIDS patients, pulmonary disease due to cyto
megalovirus as the only pathogen is uncommon; 
infection usually occurs in conjunction with P. car
inii (Glatt et al. 1988). 

Aspergillus pneumonia occurs almost exclu
sively in patients with granulocytopenia; the risk 
increases with the duration of granulocytopenia 
(Gerson et al. 1984). 

Adenovirus pneumonia was reported in 5% of 
bone marrow transplant recipients; usually, it is bi
lateral and interstitial, with pleural effusions in 
about 20% of cases (Meyers 1986). Herpes simplex 
and varicella zoster virus are two potential patho
gens for respiratory tract in the immunocompro
mised patients (Ramsey et al. 1982); varicella zos
ter virus pneumonia is usually part . of a 
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disseminated visceral infection (Miliauskas & 
Webber 1984). 

The incidence of tuberculosis has increased dur
ing the last years with the development of HIV in
fection (Choisson & Slutkin 1989). Many cases of 
tuberculosis are recognised only after several days 
or weeks of hospitalisation: this provides the op
portunity for the disease to be transmitted, espe
cially to immunosuppressed patients. 

2. Diagnosis 

Although characteristic symptoms and signs of 
pneumonia are well known, it should be stressed 
that granulocytopenic patients with pneumonia may 
lack cough or sputum production and that about 
one third will not present with rales or consoli
dation signs (Sickles et al. 1975). Radiological im
aging may require more sophisticated means than 
standard chest x-ray. Table II summarises some of 
the clinical and radiological features helpful for 
presumptive diagnosis in opportunistic pneumon
ias. 

The usual problem that the physician faces is to 
establish the specific aetiology. Sputum examina
tion is not reliable because of frequent contami
nation by oropharyngeal secretions; blood or pleural 
fluid cultures are positive in less than 10% of cases. 
Transtracheal aspiration may resolve the issue of 
oropharyngt:al contamination, but is not without 
some risk. Direct transthoracic needle aspiration is 
very specific, but its sensitivity is low due to the 
small size of the sample obtained and the difficulty 
in reaching precisely the infected area. However, 
this technique is the method of choice in diagnos
ing pulmonary abscesses, peripheral lung cancers, 
nodular lesions and fungal infections (Grinan et al. 
1990). 

During the last 10 years, two other new tech
niques have been developed. Protected sample 
bronchoscopy has been evaluated recently using 
quantitative cultures of samples (Chastre et al. 
1989a). This method appears to be highly reliable 
in establishing the differentiation between coloni
sation and true infection in ventilated patients. 
Broncho-alveolar lavage now has an established 
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value in the diagnosis of bacterial pneumonia. Fur
thermore, the quantification of intracellular micro
organisms in cells recovered by this method, de
veloped by Chastre et al. (1989b), seems to be a 
new promising procedure and might replace other 
more aggressive methods. 

3. Treatment 

Antibiotics penetrate into lung tissue across the 
blood broncho-alveolar barrier. Passive diffusion 
seems to be the mechanism of transport for most 
antibiotics, in relation to the concentration gra
dient across this barrier and depending on the 
physicochemical properties of the drug, such as 
molecular size, lipid solubility, and protein binding 
(Pennington 1981; Wong et al. 1975). Inflamma
tion of lung tissue may enhance the permeability 
of antibiotics, and conversely, fibrosis reduces it 
significantly. 

Antibiotic concentration in bronchial secretions 
is determined by penetration rate, metabolism in 
the lung and clearance from bronchial secretions. 
With few exceptions, higher serum concentrations 
will result in higher bronchial concentrations (Pen
nington 1981). Table III shows concentration val
ues of different antibiotics in serum and bronchial 
secretions. In general, quinolones, macrolides, tet
racydines and trimethoprim penetrate well· into 
bronchial secretions; penetration is moderate for 
aminoglycosides and low for 1'1-lactams. 

The correlation between the bronchial concen
trations of an antibiotic and the resulting bacteri
cidal activity within bronchial secretions and 
clinical outcome, has been well established (Klas
tersky et al. 1981). 

3.1 Aminoglycosides 

Despite in vitro susceptibility of causative 
organisms, poor results have been obtained in 
bronchopulmonary Gram-negative infections when 
aminoglycosides were used alone. Bronchial serum 
ratio is about 30%, and the low concentrations 
found in bronchial secretions with conventional 
doses, in comparison to MIC values of most En-



T
a

b
le

 I
I. 

