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ABSTRACT

Background: There is still a lack of evidence as to which me-
thod of biological sample collection is optimal for identifying
bacterial pathogens causing hospital-acquired pneumonia
(HAP). Much effort has been made to find an easy and valid
approach to be used in clinical practice.

Methods: The primary endpoint of this prospective, obser-
vational study was to determine the predictive value of oro-
pharyngeal swab (OS) and gastric aspiration (GA) as simple
and non-invasive methods for diagnosing HAP. Their efficacy
was compared to endotracheal aspiration (ETA) and protected
specimen brushing (PSB), the standard methods approved
for HAP diagnosis.

Results: Initially, 56 patients were enrolled. Significant
amounts of bacterial pathogens were detected in 48 patients
(79 isolates) in Round A and in 39 patients (45 isolates) in
Round B (after 72 hours). The sensitivity rates were: ETA 98%,
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Uvod: Pro urceni optimalni metody ziskani vzorku biologic-
kého materidlu k urceni etiologického agens nozokomialni
pneumonie (HAP) stéale neexistuje dostatek ddkazl, pricemz

PSB 31%, OS 64% and GA 67% in Round A and ETA 87%, PSB
32%, OS 74% and GA 42% in Round B. Strains of 12 bacterial
species were identified in the samples. The three most com-
mon etiological agents (both rounds together) were Klebsiella
pneumoniae (23.7%), Burkholderia multivorans (21.1%) and
Pseudomonas aeruginosa (15.8%).

Conclusions: Blind ETA is an optimum method for obtaining
biological samples for identification of etiological agents
causing HAP in intubated patients. Microbial etiological agents
were more frequently detected in ETA samples than in those
collected by PSB. If ETA/PSB results are negative, samples
may be collected by OS and/or GA as these techniques fol-
lowed ETA in terms of the frequency of pathogen detection.
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snaha je zamérena na urceni nejsndze proveditelného, lev-
ného a pritom dostatecné validniho zptsobu odbéru, ktery
je v klinické praxi snadno proveditelny.

Metody: Primarnim cilem prospektivni, observaéni studie
bylo ur¢eni prediktivni hodnoty vzorkl vytéru orofaryngu
(0S) a zaludecniho aspiratu (GA) pro urceni plvodct HAP.
Vytéznost téchto odbérd byla porovnana se vzorky endo-
trachedlniho aspirdtu (ETA) a krytého brushe (PSB), ktery
je povazovan za zlaty standard metod prikazu plvodce HAP.
Vysledky: Do studie bylo zafazeno 56 pacientl. U 48 z nich
bylo urc¢eno v 79 izoldtech signifikantni mnozstvi bakterial-
nich patogent ve dvou kolech odbér( s odstupem 72 hodin.
U zbylych 8 pacientl nebylo zaznamenano signifikantni
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mnozstvi patogenl v Zzadném izolatu. Senzitivita jednotlivych
typl odbérd v prvnim kole byla u ETA 98%, PSB 31%, OS 64%
a GA 67%; ve druhém kole ETA 87%, PSB 32%, OS 74% a GA
42%. Ve vzorcich bylo identifikovano celkem dvandact bakterial-
nich species. Nejcastéji zachycenymi byli: Klebsiella pneumo-
niae (23,7%), Burkholderia multivorans (21,1%) a Pseudomonas
aeruginosa (15,8%).

Zaveér: Necilené odebrany vzorek ETA je u intubovanych pa-
cientl optimalni metoda pro ziskani biologického materialu
k identifikaci etiologického agens HAP. U vzorkd ETA byl za-

