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ABSTRACT: The effects of antibiotic treatment on the results of protected specimen
brushing (PSB) in ventilator-associated pneumonia were prospectively assessed by
performing this procedure before antibiotic treatment, and 12, 24, 48 and 72 h after
initiation of antibiotic treatment, in 35 ventilated patients who developed pneumonia
during mechanical ventilation.
The number of micro-organisms isolated, their concentration (colony-forming units

(cfu)?mL-1), and the number of cases with a positive PSB (o103 cfu?mL-1) were
evaluated.
Within 12 h of the initiation of effective antibiotic treatment a rapid, significant

decrease in the numbers of organisms isolated, their individual concentrations and the
percentage of positive PSB results were observed. Certain bacterial species
(Streptococcus pneumoniae, Haemophilus influenzee) appeared to be more vulnerable
to antibiotics than others (Staphylococcus aureus, Pseudomonas aeruginosa, Acineto-
bacter baumanni).
This data confirms that prior antibiotic treatment, even after only a few hours of

activity, significantly decreases the sensitivity of protected brush specimen; this effect
appears to be particularly marked among the species involved in early ventilator
associated pneumonia.
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During the last two decades many studies have
analysed the potential usefulness of distal bronchial
sampling for microbiological quantitative culture in
order to guide antibiotic treatment in patients suf-
fering from ventilator-associated pneumonia (VAP).
The conclusions of these reports differ widely and,
consequently, the debate on the diagnostic efficacy of
the technique, its therapeutic value and, in particular,
its influence on outcome, is still open [1–3].

The fact that prior antibiotic treatment may pro-
duce false-negative or false-positive results in bacterial
cultures is well recognized [4, 5]. In spite of its great
importance, this clinical issue has not been appro-
priately assessed. Most of the major series published
to date include large numbers of patients already
receiving antibiotics when the procedures were per-
formed, and details concerning the nature and
duration of these treatments are generally scarce. It
seems logical to argue that "prior antibiotics" does not
represent a homogeneous situation since it may
include, for instance, an antibiotic regimen initiated
before the development of pneumonia for the treat-
ment of a different infection, or the use of antibiotic
treatment immediately after the diagnosis of pneumo-
nia but several hours before bronchial sampling is
performed.

The possible influence of prior antibiotics on
quantitative bacterial cultures of distal bronchial
samples has been analysed retrospectively in several
studies [5–7], as well as in occasional prospective series
including small numbers of cases [8, 9]. According
to the data available, antibiotics seem to decrease
bacterial numbers in bronchial samples, producing
false-negative results.

Nevertheless, the precise influence of antibiotics on
quantative bacterial cultures has not been adequately
reported previously. This is, without doubt, a critical
issue because the major advantage of any diagnostic
procedure, in terms of therapeutic management, is
to rule out disease and thus prevent unnecessary
treatment. In the context of VAP, if prior antibiotics
significantly increase the number of false-negative
results, their therapeutic value would be questionable.
Furthermore, the epidemiological data reported in
series, which included large proportions of patients on
antibiotics may be biased because these studies may
have underestimated the more vulnerable bacteria.

The aim of this study was to prospective analyse the
influence of effective antibiotic treatment on broncho-
scopic protected specimen brush (PSB) quantitative
cultures by serial bronchial sampling after adminis-
tration of antibiotics had been initiated.
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Methods

Inclusion criteria

During a 24-month period a prospective study of
mechanically-ventilated patients with a clinical suspi-
cion of pneumonia was carried out in a 30-bed general
intensive care unit (ICU) at a 1,000-bed teaching
hospital. Patients were considered for inclusion in
the study if they fulfilled all the following criteria:
1) mechanical ventilation for at least 48 h before the
development of pneumonia; 2) presence of macro-
scopically purulent bronchial secretions; 3) appearance
of a new infiltrate on chest radiography; 4) no change
in antibiotic strategy during the 3 days preceding the
diagnostic procedure; 5) no selective digestive decon-
tamination or endotracheal antibiotics administered
during hospitalization. Subjects were included in the
study definitively after at least one bacterial species
was cultured in concentrations o16104 colony form-
ing units (cfu)?mL-1 in PSB samples, and the effective-
ness of the empirical antibiotic treatment was confirmed
by sensitivity testing (fig. 1). For the purpose of the
study a limit of 16104 cfu?mL-1 was used instead of
the conventional 16103 cfu?mL-1 only as an inclusion
criterion, in order to avoid borderline episodes as
well as to allow a certain margin in the assessment
of the change in the concentration. Informed consent
was obtained from relatives of the patients and the
study protocol was approved by the authors institu-
tion9s ethical committee for clinical research.

