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Abstract

Introduction: Biofilm in endotracheal tubes (ETT) of ventilated patients has been suggested to play a role in the
development of ventilator-associated pneumonia (VAP). Our purpose was to analyze the formation of ETT biofilm
and its implication in the response and relapse of VAP.

Methods: We performed a prospective, observational study in a medical intensive care unit. Patients mechanically
ventilated for more than 24 hours were consecutively included. We obtained surveillance endotracheal aspirates
(ETA) twice weekly and, at extubation, ETTs were processed for microbiological assessment and scanning electron
microscopy.

Results: Eighty-seven percent of the patients were colonized based on ETA cultures. Biofilm was found in 95% of
the ETTs. In 56% of the cases, the same microorganism grew in ETA and biofilm. In both samples the most
frequent bacteria isolated were Acinetobacter baumannii and Pseudomonas aeruginosa. Nineteen percent of the
patients developed VAP (N = 14), and etiology was predicted by ETA in 100% of the cases. Despite appropriate
antibiotic treatment, bacteria involved in VAP were found in biofilm (50%). In this situation, microbial persistence
and impaired response to treatment (treatment failure and relapse) were more frequent (100% vs 29%, P = 0.021;
57% vs 14%, P = 0.133).

Conclusions: Airway bacterial colonization and biofilm formation on ETTs are early and frequent events in
ventilated patients. There is microbiological continuity between airway colonization, biofilm formation and VAP
development. Biofilm stands as a pathogenic mechanism for microbial persistence, and impaired response to
treatment in VAP.

Introduction
The presence of an endotracheal tube (ETT) in venti-
lated patients impairs mucocilliary clearance and dis-
rupts the cough reflex, thus promoting the
accumulation of tracheobronchial secretions and
increasing the risk of pneumonia [1]. In addition, the
insertion of an ETT could produce injury and inoculate
endogenous oropharyngeal bacteria in the low airway
tract [2]. Finally, formation of biofilm on the surface of
ETT is an almost universal phenomenon and it has

been related to the pathogenesis of ventilator-associated
pneumonia (VAP). Hence, due to the role of ETTs in
the pathophysiological development of VAP, some
authors suggest that it should be renamed ETT-asso-
ciated pneumonia [3].
Microorganisms attach to synthetic surfaces, multiply

and develop biofilms characterized by the generation of
an extracellular polymeric substance or matrix that has
been well documented with scanning electron micro-
scopy (SEM) studies [4-7]. Biofilms have great impor-
tance for public health because of their role in certain
infectious diseases and their role in a variety of device-
related infections [8-14]. In those device-related infec-
tions, biofilms have been also involved in bacterial
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antibiotic resistance that depends on multicellular stra-
tegies [15,16]. This resistance implies, in most of the
cases, the necessity of device withdrawal in order to
achieve clinical and microbiological cure.
Bacterial biofilm has been observed universally on the

surface of endotracheal tubes in mechanically ventilated
patients [17-20]. Some data show a good concordance
between bacterial colonization of the airway and micro-
bial findings in the biofilm [19]. Even the same microor-
ganisms causing VAP could be found in the ETT
biofilm leading to the potential implication of biofilm in
the genesis of VAP [19,21-23]. In fact, a recent study
has demonstrated the efficacy of a novel silver-coated
ETT in decreasing the incidence of microbiologically
confirmed VAP [24], although no statistically significant
between-group differences were observed in duration of
intubation, intensive care unit stay, and hospital stay or
mortality.
Microbial persistence in respiratory airways of patho-

gens implicated in VAP, even with an appropriate anti-
biotic therapy, has been related to the lack of response
to treatment and to the relapse of VAP [25,26]. Bacterial
survival in ETT biofilm can promote VAP microbial
persistence and consequently affect patient prognosis.
However, no attempt has been performed in order to
assess the relationship among biofilm, microbial persis-
tence and outcome of the VAP episode.
The main purpose of the current investigation was to

investigate the involvement of ETT biofilm in VAP
pathogenesis, response to treatment and relapse. Simul-
taneously, we assessed more precisely the sequence of
airway bacterial colonization and the prevalence of ETT
biofilm in mechanically ventilated patients.