INTRODUCTION

Hospital-acquired pneumonia (HAP) accounts for 10-50%
of nosocomial infections in the intensive care unit (ICU)
[1-3] and for more than 50% of the antibiotics prescribed
[4]. Mechanical ventilation and intubation increase
the risk of HAP 3- to 21-fold [5]. HAP prolongs hospital
stay by 7-9 days [6], increases treatment costs and is
associated with a mortality of 20-60% [7, 8], especially
if accompanied by severe sepsis [9, 10]. As many as half
of all deaths related to nosocomial infections are due to
nosocomial pneumonia [11]. The 2005 American Thoracic
Society and Infectious Diseases Society of America (ATS/
IDSA) guidelines define HAP as pneumonia occurring
48 hours or more after hospital admission, which was
not incubating at the time of admission [7]. According
to some authors, HAP may be further classified into
early-onset pneumonia, arising within 48-96 hours after
hospital admission and late-onset pneumonia occurring
after day 5 of admission, with the latter being associated
with a higher risk of infection with multidrug-resistant
(MDR) pathogens [12].

The clinical diagnosis of HAP is based on the presence
of a new lung infiltrate plus clinical evidence that the
infiltrate is of infectious origin, which includes the
new onset of fever, purulent sputum, leukocytosis, and
decline in oxygenation [12, 13].

Pneumonia in ICU patients is mostly due to aspiration of
microorganisms from the nasal, oropharyngeal or gastric
flora [3]. The lower respiratory tract may be contaminated
prior to ICU admission due to impaired barrier function
of the upper respiratory tract, usually as a consequence
of altered consciousness, trauma, surgery, or invasive
airway management.

Gram-negative bacilli account for more than 50% of com-
monly isolated pathogens in HAP. Notable among these
are Klebsiella pneumoniae, Pseudomonas aeruginosa, Enterobacter
spp. and Acinetobacter spp. [13-15]. Recent trends show
an increase in the prevalence of HAP caused by MDR
bacteria [2, 16, 17]. Inadequate initial antibiotic therapy
is associated with a significant increase in mortality in
ICU patients suffering from HAP [10, 18]. Targeted an-
tibiotic therapy may only be started after the etiological
agent is recognized and its susceptibility to antibiotics
is determined. In clinical practice, however, it may be
difficult to detect and correctly identify the etiological
agent of HAP in a biological sample. The diagnosis and
treatment of pneumonia are fully described in two sets
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znamenan vyrazne ¢astéjsi zachyt mikrobialniho etiologického
agens HAP nez u PSB. V pfipadé negativniho vysledkd ETA/
PSB Ize prihlédnout k vysledku stéru z orofaryngu a/nebo
vzorku aspiratu zalude¢niho obsahu, které v cetnosti zachytu
etiologickych agens nasledovaly ETA.

KLICOVA SLOVA:
nozokomialni pneumonie - bakterialni pavodci
- endotrachedlni aspirat - kryty brush
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of guidelines currently in force, American (IDSA/ATS
2016) and European (ERS/ESCMID/ESICM 2009) [12, 19].
The most direct and specific method of biological sam-
ple collection for microbiological examination is bron-
choscopy-assisted protected specimen brushing (PSB)
[20]. The technically most feasible sampling method is
endotracheal aspiration (ETA) in intubated patients.
The use of other bronchoscopy and puncture methods
for obtaining samples from the lower respiratory tract
is also beneficial [21]. However, the results may be am-
biguous and these techniques may also pose a potential
risk of injury for the patient. In an effort to find the
optimal approach to biological sample collection that
is technically and economically feasible as well as suf-
ficiently sensitive, it is useful to compare different
types of sampling methods. Study of their validity will
aid in determining whether ETA, gastric aspirate or
an oropharyngeal swab are comparable to the techni-
cally more difficult PSB. According to a current weak
recommendation with low quality of evidence from
the IDSA/ATS on the management of adult with HAP
and ventilator-assisted pneumonia, treatment should
be initiated according to the results of non-invasive
sampling and semi-quantitative cultures [12].

MATERIALS AND METHODS

Study design

The study was designed as prospective and observa-
tional. It was approved by the Ethics Committee of the
University Hospital Olomouc and Faculty of Medicine
and Dentistry, Palacky University in Olomouc on 25
June 2012 (reference number 98/12) and registered in the
Clinicaltrials.gov database (ID: NCT03039998). Informed
consent was not possible to obtain from participants
prior their enrollment as the study was conducted on
unconscious patients. Informed consent was obtained
later from the participants that where in sufficient level
of consciousness.