C
lin

ic
al

 c
na

ra
ct

er
is

tic
s 

o
f 

op
po

rt
un

is
tic

 p
ne

um
on

ia
s 

C
au

se
 

S
ki

n 
o

r 
D

ys
pn

oe
a 

O
ns

et
 

H
yp

ox
ia

 
C

he
st

 p
ai

n 
N

eu
tr

op
en

ia
 

C
N

S
 

m
uc

oc
ut

an
eo

us
 

in
vo

lv
em

en
t 

le
si

on
s 

P
ne

um
oc

ys
tis

 c
ar

in
ii 

+
 

S
ub

ac
ut

e 
+

 

M
yc

o
b

a
ct

e
ri

u
m

 
C

hr
on

ic
 

tu
b

e
rc

u
lo

si
s 

N
o

ca
rd

ia
 a

st
er

oi
de

s 
+

 
C

hr
on

ic
 

+
 

+
 

Le
gi

on
el

/a
 s

pp
. 

+
 

A
cu

te
 

+
 

+
 

A
sp

e
rg

ill
u

s 
sp

p.
 

+
 

S
ub

ac
ut

e 
+

 
+

 (
>

 2
0 

+
 

da
ys

)a
 

C
a

n
d

id
a

 s
pp

. 
+

 
C

hr
on

ic
 

+
 

C
M

V
 

+
 

+
 

S
ub

ac
ut

e 
+

 
+

 

H
S

V
 

+
 

+
 

S
ub

ac
ut

e 
+

 

a 
R

is
k 

m
ax

im
al

 a
ft

e
r 

a 
du

ra
tio

n 
o

f 
ne

ut
ro

pe
ni

a 
>

 2
0 

da
ys

. 
A

b
b

re
vi

a
tio

n
s 

an
d 

sy
m

b
o

ls
: 

C
N

S
 =

 c
en

tr
al

 n
er

vo
us

 s
ys

te
m

; 
C

M
V

 =
 c

yt
om

eg
al

ov
iru

s;
 H

S
V

 =
 h

er
pe

s 
si

m
pl

ex
 v

iru
s;

 +
 =

 p
re

se
nt

. 

C
h

e
st

 x
-r

ay
 i

nf
ilt

ra
tio

n 

In
te

rs
tit

ia
l 

C
av

ity
 (

ap
ex

) 

N
od

ul
ar

/c
av

ita
ry

 
co

ns
ol

id
at

io
n 

C
on

so
lid

ia
tio

n 

C
on

so
lid

at
io

n 
(u

p
p

e
r 

lo
be

s)
 

C
on

so
lid

at
io

n 
(n

od
ul

ar
) 

In
te

rs
tit

ia
l 

C
on

so
lid

at
io

n 
o

r 
in

te
rs

tit
ia

l 

'-
0

 
0

\ 
0

\ ~ ~ ~
 
~
 

.....
. 
~
 

.....
. 



Pneumonia in Hospital 967 

Table III. Pharmacokinetic characteristics of selected antibiotics used in the treatment of nosocomial pneumonia 

Antibiotic Dosage Serum 
conc. 

(mg/L) 

Sputum Bronchial Lung Ratio 

(%) 
Reference 

conc. secretions tissue 

(mg/L) (mg/L) level 

Amoxicillin/ 
clavulanate 

Ticarcillin 

Cefotaxime 

Ceftazidime 

Imipenem 

Aztreonam 

Ciprofloxacin 

Amikacin 

Erythromycin 

Clarithromycin 

Roxythromycin 

Qlindamycin 

Fluconazole 

Ampho B 

2g/200mg IV 

5g IV 

2g IV 

100/10.8 

469 

40 

2g IV x 3 44 

19 IV 10.46 

2g IV 242.6 

0.75mg/kg x 3 IV 1.18 
1.5mg/kg x 3 IV 2.61 

7.5mg/kg IV 23.7 

19 x 2 PO 

500mg x 2 PO 

150mg x 2 PO 

300mg PO 

150mg PO 

1.2 mg/kg 

1.37 

2.51 

5.6 

2.6 

3.54 

1.36 

a Lung tissue to serum ratio. 
b Bronchial secretions to serum ratio. 
c Sputum concentration to serum ratio. 