Study protocol

Bacteriological follow-up of the cases was carried
out by repeated PSB during the first 72 h of antibiotic

therapy. The first bronchoscopy (PSB1) was performed
before a new and empirical antibiotic treatment was
started in all cases. Patients were premedicated intra-
venously with midazolam and a short-acting para-
lytic agent (pancuronium bromide) 10 min before
the procedure, but topical anaesthesia was not
used. Then, without stopping mechanical ventilation
a fibreoptic bronchoscope (Olympus BF1T30D;
Olympus, New Hyde Park, NY, USA) was introduced
through a special adapter and advanced without
suction to the bronchial orifice of a lung segment
identified radiologically as the one containing the new
infiltrate. The PSB (Microbiology Brush; Mill-Rose
Lab Inn, OH, USA) was then advanced to a sub-
segmental, peripheral position. After dislodging the
distal plug to obtain lower airway secretions for
microbial cultures, the brush was retracted into the
inner cannula, and the whole unit was removed from
the bronchoscope. Finally a sample of bronchial
secretions was collected for Gram-staining by direct
suction through the inner channel of the broncho-
scope. PSB brush was cut aseptically into a sterile tube
containing 1 mL of Ringer9s solution and vortexed
for 1 min. Specimens were immediately sent to the
laboratory for quantitative cultures. Two calibrated
loops of 0.01 and 0.001 mL were used to plate the
samples onto blood agar, chocolate agar medium,
McConkey agar, and Sabouraud medium. Bacterial
growth was expressed as cfu?mL-1. Successive PSBs
were performed by the same operator in the same
subsegment of the lung at 12 (PSB2), 24 (PSB3),
48 (PSB4) and 72 h (PSB5) after the beginning of
antimicrobial treatment.

Empirical treatment of patients

Immediately after the first bronchoscopy was per-
formed, empirical antibiotic treatment was started.
The choice of antibiotics was left to the discretion of
each attending physician in the context of current
recommendations for the management of nosocomial
pneumonia at the authors9 institution. Antibiotic
treatment for early-onset pneumonia was amoycillin-
clavulanate or a second-generation cephalosporin plus
cloxacillin and for late-onset pneumonia the regimen
included an antipseudomonal betalactam plus tobra-
mycin. This treatment was occasionally modified on
the basis of initial microbiological data such as
Gram-staining of bronchial secretions.

Data collection

The following clinical variables were recorded:
age, sex, severity of underlying medical condition
stratified according to the criteria of MCCABE and
JACKSON [10], Acute Physiological and Chronic Health
Evaluation (APACHE) II score on admission to
the ICU, indications for ventilatory support, prior
antimicrobial therapy at the time of examination,
duration of mechanical ventilation temperature, white
blood cell count (1610?L-1), oxygen tension in arterial
blood/inspiratory oxygen fraction ratio, a radiological

Patients considered for inclusion
n=51

1. Mechanical ventilation for at least 48 h
2. Macroscopically purulent bronchial secretions
3. Appearance of a new infiltrate on chest radiograph
4. No change in antibiotic strategy during three days
5. No selective decontamination or endotracheal antibiotics

PSB1 performed before
antibiotic
Empirical antibiotic
treatment

1. PSB1 ≥104 cfu·mL-1

2. All bacterial isolates 
effectively covered by
empirical antibiotic

1. PSB1 <104 cfu·mL-1

2. All bacterial isolates 
not effectively covered by
the empirical antibiotic

Exclusion from the study
n=16

Definitive inclusion from
the study

n=35

Fig. 1. –Trial profile. PSB: protected specimen brush.
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score determined by modification of the technique
described by WEINBERG et al. [11] and antibiotic
prescribed in the current episode of pneumonia. To
evaluate the bacteriological evolution the following
parameters in each PSB sample were analysed:
number of micro-organisms isolated, number of
cfu?mL-1 and number of cases with a positive PSB
culture (o16103 cfu?mL-1).