The primary endpoint was to assess the sensitivity and
specificity of diagnostic sampling methods with respect
to identification of the etiological agent of HAP and to
determine the method with the highest sensitivity. The
aim was to test the hypothesis that in addition to PSB,
considered a gold standard, there is a technically simpler
method of obtaining biological samples for identification
of bacteria causing HAP.



Civen the two-round system of sample collection, the
possibility of detecting pathogens in the same group
of patients on two occasions at a 72-hour interval was
verified. The secondary endpoint was to determine how
frequently identical etiological agents causing HAP were
detected by various sampling methods.

Patients

The study group comprised patients hospitalized in
the Department of Anesthesiology and Intensive Care
Medicine, University Hospital Olomouc and Faculty of
Medicine and Dentistry, Palacky University Olomouc
between 1 March 2013 and 31 May 2015 who developed
clinical signs of HAP. The diagnostic criteria for HAP
included the presence of newly developed or progressive
infiltrates on chest radiographs in patients hospitalized
for 48 hours or more plus at least two other signs of re-
spiratory tract infection such as temperature over 38 °C,
purulent sputum, leukocytosis (WBC > 12 x 103/mm?) or
leukopenia (WBC < 4 x 10*/mm?), signs of inflammation
on auscultation, cough and/or respiratory insufficiency
(Pa0O2/Fi02 <300 mmHg). Another inclusion criterion
was the need for tracheal intubation. The following
basic patient data were recorded: gender (male/female)
and age at enrolment (years). The detection of specific
bacterial strains in four types of biological samples as
well as the quantity of culture and identity of isolated
bacterial strains were studied.

All the patients with basicinternal as well as surgical disea-
ses regardless of whether the disease was acute or chronic
were enrolled into the study. The only decisive criterion
was the length of stay in the hospital and fulfillment of the
HAP criteria. The duration of hospitalization in the study
was always longer than 48 hours to meet the criteria for
at least early HAP. At the time of inclusion, all patients
were mechanically ventilated. The length of mechanical
ventilation was not monitored because the file was not
divided into HAP/VAP (Ventilator-associated pneumonia).
In all patients, antibiotic treatment was initiated after
diagnosis of HAP. The therapy was guided empirically and
respected the guidelines’ principles for the treatment of
nosocomial pneumonia [22], till the determing etiological
agents and its sensitivity to antibiotics. After determina-
tion of the etiological agent of pneumonia the treatment
was subjected to modification, escalation or deescalation.

Collection of samples for microbiological culture
Four types of biological material samples were collected at
once in each patient at the time of enrolment, thatis, wi-
thin 24 hours from the appearance of clinical signs of HAP.
1. Oropharyngeal swab (OS) - Samples were collected from
the back wall of the oropharynx using a commercially
available sample collection kit with a transport medium
(Copan Diagnostics).

2. Gastric aspiration (GA) - Ten milliliters of gastric juices
were aspirated with an irrigation syringe from a naso-
gastric tube into a sterile plastic container at the end of
the feeding interval, just prior to administering another
dose of enteral nutrition.

3. Endotracheal aspiration (ETA) - Samples were collected by
aspiration of secretions from an orotracheal tube using a
sterile closed collecting system, with subsequent rinsing
of the suction catheter with 10 mL of sterile saline and
closing of the test tube with a sterile stopper.