4-4.1 

0.5 

3.71 

10.2 

2.1 

4.8-18.7 

0.40 
0.84 

5.23 

0.59 

1.6 

0.1 

(mg/kg) 

28.5/1.8 

30-45 

5-14 

17.47 

2.12 

40/238 Cox et al. (1989) 

6-98 

12.5-358 Lode et al. (1980) 

1.9-7.7b 

33.8b 

32.1b 

22b 

43b 

6968 

388 

61.5 

Erttmann et al. 
(1990) 

Muller-Serieys et 

al. (1987) 

Boccazzi et al. 

(1989) 

Berre et al. (1988) 

Dull et al. (1979) 

Frasechini et al. 
(1991) 

Frasechini et al. 
(1991) 

Bergogne-Berezin 
(1981) 
Ebden et al. 
(1989) 

Pennington et al. 
(1975) 

Abbreviations: IV = intravenous; PO = oral; Ampho B = amphotericin B. 

terobacteriaceae and P. aeruginosa, could be the 
explanation. In addition, the acidic intrabronchial 
conditions (Boden et al. 1983) and the binding of 
aminoglycosides to nucleoproteins in purulent ex
udates are associated with a decrease in bioactivity 
of aminoglycosides (Thys et al. 1980). 

The importance of serum aminoglycoside con
centrations was demonstrated by Moore et al. 
(1984). By a multivariate regression analysis, he 

demonstrated that an adequate peak concentration 
- 7 ",giL or greater for gentamicin and tobramycin 
and 28 ",giL for amikacin - was associated with a 
favourable outcome of pneumonia, without in
creased toxicity. However, the therapeutic toxic ra
tio of aminoglycosides is low, and high blood con
centrations cannot be sustained for a long time. This 
prompted investigators to deliver aminoglycosides 
endotracheally in intubated and tracheostomised 
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patients. Klastersky et al. (1979) demonstrated a 
statistically significant lower death rate in a group 
of patients receiving sisomicin endotracheally, in 
addition to carbenicillin plus sisomicin systemi
cally, in comparison to a group receiving systemic 
therapy alone. More recently, Brown et al. (1990) 
in a prospective double-blind, placebo-controlled 
study, showed that pathogens were eradicated more 
readily from sputum in patients with Gram-nega
tive bacterial pneumonia receiving endotracheal 
tobramycin, in addition to systemic tobramycin 
plus either cefazolin or piperacillin. 

In our opinion, aminoglycosides should not be 
used alone for systemic therapy but should be com
bined with a ,B-Iactam. Serum concentrations of 
aminoglycosides must be monitored carefully for 
toxicity and efficacy. Our preference is for ami
kacin since many of the nosocomial Gram-nega
tive strains are resistant to gentamicin and tobra
mycin. An intravenous loading dose of 15 mgjkg 
with subsequent doses adjusted to renal function, 
seems to be adequate. Bolus injection is to be pre
ferred to continuous infusion and the value of single 
daily dosing deserves more studies. 

3.2 Fluoroquinolones 

Ciprofloxacin, pefloxacin and ofloxacin are the 
most commonly used quinolones for pneumonias. 
H. influenzae. B. catarrhalis and Enterobacteri
aceae are highly susceptible to these antibiotics 
(Campoli-Richards et al. 1988; Gonzalez & Hen
wood 1989; Monk & Campoli-Richards 1987). P. 
aeruginosa. S. aureus. Mycoplasma pneumoniae. 
and L. pneumophila are moderately susceptible. S. 
pneumoniae is the least susceptible, with cipro
floxacin having slightly more activity against it than 
the other 2 drugs (Thys et al. 1989; Wolfson & 
Hooper 1989). 

Quinolones achieve concentrations in bronchial 
secretions approaching 'those in serum, and may 
even exceed serum concentrations in lung tissue. 
Quinolones in animal models of experimental 
pneumonia caused by P. aeruginosa or K. pneu
moniae demonstrated high efficacy in preventing 
death and decreasing bacterial counts in the lungs 
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of surviving animals, these effects were compar
able to the ,B-Iactam or aminoglycoside regimens, 
alone or in combination (Peterson 1986). In ex
perimental L. pneumophila pneumonia in guinea
pigs, quinolones showed a higher therapeutic effi
cacy than erythromycin, but were less active than 
rifampicin (Saito et al. 1985). 