Statistical analysis

Descriptive analysis was performed and results
were expressed as mean¡SD or as a fraction of total.
Means were compared using Wilcoxon9s rank-sum
test. McNemar9s test was used to determine the
statistical significance of differences for binomial
paired samples and the Chi-squared test was used
for categorical variables. Differences between groups
were considered to be significant at pv0.05.

Results

Population studied

Thirty-five patients (29 males and 6 females) were
included definitively (fig. 1). Mean age was 46¡18 yrs
(range, 16–79) and the average number of ventilator
days was 4.6¡4 (range, 2–19). In 26 (72%) cases, pneu-
monia developed during the first 4 days of mechanical
ventilation. Other demographic and clinical character-
istics of the patients are shown in table 1. The primary
indication for ventilatory support was closed head
injury in 48% of cases, other neurological emergencies
(20%), postoperative respiratory failure (14%), multi-
ple trauma (9%), cardiac failure (6%) and exacerba-
tion of chronic obstructive pulmonary disease (3%).

Twenty-eight patients (77%) had not been receiving
antimicrobial therapy prior to the study. The other
seven patients were receiving antibiotic therapy for a
previous infection for at least 3 days. The antibiotics
prescribed were: cephalosporin (n=4), penicillin (n=1),
imipenem (n=1) and amoxycillin-clavulanate (n=1).
The empirical antibiotic treatment prescribed in the

cases studied is summarized in table 2. A single
antibiotic was used in 22 cases and a combination
of two drugs in the others. The overall hospital
mortality rate for the study group was 38% (14/35
patients). Seventy-one per cent of all deaths were
due to causes other than VAP; 11 suffered early VAP
and most of them died from neurological causes
(closed-head injury, neurological emergency). The
mean time from diagnosis of VAP to death was
8.3¡5 days for the 14 patients, for those dying with
early-VAP the time was 5.8¡2 days.

Five of the 35 patients included could not complete
the study. In three cases the patients died before the
study was finished and the other two were excluded
due to contraindications to bronchoscopy during
the follow-up (severe hypoxaemia or haemodynamic
deterioration). However, in all cases the results of
at least the first 24 h of antibiotic treatment were
recorded and therefore they were taken into con-
sideration. Although, 5 serial PSB were performed
in each patient, side-effects were unusual and only in
five cases was limited bronchial bleeding reported.

Initial protected specimen brush culture results

A total of 66 micro-organisms were isolated in
concentrations o16104 cfu?mL-1 among PSB1 sam-
ples (table 3). Twenty-eight were Gram-positive bac-
teria and 38 were Gram-negative. More than one
isolate was recovered in 24 (66%) of the patients. The
most commonly isolated species was Haemophilus
influenzae (n=17), followed by Streptococcus pneumo-
niae (n=12) and Staphylococcus aureus (n=12), most
of them in polymicrobial isolates. All the pathogens
recovered from the initial PSB in the seven patients
who had received antibiotics before the study were
resistant to these antibiotics (table 4). These organ-
isms were: Acinetobacter baumannii (five cases),
Pseudomonas aeruginosa (two cases), and Proteus
mirabilis (one case).

Results of serial protected specimen brush cultures

In the analysis of serial PSB and according to
standard recommendations [2, 5], bacterial species

Table 1. – Clinical characteristics of the patients

Patient characteristics

Age yrs 46¡17 (16–79)
APACHE score 13.1¡4.5 (5–23)
Severity of underlying disease
Fatal or ultimately fatal within 5 yrs 8
Nonfatal 27

Duration of prior ventilation days 4.6¡4 (2–19)
Temperature uC 38.4¡0.4 (38–39.3)
WBC 109?L–1 12.1¡3.4 (5.6–18.6)
Pa,O2/Fi,O2 217¡76 (87–382)
Radiological score 3.89¡1.3 (2–7)

Data are presented as mean¡SD with range in parentheses
unless otherwise stated. APACHE: Acute Physiological and
Chronic Health Evaluation; WBC: white blood cell; Pa,O2:
oxygen tension in arterial blood; Fi,O2: inspiratory oxygen
fraction.