PUVODNI PRACE

4. Protected specimen brushing (PSB) - A flexible bron-
choscope was introduced near the orifice of the segmen-
tal bronchus with the most marked opacities detected by
high-resolution computed tomography. If secretion was
visible in the subsegmental bronchus, the PSB catheter
was advanced into this secretion, the protected brush
was opened and the secretion was sampled from this
area. If secretion was not bronchoscopically visible,
the entire PSB catheter was advanced 2-3 cm from the
bronchoscope tip and then the brush was advanced by
another 2-4 cm into the relevant subsegmental bronchus.
Then the brush was moved back and forth and rotated
several times, retracted into the PSB catheter and this
was removed from the bronchoscope. The distal portion
of the PSB catheter was washed in 70% alcohol and cut.
Biological sample collection was performed in two
rounds, immediately after enrollment of the patient
into the study (Round A) and 72 hours later (Round B).
In patients who were extubated during the first 72 hours
after their enrolment, Round B samples were not ob-
tained due to the impossibility of performing PSB and
ETA sampling.

The two-round design of microbiological examinations
was selected in the study design to increase the number
of identified HAP bacterial agents and to evaluate the
effect of antibiotic therapy (these data are not part of
this work).

Sample processing

The time between collection of samples and their proces-
sing in a microbiology lab did not exceed 30 minutes. The
transport temperature range was 18-26 °C. Each sample
was processed by a semi-quantitative method based on the
four-quadrant streak technique using a calibrated loop,
with the quantity of isolated microorganisms ranging
between 10? and 10" colony forming units (CFUs) per mL.
The samples were processed by standard microbiological
methods. The microorganisms were identified by MALDI-
-TOF mass spectrometry (Bruker Daltonics). If the same
bacterial species were detected in more than one sample,
their relationship and/or identity were determined.

Definition of positive findings

An etiological agent was considered relevant if the quan-
tity exceeded 10° CFU/mL and 10° CFU/mL in ETA secretion
and PSB samples, respectively [23]. Since there are no
such thresholds for OS and CA samples, positive detec-
tion in these samples was not considered a confirmed
etiological agent.

Detection of identical pathogens

To see whether bacterial pathogens detected by diffe-
rent biological sampling techniques were unique or
not, DNA profiles of the tree most frequently cultured
pathogens (Klebsiella pneumoniae, Burkholderia multivorans
and Pseudomonas aeruginosa) were compared. In Klebsiella
prneumoniae and Pseudomonas aeruginosa strains, the relati-
onship and/or identity were determined by pulsed-field
gel electrophoresis (PFGE) as described by Husickova
et al. [24]. The similarity of isolates was determined in
accordance with interpretation criteria by Tenover et al.
[25]. Isolates of Burkholderia multivorans were typed using
random amplification of polymorphic DNA (RAPD) as
described by Mahenthiralingam et al. [26].
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Statistical analysis

Excluded from the study were patients with incomplete
data. Statistical analyses were performed using visual
inspection of data and normality tests; redundancy of
predictors was assessed by analyzing their associations
(correlation for continuous variables and contingency
table analysis for categorical variables). Standard de-
scriptive statistics were used to summarize primary
data; continuous variables were used to determine the
confidence interval, median and range; and categorical
variables were used to determine absolute and relative
frequencies. The selection of variables for a multivariate
model was based on univariate P < 0.1 and redundancy
analysis of preselected predictors. All analyses were
carried out at a P < 0.05 level of statistical significan-
ce. The software used was SPSS 21 (IBM Corporation,
2012).

RESULTS

Patients
In Round A, comprising 56 patients, a total of 79 bacterial
isolates were detected. Eight patients had no positive

56 patients

culture findings in any of their biological samples. In
15 patients, no bacterial pathogens meeting the above
quantity criteria were isolated from ETA or PSB samples.
Thus, a total of 33 patients were assessed, from whom
45 positive culture samples were obtained. Twenty-two
patients had one etiological agent, ten patients had two
agents and one patient had three agents (Fig. 1). Between
Round A and Round B, two patients died and 15 patients
were extubated. In Round B, 39 patients were included
and 45 bacterial isolates were obtained. Five patients had
negative lower respiratory tract findings. In 10 patients,
the quantity of their agents did not reach the threshold.
A total of 24 patients had significant findings in ETA or
PSB samples comprising 31 agents. Eighteen patients
had one etiological agent, five patients had two agents
and one patient had three agents (Fig. 2).