Clinical studies confirmed these experimental 
data. Martin et al. (1988) treated 46 mechanically 
ventilated patients with intravenous pefloxacin, 
800mg or 1200mg twice- or three-times-daily. A fa
vourable response was observed in 72% of patients; 
5 of 7 P. aeruginosa and 11 of 13 S. aureus isolates 
were eradicated. The overall eradication rate was 
85%; superinfection occurred in 10 patients (22%), 
with Candida albicans in 5. 

Ciprofloxacin was used by Peloquin et al. (1989) 
for nosocomial pneumonias in 50 patients. A fa
vourable clinical response was observed in 63% of 
patients; pseudomonal infection responded poorly 
and resistance developed in 70%. 

Quinolones also playa major role in the treat
ment of pulmonary exacerbations of cystic fibrosis 
due to P. aeruginosa; this is based on 6 major stud
ies reviewed by Bayer (1989). Oral ciprofloxacin 
was as effective as a /3-1actam plus aminoglycoside 
combination, with a clinical improvement in 85% 
of patients. Decreased bacterial counts occurred 
frequently, but P. aeruginosa could not be eradi
cated. Increased MIC values were observed but did 
not alter the clinical effect. Other organisms which 
showed an increased MIC during quinolone therapy 
included S. aureus and Serratia m'arcescens. Com
bination therapy is indicated for these organisms, 
and further laboratory and clinical investigation 
should indicate which drugs can be combined 
synergistically with quinolones. 

3.3 New ,B-Lactam Antibiotics 

The new ,B-lactams are characterised by a high 
intrinsic activity against Enterobacteriaceae. Only 
a few third-generation cephalosporins, such as cef
tazidime, cefsulodin, cefoperazone, and cefepime, 
are active against P. aeruginosa (Kemmerich & 
Lode 1988; Vuye & Pijck 1985). 
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In general, against staphylococci and strepto
cocci, their activity is lower than that of first- and 
second-generation cephalosporins. Penetration into 
lung tissue and bronchial secretions is approxi
mately 20% of the serum concentrations for all new 
~-lactams (Marks 1971; Thadepalli 1984). 

Ceftazidime has been evaluated in a rat model 
of experimental pneumonia caused by K. pneu
moniae. Eradication of bacteria from the lungs was 
observed and ceftazidime was found more effec
tive than cefazolin (Bakker-Vandenberg et al. 1982). 
In a similar model, ticarcillin plus clavulanate 
demonstrated a good therapeutic efficacy (Boon & 
Pierce 1983). Latamoxef (moxalactam), cefoper
azone, cefsulodin, ceftazidime and ticarcillin were 
compared with' tobramycin in a guinea-pig model 
of P. aeruginosa lung infection. Survival rates were 
lower and bacterial counts in the lungs higher with 
the ~-lactam groups. 

Ceftazidime has an enhanced antimicrobial ac
tivity against most of the Gram-negative respira
tory pathogens, including P. aeruginosa. Although 
it is less active than first- and second-generation 
cephalosporins against S. pneumoniae and methi
cillin-susceptible S. aureus, it retains sufficient ac
tivity (Phillips et al. 1981). 

Ceftazidime is the third-generation cephalo
sporin which has been most extensively used for 
nosocomial infections. La Force (1989) reviewed 4 
of the major clinical trials reported with ceftazid
ime in nosocomial pneumonia; three were com
parative studies: Mangi compared ceftazidime with 
cefoperazone, Young with a combination of ticar
cillin plus tobramycin, and Mandell with a com
bination of cefazolin plus tobramycin. No signifi
cant difference was shown between treatments. 

Cefoperazone has a similar antimicrobial activ
ity to ceftazidime. Several reports have assessed the 
effectiveness of cefoperazone in Gram-negative 
pneumonia. Mangi et al. (1988) in a randomised 
trial compared cefoperazone monotherapy with 
either combination of clindamycin plus gentamicin 
or cefazolin plus gentamicin. Four of 6 patients with 
P. aeruginosa pneumonia received gentamicin or 
tobramycin in addition to cefoperazone. Cefoper-
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azone was as effective as the combination therapy, 
and cure rates were 87% and 72%, respectively. 