Table 2. – Antibiotics prescribed in the studied episodes of
ventilator-associated pneumonia (VAP)

Early-onset
pneumonia

Late-onset
pneumonia

Amoxycillin-clavulanate 18 1
Imipenem 3
ImipenemzTobramycin# 1 3
CefuroximezCloxacillin 4
CeftazidimezTobramycin# 1 2
Piperacillin-tazobactamz
Tobramycin#

2

#: VAP presented on the fourth day of mechanical ventila-
tion and the attending physician considered that combined
antibiotherapy usually prescribed in late-onset pneumonia
was required.
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cultured in a concentration of o16103 cfu?mL-1 were
accepted as significant bacterial isolate and conse-
quently a positive PSB result. From the initial 66
(100%) micro-organisms isolated in PSB1 samples, 34
(50%) were recovered by PSB2 cultures, 23 (34%) from
PSB3, 9 (13%) from PSB4 and finally only 2 (4%) of
the initial pathogens persisted at high concentrations
in the PSB5 culture (fig. 2). Accordingly, the number

of positive PSBs steeply declined from the initial 35
positive to 25 at 12 h, 19 at 24 h, 7 at 48 h and only
2 at 72 h (fig. 3).

Parameters reflecting the bacterial load, such as
number of colony counts of each individual micro-
organism also decreased significantly after the intro-
duction of antibiotic therapy. The mean number of
colony counts decreased from 80,300¡35,200 cfu?mL-1

Table 3. – Bacterial species recovered from the first protected specimen brush (PSB) samples at numerically significant
concentrations

Organism Total Monomicrobial
isolates

Polymicrobial
isolates

Gram-positive bacteria 28
Streptococcus pneumoniae 12 1 11
Other Streptococci 3 3
Staphylococcus aureus 12 1 11
Corynebacterium equii 1 1

Gram-negative bacteria 38
Haemophilus influenzae 17 3 14
Acinetobacter baumannii 7 5 2
Pseudomonas aeruginosa 5 2 3
Escherichia coli 4 1 3
Proteus mirabilis 2 2
Citrobacter spp. 1 1
Klebsiella oxytoca 1 1
Moraxella catarrhalis 1 1

Numerically significant concentrations in PSB samples were o16103 cfu?mL-1.

Table 4. – Details of patients on antibiotics before protected specimen brush (PSB) sampling

Indication Antibiotic treatment Duration of prior
antibiotic days

Aetiological micro-
organisms of VAP

Initial PSB1

concentrations cfu?mL-1

Meningitis Penicillin 5 Pseudomonas aeruginosa 16105

Abdominal infection Imipenem 5 Proteus mirabilisz 16105

Acinetobacter baumannii 16105

Postoperative prophylaxis Cefuroxime 4 Acinetobacter baumannii 76104

Bronchial superinfection Amoxicllin-clavulanate 4 Acinetobacter baumannii 16105

Postoperative prophylaxis Cefuroxime 4 Pseudomonas aeruginosa 16105

Postoperative prophylaxis Cefuroxime 5 Acinetobacter baumannii 86104

Bronchial superinfection Cefuroxime 3 Acinetobacter baumannii 16105

VAP: ventilator-associated pneumonia.
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Fig. 2. –Evolution of microbial isolates grown in significant
concentrations during the first 72 h of antibiotic treatment. **:
pv0.01 (McNemar9s test).
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Fig. 3. –Evolution of positive protected specimen brush (PSB)
samples during the first 72 h of antibiotic treatment. **: pv0.01
(McNemar9s test).
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in the PSB1 to 15,500¡27,130 cfu?mL-1 in the PSB2

samples (pv0.0001). In general, bacterial counts
decreased sharply during the first 12–24 h of the
study (fig. 4).

The trend of the change observed in PSB results
seems to be related to the nature of the microbio-
logical isolates. H. influenzae and S. pneumoniae
isolates decreased rapidly after the administration
of effective antibiotic therapy. These two pathogens
accounted for 42% of all the micro-organisms
isolated. During the first 12 h of antibiotic treat-
ment, the number of isolates halved compared with
the initial cultures, and completely disappeared after
48 h. However, S. aureus and certain Gram-negative
bacilli such as A. baumannli and P. aeruginosa showed
a slower rate of decrease during the study period
(pv0.05). After 48–72 h of the antibiotic therapy some
of these pathogens persisted at numerically significant
concentrations (16103 cfu?mL-1). The evolution of
the most frequently isolated organisms is shown in
figure 5.

Finally, in four cases (11 %) follow-up PSB cultures
showed the appearance of five new species, four at
numerically significant concentrations and one at
low concentration v16103 cfu?mL-1 (table 5). These
new emerging species were: S. aureus methicillin
resistant (n=1), A. baumannli (n=2) Enterobacter
aerogenes (n=1), Serratia marcescens (n=1) and
P. aeruginosa (n=1). Resistance to the initial anti-
microbial agents was documented in all cases.