Descriptive data

The mean age of patients was 67.2+14.8 years; the median
age was 70 years. The group comprised 40 males (71.4%)
and 16 females (28.6%). The mean BMIwas 29.6 + 6.2 kg/
m2, range 18.4-44 .1 kg/m2 and median 28.5 kg/m?.

Main results
In Rounds A and B, ETA sampling
was able to detect 99.7% and 87.1%
of positive findings of etiological
agents causing HAP, respectively

48 patients, 79 isolates

1 (93.4% for both rounds).
PSB sampling detected 35.6%
and 35.4% of positive findings
in Rounds A and B, respectively
(35.5% for both rounds).

non-significant amount of agents
15 patients, 34 isolates

L

significant amount of 1 or mere agents
33 patients, 45 isolates

I I
22 patients, 1 isolate 10 patients, 2 isolates

Figure 1. Round A flow chart

39 patients

1 patient, 3 isolates

5 patients, no isolate

1
34 patients, 45 isolates

non-significant amount of agents
10 patients, 14 isolates

n|

significant amount of 1 or more agents
24 patients, 31 isolates

18 patients, 1 isolate 5 patients, 2 isolates

Figure 2. Round B flow chart
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In the subgroup of patients with
positive findings obtained by
ETA or PSB sampling, identical
agents were also detected by OS
sampling in 62.2% and 54.8% in
Rounds A and B, respectively
(59.2% for both rounds). GA sam-
pling detected the same agents
in 66.6% and 41.9% in Rounds
A and B, respectively (56.6% for
both rounds).

Bacterial strains

A total of 12 different bacterial
species were detected in both
rounds of sample collection
(Table1).

In biological samples obtained
from the lower respiratory
tract, the most frequently
identified strains were those
of Klebsiella pneumoniae (25.4%),
Burkholderia multivorans (22.5%)
and Pseudomonas aeruginosa (16.9%).
The three species accounted for
56.2% of agents detected in ETA
samples, 56.0% of agents in
PSB samples, 64.6% in OS sam-
ples and 70.7% in GA samples
(Table 2).



Table 1. Frequency of bacterial species - etiological agents causing
HAP (A - Round A, B - Round B)

Etiological agents A B Total %

Klebsiella pneumoniae il 7 18 25.4
Burkholderia multivorans 8 8 16 225
Pseudomonas aeruginosa 8 4 12 16.9
Staphylococcus aureus 3 1 4 5.6
Serratia marcescens 1 4 5 7.0
Proteus mirabilis 2 1 3 42
Enterococcus faecalis 2 1 3 42
Enterococcus faecium 2 1 3 42
Proteus vulgaris 1 2 3 42
Escherichia coli 2 0 2 2.2
Enterobacter cloacae 0 1 1 1.4
Stenotrophomonas maltophilia 0 1 1 14
Total 40 31 Val 100.0

In the subgroup of patients in whom Klebsiella pneumoniae
was found to be the etiological agent causing HAP,
identical strains were found by ETA+GA in 12 patients
(66.6%), by ETA+OS in 10 patients (55.5%), by ETA+PSB
in 4 patients (22.2%), by PSB+GA in 5 patients (27.7%) and
by PSB+0S in 4 patients (22.2%).

In case of Pseudomonas aeruginosa, identical strains were
detected by ETA+CA in 8 patients (66.6%), by ETA+OS in
8 patients (66.6%), by ETA+PSB in 4 patients (33.3%), by
PSB+GA in 2 patients (16.7%) and by PSB+0S in 2 patients
(16.7%).

In case of Burkholderia multivorans, identical strains were
found by ETA+GA in 6 patients (37.5%), by ETA+OS in
11 patients (68.7%), by ETA+PSB in 3 patients (18.7%), by
PSB+GA in no patient (0%) and by PSB+O0S in 2 patients
(12.5%), see Table 3.
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Among the 24 patients with significant bacterial patho-
gens detected in Round B (72-hour interval), 16 patients
(66.7%) were found to have bacterial pathogens isolated
from the lower respiratory tract (ETA or PSB) identical to
those detected in Round A.