Imipenem has the broadest spectrum of anti
microbial activity among the ~-lactams. It is active 
against Gram-positive and Gram-negative, aerobic 
and anaerobic bacteria, including P. aeruginosa, 
Enterococci, and Bacteroides fragilis. No cross-re
sistance has been observed between imipenem and 
other ~-lactam antibiotics. In an open trial, Salato 
et al. (1985) administered imipenem monotherapy 
to 43 patients with bacterial pneumonia, 29 of 
whom had hospital-acquired pneumonia. A fa
vourable outcome was reported in 89% of patients; 
6 of lOP. aeruginosa isolates developed resistance 
during therapy, and in 2 of them it was a cause of 
failure. 

Miletovic and Braveny (1987) studied the de
velopment of resistance during monotherapy with 
imipenem, and collected data from 5 studies, com
prising 277 'patients. They found development of 
resistance in 13 (4.7%) P. aeruginosa infections; 
treatment failure because of development of re
sistance occurred in 7 patients, and it is note
worthy that P. aeruginosa was the only bacteria to 
show this phenomenon. 

Aztreonam is a monobactam antibiotic with en
hanced activity against Gram-negative aerobic mi
croorganisms, including Enterobacteriaceae and P. 
aeruginosa. It lacks activity against Gram-positive 
and anaerobes. Clinical experience with aztreonam 
in lower respiratory tract infections was summar
ised by Swabb et al. (1985) 181 patients with Gram
negative pneumonia were treated with aztreonam 
Ig or 2g intravenously, 3 times daily. 166 (91%) 
demonstrated a favourable clinical response, with 
pathogen eradication in 78%. P. aeruginosa was the 
causative pathogen in 57 patients; 51 of them were 
cured or improved (89%), with pathogen eradica
tion in 33 (58%). 

Nolen et al. (1985) randomly compared az
treonam and tobramycin in 49 hospitalised patients 
with respiratory infections caused by Gram-nega
tive bacilli. 35 received Ig or 2g intravenous az
treonam, 3 times daily, and 26 patients were cured 
(74%) and 7 improved (20%). In the tobramycin 
group, which included 14 patients, 5 were cured 
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(36%) and 2 improved (14%). These data show that 
aztreonam is effective as a monotherapy for the 
treatment of Gram-negative pneumonia. However, 
because of its lack of activity against Gram-posi
tive bacteria, aztreonam must be combined with 
agents active against Gram-positive bacteria for 
empiric treatment of nosocomial pneumonia. Van
comycin or clindamycin are frequently employed 
for this purpose. 

Clavulanic acid, a i3-lactamase inhibitor, when 
used in conjunction with ticarcillin, has enhanced 
its in vitro activity against many i3-lactamase pro
ducers such as Staphylococci, E. coli, Klebsiella spp., 
Proteus mirabilis, H. influenzae, and Bacteroides 
spp. Activity against P. aeruginosa, E. cloacae and 
S. marcescens is not influenced by the presence of 
clavulanate. Clavulanate penetrates well into lung 
tissue and can be recovered from bronchial secre
tions in significant concentrations. 

Schwigon et al. (1986) studied the efficacy of 
ticarcillin/clavulanate in the treatment of noso
comial bronchopulmonary infections in intensive 
care units. 81 patients received either 3.2g or 5.2g 
intravenously 3 times daily. The clinical cure rate 
was 96% with pathogen eradication rate in 94%. 
This compares favourably with the results of third
generation cephalosporins and other new i3-lac
tams. 

3.4Monotherapy or Combined Therapy 

As mentioned above, the new i3-1actam antibi
otics and the fluoroquinolones, as monotherapy for 
hospital acquired pneumonia, demonstrate an ef
ficacy rate close to 80% in open and controlled 
studies, with a high pathogen eradication rate. La 
Force (1989) analysed 4 studies comparing mono
therapy and conventional combined therapy and 
concluded that there was no significant difference 
between the two types of approach. However, these 
studies compared a third-generation cephalosporin 
(cefoperazone or ceftazidime) to an older, less ac
tive i3-lactam, like cefazolin or ticarcillin, associ
ated with an aminoglycoside. It would have been 
more useful to compare a third-generation cepha
losporin to its association with an aminoglycoside. 
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Of major concern is the selection of resistant 
mutants during monotherapy. Miletovic and Brav
eny (1987) reviewed this problem extensively. 
Broad spectrum penicillins, second- and third-gen
eration cephalosporins, ciprofloxacin and amino
glycosides, showed a resistance emergence rate of 
about 10%. Imipenem was characterised by a lower 
resistance rate (4.7%) and only in P. aeruginosa in
fections. Combination therapy can substantially re
duce this risk, but does not eliminate it completely 
(Follath et al. 1987). 