Materials and methods
Patient data
In a seven-month period, we prospectively recruited in
our study all the patients consecutively admitted to our
Medical Intensive Care Unit that required mechanical
ventilation for at least 24 hours. We did not include the
same patient in case of re-intubation. The protocol was
reviewed and approved by the Institutional Review
Board, and the patients (or their relatives) provided
informed consent to participate in the study. The written
consent included the permission to collect and publish
(anonymously) personal data concerning the patients.
The following data were recorded in a standardized

form: age and sex of the patient, Acute Physiology and
Chronic Health Evaluation (APACHE) II score [27],
cause of mechanical ventilation, duration of ventilation,
maneuvers to prevent VAP, the occurrence or not of
nosocomial pneumonia, together with data of pathogen
isolated in respiratory samples and/or ETT biofilm, anti-
biotic therapy and sensitivity patterns.

Maneuvers to prevent VAP, such as elevation of the
head of the bed and subglottic aspiration, were per-
formed in all our patients. Selective digestive decontami-
nation protocol consisted of intravenous cefotaxime 1 g/
8 h for three days plus nasogastric administration of 0.5
g of 2% antibiotic gel with 100 mg polymyxin E+ 80 mg
tobramycin + 500 mg amphotericin B every 6 h while
duration of mechanical ventilation.

Definitions
VAP was defined as previously reported [28]. The diag-
nosis of VAP in our study was: a) clinical: new or pro-
gressive lobar infiltrates > 48 hours after intubation,
and two or more of the following minor criteria (fever,
leukocytosis/leukopenia, and purulent respiratory
secretions) and was microbiologically confirmed [29].
Microbiology of VAP was determined by mini-bron-
chial-alveolar lavage (miniBAL) obtained after clinical
suspicion and confirmed VAP when yielded > 1,000
UFC/ml. Empirical therapy and the management of
patients were based in ATS/IDSA guidelines [30]. We
considered as early-onset VAP those episodes that
were initiated four days or less upon intubation
[31-33]. Appropriate antimicrobial therapy was defined
as coverage of all pathogens isolated by the antimicro-
bial therapy administered at the onset of VAP deter-
mined by the sensitivity pattern in the anti-biogram
[34].
Microbial persistence was defined as the persistence of

the causative microorganism of the VAP episode in at
least two successive respiratory samples, despite 72
hours of proper antibiotic therapy irrespective of colony
counts [35].
VAP relapse was defined as reported [25]: (a) occur-

rence at least 72 h after clinical resolution; (b) positive
bronchoscopic quantitative culture for previously iso-
lated strain; (c) evidence for a new infiltrate on the
chest X-ray; (d) two of the following: fever > 38°C;
white blood cell (WBC) count > 10,000/mm3; or puru-
lent respiratory secretions; and (e) absence of evidence
of a new extrapulmonary source of infection. The defi-
nition of treatment failure included at least one of the
following 72 hours after the initiation of treatment: (a)
failure to improve the PaO2/FiO2 ratio or need of
intubation because of pneumonia; (b) persistence of
fever (> 38°C) or hypothermia (< 35°C) and purulent
respiratory secretions; (c) worsening of pulmonary
infiltrates (> 50%); (d) occurrence of septic shock or
multiple organ dysfunction not present at the onset of
pneumonia [25,36,37].
Clinical resolution was defined as stated elsewhere

[38]: including: (1) röentgenographic improvement, (2)
normothermia, (3) WBC ≥3,000/mm3 or WBC ≤12,000/
mm3, (4) completion of a course of antibiotic therapy.
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Respiratory samples
We performed surveillance sampling of endotracheal
aspirates (ETA) at the time of intubation and twice a
week with analysis in the Microbiology laboratory. If
VAP was suspected, we obtained a mini-bronchial-alveo-
lar lavage (miniBAL) before antibiotic administration
(when possible) that was quantitatively cultured.