The sensitivity and specificity of the sample collection
methods and their combinations are shown in Tables
4and>5.

DISCUSSION

The present study provides data comparing the validity,
sensitivity and specificity of commonly available and
technically straightforward biological sample collection
methods used to screen for HAP with PSB sampling,
a costly, time-consuming reference method requiring
more sophisticated equipment that is considered the
gold standard. ETA, OS and CA are generally believed to
have low validity, being unable to detect the etiological
agents of pneumonia with sufficient sensitivity [20]. By
contrast, PSB has been reported to have sensitivity and
specificity rates of 33-100% and 50-100%, respectively
[20, 27, 28]. This is in contrast with the present study’s
results showing that the frequency of pathogen detection
was considerably higher when samples were obtained by
ETA (93.4%) as compared with OS (59.2%), GA (56.6%) and,
in particular, PSB (35.5%). Because of the targeted nature
of PSB, contamination of samples with upper respiratory
tract microflora is almost impossible. PSB is also conside-
red a standard method for identification of lower respira-
tory tract pathogens [20]. Yet it is seldom used in routine
practice due to technical, time and financial reasons.

In addition, it should be noted that the recent literature
on ETA sets a threshold of 10° CFU/ml, which is conside-
red to be sufficiently sensitive and with the correspon-
ding specificity [29]. However, the present study was
conducted in 2013-2015 and worked with current data
that determined the threshold at 10° CFU/ml.

Table 2. Positive culture findings obtained by ETA, PSB, OS and GA sampling in Rounds A and B

ETA

PSB

B A B A :] A B

Klebsiella pneumoniae 10 5 15 4 3 7 9 3 12 9 6 15
Burkholderia multivorans 8 8 16 2 1 3 5 6 1 4 2 6
Pseudomonas aeruginosa 8 4 12 2 2 4 5 3 8 6 2 8
Staphylococcus aureus 3 1 4 3 1 4 1 0 1 1 0 1

Serratia marcescens 1 3 4 0 1 1 0 3 3 0 1 1

Proteus mirabilis 2 1 3 2 1 3 2 0 2 2 0 2
Enterococcus faecalis 2 1 3 1 0 1 2 1 3 2 1 3
Enterococcus faecium 2 1 3 0 0 0 1 1 2 2 0 2
Proteus vulgaris 1 2 3 0 1 1 1 2 3 0 0 0
Escherichia coli 2 0 2 0 0 0 2 0 2 2 0 2
Enterobacter cloacae 0 1 1 0 0 0 0 1 1 0 1 1

Stenotrophomonas maltophilia 0 0 0 0 1 1 0 0 0 0 0 0
Total 39 27 66 16 n 25 27 17 48 28 13 41

ETA - endotracheal aspiration, PSB - protected specimen brushing, OS - orotracheal swab, GA - gastric aspiration, A - Round A, B - Round B
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Table 3. Simultaneous detection of identical etiological agents causing

HAP by Round A and B sample collection (three most frequent agents)

A+B A B

Klebsiella pneumoniae (18)

Klebsiella pneumoniae (11)

Klebsiella pneumoniae (7)

ETA oS GA ETA oS GA ETA oS GA
PSB 4 4 5 PSB 3 2 3 PSB 1 2 2
ETA X 10 12 ETA X 8 8 ETA X 2 4
Pseudomonas aeruginosa (12) Pseudomonas aeruginosa (8) Pseudomonas aeruginosa (4)
ETA oS GA ETA (0N GA ETA oS GA
PSB 4 2 2 PSB 2 1 1 PSB 2 1 1
ETA X 8 8 ETA X 5 6 ETA X 3 2

Burkholderia multivorans (16)

Burkholderia multivorans (8)

Burkholderia multivorans (8)

ETA (o) GA ETA oS GA ETA (O GA
PSB 3 2 0 PSB 2 1 0 PSB 1 1 0
ETA X 1 6 ETA X 5 4 ETA X 6 2

The number of identical isolates in the individual pairs of examined clinical specimens is reported.