In conclusion, we believe that combination 
therapy should not be used routinely except for pa
thogens which have a high risk of development of 
resistance, such as P. aeruginosa, E. cloacae and S. 
marcescens. 

Table IV summarises some of the guidelines for 
the treatment of nosocomial pneumonia. 

4. Conclusions 

Despite significant improvement in the meth
ods of diagnosis, identification of the specific pa
thogens of nosocomial pneumonias remains a chal
lenge. In addition, quantitative cultures of 
specimens obtained by PSB or BAL accepted as the 
gold standard are not commonly available. In many 
instances, treatment is still established on an em
pirical basis. Before selecting an antibiotic, 4 ele
mentary questions must be addressed: 

1. Is the pneumonia community-acquired or 
nosocomial? Pneumonia developing within 10 days 
of prior hospitalisation cannot ·be considered of 
community-acquired origin. 

2. Is the patient immunocompromised? The 
type of underlying disease and treatment received 
are very imporntant. Opportunistic agents such as 
P. carin ii, aspergillus and cytomegalovirus must be 
added to the common respiratory pathogens in im
munosuppressed patients. 

3. What is the type and localisation of the ra
diological pulmonary infiltrate? Radiological find
ings are not pathogen pathognomonic. However, 
some features may be helpful. Consolidation with 
cavitation suggests staphylococcal, pseudomonal, 
Klebsiella, or anaerobic aetiology. Diffuse bilateral 
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Table IV. Guidelines for the drug treatment of nosocomial pneumonia 

Organism Antibiotic Dose and route Comments 

Gram-negative bacillus Ceftazidime 2g q8h IV Combination with aminoglycoside 
or required for P. aeruginosa, 
Cefoperazone 2g q8h IV Enterobacter cloacae and Serratia 
or marcescens 
Aztreonam 2g q8h IV 

or 
Ciprofloxacin 750mg bid IV 

Pneumococcal Benzylpenicillin 8.106 units daily IV Resistant strains must be treated 

with ceftriaxone 

Staphylococcus 

Methicillin-sensitive Oxacillin 12 g/day IV 
Methicillin-resistant Vancomycin 19 bid IV 

plus 
Rifampicin 300mg bid IV 

Aspiration pneumonia Imipenem 19 tid IV 
or 
Ticarcillin/clavulanic acid 5.2g tid IV 

Mycoplasma or Erythromycin 19 tid IV Quinolones are also effective 
Legionella 

P. carinii Cotrimoxazole 15-20mg TMP IV and For 2 weeks 

(trimethoprim- 75-100mg SMX/kg/day 
sulfamethoxazole) 

or 
Pentamidine 4 mg/kg/day IV For 2 weeks 

Aspergillosis Amphotericin B 1 mg/kg/day IV Total dose required: 1.5-2g 
Candidiasis AmphoteriCin B 1 mg/kg/day IV 

or 
Fluconazole 400 mg/day IV 

Tuberculosis Isoniazid 5 mg/kg/day PO For 6 or 9 months 
Rifampicin 10 mg/kg/day PO 
Pyrazinamide 25 mg/kg/day PO 

CMV Ganciclovir 7.5-15 mg/kg/day IV 
HSVor VZV Aciclovir 25-30 mg/kg/day IV 

Abbreviations: q8h = every 8 hours; bid = twice daily; tid = 3 times daily; CMV = cytomegalovirus; HSV = herpes simplex virus; 
VZV = varicella zoster virus. 

infiltrates are common in viral, legionella or P. car
inii pneumonia. 

4. What is the local epidemiology? It is im
portant to enquire about the hospital contacts of 
the patient, and the principal microorganisms 
causing pneumonia at a given hospital and their 
susceptibility patterns. 

For empiric treatment of nosocomial pneu
monia, third-generation cephalosporins, carbape-

nems, ticarcillin-clavulanate and fluoroquinolones 
may be of comparable efficacy, and less toxic than 
the traditional regimen combining a ,3-lactam and 
an aminoglycoside. However, for P. aeruginosa, E. 
cloacae and S. marcescens, combination therapy is 
still recommended. When aspiration pneumonia is 
strongly considered, imipenem and ticarcillin-cla
vulanate should be preferred because of their aero
bic and anaerobic coverage. 
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