Processing of ETT
After extubation (due to clinical improvement, change
in the ETT for technical reasons, or death), we collected
the ETTs, avoiding contamination other than from oro-
pharyngeal flora. After rinsing with sterile saline buffer
to eliminate the excess mucus, a 1-cm-long cross-sec-
tional segment of the distal ETT (27 to 28 cm from the
ETT connector piece) [39] was divided into two por-
tions for both electron microscopy and bacterial cul-
tures. Biofilm was scraped from the inner surface of the
ETT and homogenized by vortex mixing, being cultured
using standard techniques. For scanning electron micro-
scopy (SEM), the section of the ETT was fixed in a mix-
ture of 4% paraformaldehyde-2,5% glutaraldehyde in 0,1
M phosphate buffer, for one hour at room temperature.
Samples were washed and dehydrated with crescent
ethanol concentrations, dried with liquid CO2, sputter-
coated, and examined under a Hitachi (S-4100) micro-
scope (Tokyo, Japan) (SCSIE-University of Valencia,
Spain). We then analyzed low magnification images
(1,000×) to quantify biofilm extension, and high magnifi-
cation images (15,000×) to identify attached
microorganisms.

Statistical analyzes
Results were expressed as mean ± SEM, or median
(interquartile range) for continuous variables and the
number (percentage) for dichotomous variables. Risk
factors for biofilm formation and VAP outcomes were
analyzed by univariate analysis, using the chi-square
test/ANOVA for dichotomous variables and the Mann-
Whitney U test for continuous variables. All statistical
tests were two-tailed, and P < 0.05 was considered sig-
nificant. We performed all analyses using the SPSS 16.0
(SPSS Inc, Chicago, IL, USA).

Results
During the study period we collected data from 81
patients that required invasive mechanical ventilation.
We finally included in our analysis 75 patients. Missed
patients occurred due to two reasons: a) loss of the ETT
after extubation (n = 2) and b) biofilm deterioration
during fixation protocol (n = 4). The clinical features of
these patients, as well as the reasons for mechanical
ventilation are shown in Table 1.

Surveillance cultures
Bacterial growth in surveillance cultures was documen-
ted in 65 patients (87%). From the total ETA sampled
(n = 252), 151 (60%) grew positive for microorganisms
(most polymicrobial). The mean time from intubation to
positivity of surveillance cultures was 2.1 ± 0.4 days. As
regards bacterial growth, Acinetobacter baumannii grew
in 20 patients (32%), Pseudomonas aeruginosa grew in
14 patients (22%) (all A. baumannii and P. aeruginosa
were multidrug-resistant strains). Coagulase-negative
staphylococcus (CNS) was isolated in 13 (20%), and 10
patients (15%) had positivity for Staphylococcus aureus
(including both resistant and susceptible strains to
methicilin). Candida albicans was isolated in 29 patients
(45%), while other species of Candida grew in 17
patients (26%) (Table 2).

Biofilm formation
Biofilm was present in 71 (95%) ETTs. The extension
and morphology of biofilm was variable, from ETTs
with scarce biofilm (13, 18%), with dispersed clusters
(26, 37%) or with confluent abundant biofilm matrices
extended in the inner surface of the tubes (29, 41%) as
depicted in Figure 1. Presence of biofilm was noted
from as early as 24 hours after intubation, being discov-
ered incipient patches of biofilm in ETTs (9, 13%). Iden-
tifiable microorganisms occasionally remained on the
surface of the biofilm (Figure 2). Biofilm formation was
not associated with the duration of stay of the ETT,
administration of selective digestive decontamination
(SDD), systemic antibiotics or immunosuppression.
Seventy-three (97%) ETTs were microbiologically

assessed, and bacterial growth was documented in 60 of
them (83%). The most frequent isolations were A. bau-
mannii (17, 28%), P. aeruginosa (14, 23%), and CNS (13,
22%). C. albicans was isolated in six ETTs (10%) and C.
glabrata in one patient (2%). We then compared