Table 4. Sampling method sensitivity

Sensitivity (%)

Table 5. Sampling method specificity

Specificity (%)

Sample 0s GA OS+GA | OSorGA | ETA PSB Sample 0s GA 0S+GA 0S or GA
Round A 64 67 56 76 98 31 Round A 50 55 67 38
Round B 74 42 26 81 87 32 Round B 61 36 57 29

In this context, however, it is appropriate to add that the
present study was working with a group of patients with
clinically unambiguously proved HAP, and in some pa-
tients a bacterial agent level of 10° CFU/ml was detected,
with an identical isolate present in PSB. This demon-
strates the need for a rational assessment of all clinical
and microbiological data and the clinical significance
of the indicated quantity of 10° CFU/ml. In this context,
the authors consider that this work of Czech authors
can contribute to a modified view of the evaluation of
the quantity of bacterial pathogens in HAP. It has to be
taken into consideration whether the low frequency of
pneumonia etiological agent detected by the PSB method
was not only due to the fact that the other methods used
identified the colonizing agent in supra-treshhold value.
However, if the patient fulfils criteria of HAP according
to guidelines, a positive bacterial cultivation of 106 CFU/
mlis foundin ETA, and identical bacteria are presente.g.
in gastric lavage, but PSB is negative, of course, it can be
assumed that the bacteria in ETA and GA is a colonizer.
Nevertheless, the authors believe that the more likely
explanation is simply the presence of false negativity of
PSB. And this is the main message of the work presented.
In case of the three most commonly isolated bacteria,
Klebsiella pneumoniae, Burkholderia multivorans and
Pseudomonas aeruginosa, identical pathogens were
most frequently detected by ETA+CA and ETA+OS. This
is consistent with the notion that HAP is often caused
by translocation of the patient’s primary or seconda-
ry microflora into the lower respiratory tract. Thus,
microbiological examination using OS and CA may be a
valuable complement to ETA and aid in identifying the
bacterial pathogens. In the present study, the sample
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collection methods used for screening were also selec-
ted based on the assumption that pathogens causing
HAP originate from the patient’s bacterial (in particular
secondary) microflora [2]. However, there is no consis-
tency as to whether the transmission is via the upper
respiratory tract or from the gastrointestinal tract [30].
The present results suggest that for clinical practice, ETA
isanideal screening method for detecting the etiological
agents causing HAP. Assuming that PSB is a standard
approach in the diagnosis of HAP and ETA is a screening
test, the sensitivity and specificity of ETA were 92% and
41%, respectively. The positive and negative predictive
values were 29% and 95%, respectively. When comparing
the ETA and PSB results with clinical signs (all patients
clearly suffered from bacterial lung disease), the sensiti-
vity rates were 66% for ETA and only 17% for PSB.

The methods for biological sample collection may be
classified into non-targeted, or blind, and targeted, or
bronchoscopy-guided. Both targeted and non-targeted
sampling may be carried out in a protected manner to re-
duce the risk of contamination. In clinical practice, bac-
terial pathogens causing HAP are routinely isolated and
identified using non-targeted sample collection, with
sensitivity and specificity rates of 38-87% and 31-92%, re-
spectively, for ETA and 58-96% and 71-100%, respectively,
for blind PSB [21]. In non-ventilated patients, the most
common technique is sputum sampling. However, its
validity is severely compromised by a drawback common
to all non-targeted types of sampling, that is, potential
contamination of samples by bacteria that primarily or
secondarily colonize the upper respiratory tract, resulting
in potential false-positive findings. Although clinical
practice guidelines recommend a blood culture in febrile