Discussion

This study confirms that antibiotics can have a
marked effect on PSB results, even after a short period
of time. According to this data, after only 12 h of
effective antibiotic treatment, PSB missed 28% of
VAP episodes. In addition, among the remaining
positive cases, the procedure missed 50% of the species
involved, and as predicted this trend increased in later
samples. The potential implications of these findings
for the management of VAP are obvious.

To date, only a few reports in the literature have
specifically analysed the effect of an adequate
antibiotic therapy on the results of PSB, and most
of these studies have demonstrated a decrease in its
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Fig. 4. –Evolution of number of colony forming units (cfu)?mL-1

of individual bacteria during the first 72 h of antibiotic treatment.
#: pv0.00001 (Wilcoxon test).
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Fig. 5. –Evolution of the most commonly isolated species. Showing
in a) Acinetobacter baumannii (..........) and Pseudomonas aeru-
ginosa (——) and in b) Haemophilus influenza (– – –), Staphylo-
coccus aureus (..........) and Streptococcus pneumoniae (——).

Table 5. – New pathogens recovered during follow-up

Aetiological micro-
organisms of VAP

Antibiotic treatment
of VAP

Aetiologies of
superinfection

Time of
superinfection h

PSB cfu?mL-1

Haemophilus influenzae Amoxycillin clavulanate MRSA 48 (PSB4) 76104

Moraxella catarrhalis Amoxycillin clavulanate Enterobacter Aerogenes 72 (PSB5) 36104

Staphylococcus aureus Acinetobacter baumannii 76103

Streptococcus pneumoniae Amoxycillin clavulanate Acinetobacter baumannii 24 (PSB3) 86103

Pseudomonas aeruginosa 16103

Haemophilus influenzae Amoxycillin clavulanate Serratia marcescans 48 (PSB4) 36102

VAP: ventilator-associated pneumonia; PSB: protected specimen brush; MRSA: methicillin-resistant Staphylococcus aureus.
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efficacy, with a fall in sensitivity tov60% in patients
already receiving antibiotics [1]. These data have been
also confirmed by results obtained in quantitative
cultures of samples of pulmonary tissue recovered
immediately post mortem [5, 6]. These studies have
shown that in the context of adequate antibiotic
therapy, the culture of bronchopulmonary samples
obtained by PSB or bronchoalveolar lavage, as well as
that of lung tissue of most patients with histological
evidence of VAP gives negative results or very low
quantitative cultures. The period of time required
to eradicate a sensitive micro-organism from the
lung is not known, but according to the results of
MONTRAVERS et al. [8], 3 days of antibiotic therapy can
eliminate most of the micro-organisms present at
the beginning of the infection. GARRAD and A9COURT.
[12] and BLAVIA et al. [9] obtained similar results
using serial cultures of different respiratory samples
from patients with pulmonary infections. In support
of the authors9 previous data [13], the present study
showed that once adequate empirical antibiotic
therapy had been introduced, bacterial concentrations
in respiratory samples rapidly decreased. Thus, after
just 12 h of antibiotic treatment, 28% of all the
cultures obtained by PSB in patients with pneumonia
became negative, and after 24 h this figure reached
46%. These data point to the need to obtain respira-
tory samples well before the introduction of the anti-
biotic; otherwise, the threshold figure of 1,000 cfu?mL-1

loses its discriminatory value. Some authors [7, 14]
have suggested lowering this cut-off point, i.e. the
diagnostic threshold of the bronchoscopic techniques,
in order to maintain the diagnostic accuracy of these
endoscopic procedures. According to SOUWEINE et al.
[7], in patients who have received empirically appro-
priate antibiotic therapy the reduction of the thresh-
old figure to 100 cfu?mL-1 would increase the
sensitivity of the procedures without modifying their
specificity. In contrast, in a case in which a patient
with pneumonia being treated with antibiotics suffers
a pulmonary superinfection, the micro-organisms
responsible for this second infection will be resistant
to the first antibiotic and hence the PSB cultures will
be positive [8, 15].