Table 1 Baseline characteristics of patients

Variablea n = 81

APACHE II, mean ± SEM 21 ± 0.7

Age, mean ± SEM 59 ± 1.8

Gender female, N/% 27/33%

Previous immunosuppressionb, N/% 19/24%

Previous antibiotics, N/% 62/77%

SDD, N/% 30/37%

Diabetes mellitus, N/% 19/24%

Causes of intubation

- Acute respiratory failure, N/% 31/38%

- Acute heart failure, N/% 10/12%

- Coma GCS < 7 to 8, N/% 40/49%
a Indicates status at time of intubation b Active onco-hematologic disease,
solid organ transplantation, hematopoietic stem cell transplantation
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cultures of the last ETA obtained before extubation and
ETT biofilm. From the previously colonized patients (n
= 65), the same microorganisms could be found in the
ETT biofilm in 36 patients (56%). If we only considered
those patients colonized by A. baumannii and P. aerugi-
nosa, the percentage of concordance achieved 69%. Mis-
match between ETA and biofilm (n = 37) was due to
the absence of microbial isolation in the ETT in 10
cases (27%). In those patients with different pathogens
in ETA and ETT, the most frequently involved microor-
ganisms were Candida spp. (22 of the 27 cases). From
the 46 patients colonized by Candida spp., only in 7
cases, Candida could be found in the ETT biofilm.

Ventilator-associated pneumonia
Fourteen (19%) patients developed 17 episodes of VAP
during their stay in ICU (including a 2nd episode of

VAP and 2 relapses). We only analyzed the first episode
of VAP in every patient (n = 14). Early-onset pneumonia
(≤4 days of intubation) (n = 3) was caused by Haemo-
philus influenzae, Enterobacter cloacae and Streptococcus
spp. Microorganisms involved in late-onset pneumonia
(n = 11) were A. baumannii (6, 54%), P. aeruginosa (3,
27%), methicilin-resistant Staphylococcus aureus (1, 9%),
and CNS (1, 9%) (Table 3). Days of intubation (P =
0.05) and previous airway colonization by P. aeurginosa
and A. baumannii (odds ratio (OR), 10.2; 95% CI, 2.11
to 49.3, P = 0.005 and OR: 4.9, 1.18 to 20.3; P = 0.03
respectively) were associated with the development of
late-onset VAP. Age, gender, APACHE II score at
admission, immunosuppression, diabetes, cause of ICU
admission, cause of intubation, antibiotic treatment pre-
vious to intubation or biofilm extension on ETT did not
influence VAP development.

Table 2 Bacterial isolation in surveillance endotracheal aspirates

Microorganism ETA n, % Days until ETA+ (mean ± SEM) ETA-ETT match
(n, %)

Colonized patients 65, 87% 2.1 ± 0.4 36, 56%

Acinetobacter baumannii 20, 32% 7.8 ± 1.6 12, 60%

Pseudomonas aeruginosa 14, 22% 5.4 ± 2.1 9, 64%

Cocci (SCN, Streptococcus spp) 13, 20% 5 ± 0.9 4, 31%

Staphylococcus aureus (MSSA,MRSA) 10, 15% 2.2 ± 0.6 6, 60%

Candida albicans 29, 45% 2 ± 0.6 6, 21%

Candida no albicans 17, 26% 3.2 ± 0.5 1, 6%

Figure 1 Scanning electron microscopy micrographs of biofilm in the endotracheal tubes. Biofilm at low magnification is composed of a
matrix that attaches on the surface of the ETT. Scale bar: 2 μm.