patients with signs of pneumonia, the sensitivity of this
test is low given the etiological agents causing HAP [31].
Apart from ETA, other non-targeted techniques are used
to obtain samples from the lower respiratory tract, such
as blind bronchial suction, blind bronchoalveolar lavage
(BAL), blind PSB, blind protected BAL (pBAL), miniBAL
or a blind plugged telescopic catheter (PTC). However,
these sample collection techniques are rarely routinely
used in intubated patients, the only exception being
ETA. According to some authors, the yields of non-bron-
choscopic and bronchoscopic methods are comparable
[32, 33], even though bronchoscopic methods are asso-
ciated with higher quantities of microbiology examina-
tions. The concordance between non-bronchoscopic and
bronchoscopic methods is approximately 80%. A certain
proportion of non-bronchoscopic examinations yields
false negative results, especially in left lung involvement
[34]. However, the present study failed to confirm this
as well as conclusions from a study by Chastre et al.,
stating that bronchoscopic methods are able to iden-
tify 80% of all bacteria in the lungs with considerable
correlation with lung tissue biopsy [34]. Consistently
with the present study, other studies questioned the
usefulness of targeted sample collection since results of
PSB sampling from the site of infiltration as shown by
radiography and simultaneous blind PSB sampling from
the contralateral lung were identical in 53% of cases [35].
Another study showed that results of repeated BAL from
the same lung region were identical in 75% of cases [36].
Similarly, targeted diagnostic sample collection other
than PSB, namely bronchoscopy-guided BAL, pBAL and
PTC, are not routinely used in clinical practice. Moreover,
bronchoscopy-guided methods place more stress on pa-
tients and may not even provide clear results [37]. A 2005
meta-analysis failed to show the effect of bronchoscopic
methods on reduced mortality [21].

The main limitation of the present study is a relatively
small group of patients. Despite their best efforts, the
investigators failed to include all consecutive patients
meeting the above criteria during the study period. This
was due to the fact that bronchoscopy was less accessible
outside normal working hours and on the weekend. On
the other hand, the fact that PSB sample collection was
exclusively performed by experienced bronchoscopists
routinely using the method considerably reduced the
chance for erroneous sampling and thus false negative re-
sults. The group comprised a relatively high proportion of
patients with no bacterial pathogen detected in sufficient
quantity in any of their samples. The explanation may be
that either the tests were performed at the time of early
infection with a low number of bacteria or the pathogen
had been eradicated by early adequate initial antibiotic
therapy administered prior to randomization of the pa-
tient. Other reasons may be ETA sample collection from
the unaffected lung region, irregular distribution of the
pathogen in secretions from the lower respiratory tract
or low amounts of material obtained by PSB.

A considerable proportion of GA and OS samples were
culture-positive even in patients with negative ETA or
PSB findings. Although the positive findings suggested a
potential agent causing pneumonia in patients showing
clinical signs of lung inflammation, these isolates could
not be classified as HAP pathogens. The results add to
the discussion about whether it is useful and sensible
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to consider possible positive culture findings in OS and
GCA samples in the diagnosis of HAP pathogens if the
patient shows clinical signs of lung infection while the
pathogen was not detected in PSB or ETA samples or these
samples could not be collected in the patient without
airway management. As seen from the study results,
such considerations are supported by the high proportion
of identical ETA/PSB and OS/CA findings.

Another limitation of the study is that the previous
antibiotic therapy was not evaluated.

CONCLUSION

The study shows that blind endotracheal aspiration
appears to be an optimum method for obtaining bio-
logical samples for identification of etiological agents
causing HAP in intubated patients. The approach is
not only technically feasible and easy to use in clinical
practice but also sensitive enough. Microbial etiological
agents causing HAP were more frequently detected in
ETA samples than in those collected by PSB. If the results
are ambiguous or negative, samples may be collected by
oropharyngeal swabs and/or gastric aspiration as these
techniques followed ETA in terms of the frequency of
pathogen detection. Of the four types of biological sam-
ple collection compared in the study, PSB was the least
successful in detecting HAP pathogens.
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