This study could be criticized for lacking a definitive
diagnostic technique such as a histological sample
of lung tissue. According to the guidelines of the
American College of Chest Physicians [16], all the
cases in this study should be considered as "probable
pneumonia". However, in the absence of previous
antibiotic treatment a very good correlation has
been observed between the criteria for the histo-
logical diagnosis of pneumonia and positive quanti-
tative cultures of samples of lung tissue, as well as
those obtained by PSB [7, 15]. In this study, the
patients were not receiving antibiotics before they
suffered pneumonia, or if they were, pneumonia
appeared several days after an empirical antibiotic
regimen had been started for other reasons, and PSB
was carried out before antibiotics were modified.
Therefore, in these cases the threshold figure of
1,000 cfu?mL-1 can be accepted as a valid indicator
of the presence of infection. Similarly, in all the
cases clinical follow-up allowed us to evaluate the

clinical and radiological evolution of the pulmonary
infection and rule out alternative causes for fever and
pulmonary infiltrates.

The aetiological spectrum of pneumonia in these
patients may differ from other reports which analysed
the efficacy of PSB in the aetiological diagnosis of
pneumonia [17–20]. According to the present authors9
experience as well as that of other groups, the timing
of the presentation of the pulmonary infection and
the absence of previous antibiotics modulate the
involvement of different causative micro-organisms
in the pneumonia. In 64% of cases described here
the pneumonia appeared during the first 4 days of
mechanical ventilation, and were therefore early
pneumonias [21]. In these episodes, the infection is
the consequence of aspiration or introduction of
micro-organisms present in the oropharynx during
the endotracheal intubation. The most frequently
observed micro-organisms in early pneumonia are
S. pneumoniae, S. aureus, and H. influenzae, present
in 62% of the isolates in this study. As a consequence,
the pathogenesis, and therefore the aetiological
spectrum, must be different from those in late pneumo-
nia [22]. As far as the pneumococcus is concerned,
these results appear to be in accordance with those of
other series dealing with severe community acquired
pneumonia [23, 24], where the authors emphasize that
S. pneumoniae was seldom isolated in patients already
receiving antibiotics. Conversely, late-onset pneumo-
nia that occurs after 4 days of mechanical ventila-
tion is more commonly caused by P. aeruginosa and
multiresistant Gram-negative bacilli. It is well known
that previous broad-spectrum antibiotic therapy
facilitates the presentation of highly resistant organ-
isms [25], as was observed in 30% of patients in this
study.

In this series, the impact of antibiotics on the results
of the cultures of the PSB samples was not homo-
geneous for all species. Most organisms responsible
for early pneumonia, such as S. pneumoniae and
H. influenzae disappear rapidly from the serial cultures
of PSB samples. In contrast, other organisms such
as S. aureus, P. aeruginosa or A. baumannii are
more difficult to eradicate and therefore can still be
cultivated from samples even after 48 h of adequate
antibiotic treatment. These results corroborate the
data of GARRAD and A9COURT [12] who demonstrated
the persistence of P. aeruginosa in respiratory secre-
tions several days after adequate treatment, suggesting
that the behaviour of this organism may be different
from other species. Similar results were obtained
by SMITH et al. [26] studying an animal model of
polymicrobial pneumonia caused by S. aureus and
S. pneumoniae. Although amoxycillin-clavulanate was
effective against these micro-organisms, SMITH et al.
[26] observed that the number of colonies of S. aureus
cultured from the pulmonary tissue decreased more
slowly than in the case of the pneumococcus. The
causes and the clinical implications of the persistence
of the organisms hours or even days after the intro-
duction of an empirically appropriate antibiotic are
not known.

Today, distal bronchial sampling methods such as
PSB are no longer considered mandatory for the
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microbiological diagnosis of VAP, considering that
quantitative cultures of proximal secretions have
demonstrated an acceptable degree of correlation
with these more sophisticated procedures [27, 28].
Nevertheless, the present authors9 experience strongly
suggests that this simpler approach may also be
influenced by antibiotics.

According to the data obtained in this study, many
of the figures on diagnostic efficacy of distal bronchial
sampling procedures reported in the literature may
be considered as inaccurate. Protected specimen
brush has a poor diagnostic value in ventilator-
associated pneumonia patients already receiving anti-
biotics, even for a few hours, when the samples are
collected. This is particularly true in cases of early
pneumonia, because the most prevalent organisms in
this context, Streptococcus pneumoniae and Haemo-
philus influenzae, are extremely vulnerable to the effect
of antibiotics.
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