Gil-Perotin et al. Critical Care 2012, 16:R93
http://ccforum.com/content/16/3/R93

Page 4 of 8



In all cases (n = 14), the surveillance ETA cultures
predicted the etiology and antibiotic sensibility patterns
in both early and late onset VAP, even 15 days before
the VAP onset (median of 5 days [4-11]). Appropriate
antibiotic therapy was prescribed in 13 cases (93%). In
50% of the cases (n = 7) the bacteria involved in VAP
survived to an adequate antibiotic treatment and could
be found in ETT biofilm (this percentage raised to 70%
when A. baumannii and P. aeruginosa were the causal
microorganisms in VAP).

Relationship between biofilm, microbial persistence, non-
responders and VAP relapse
Microbial persistence was detected in 9 (64%) patients
with VAP. The bacteria most frequently implicated in
microbial persistence were A. baumannii and P. aerugi-
nosa (seven of the nine cases). Bacterial survival on bio-
film was associated to microbial persistence (100% vs
29%; P = 0.021).
Treatment failure occurred in five patients (36%) and

two patients (14%) had a VAP relapse (both relapse epi-
sodes occurred in already non-responding patients). All
treatment failure and relapse episodes were related to A.
baumannii and P. aeruginosa. Although not statistically
significant, treatment failure was more frequent (57% vs
14%; P = 0.133) when the causal bacteria remained in
ETT biofilm despite appropriate treatment (Figure 3).

Discussion
The main findings of our study are the high prevalence
of biofilm in ETT from mechanically ventilated patients,
the microbial link between airway colonization, biofilm

formation and VAP development, and the potential
implication of bacterial survival on biofilm in VAP
outcome.
Other authors have previously shown a high preva-

lence of biofilm on ETT, even at short permanence
times [19]. We confirmed these results and were able to
assess these observations in the case of multi-resistant
gram-negative bacteria. A. baumannii and P. aeruginosa
were the most prevalent bacteria in our study. P. aerugi-
nosa has been involved in chronic respiratory infections
and biofilm formation seems to be an important patho-
genic factor in these patients. Likewise, environmental
resistances of A. baumannii strains seem to be directly
related to its capacity to form biofilm, as has been
recently shown [37]. To the knowledge of the authors,
this is the first time that biofilm formation by A. bau-
mannii has been widely analyzed in ETT from mechani-
cally ventilated patients. Duration of ventilation or the
use of local or systemic antibiotics seemed to not influ-
ence biofilm formation in our study. Similar to us, Adair
et al. found that selective digestive decontamination was
ineffective in preventing biofilm formation on ETTs
[40]. Other potential preventive measures, such as
inhaled antibiotics or the use of special biomaterials on
ETTs, were not fulfilled in this study [39,41].
Airway colonization by nosocomial bacteria is a com-

mon phenomenon and many investigations recognize a
direct relationship between colonization and nosocomial
pneumonia [42]. A total of 87% of our patients were
colonized, most frequently by A. baumannii and P. aer-
uginosa (45%). In more than half of the patients (56%),
the same bacteria could be found in ETA and ETT

Figure 2 Identification of microorganisms on the surface of biofilm. In certain cases we could identify microorganisms immersed in the
biofilm matrix. A) Cocci, scale bar: 2 μm, B-D) Bacilli, scale bar: 4 μm, 2 μm and 5 μm, respectively, and E) yeast. Scale bar: 10 μm.
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biofilm, 69% in the case of Gram-negative bacteria. Mis-
match between ETA and ETT biofilm (different bac-
teria) was mainly due to Candida spp. isolation in ETA,
and not in ETT. Preference of Candida spp. attaching
mucosa rather than prosthesis has been shown in pre-
vious studies [43].
Despite the high prevalence of airway colonization and

biofilm on ETT, only 14 patients developed pneumonia
in our study group. Therefore, biofilm formation and
airway colonization were necessary but not sufficient for
VAP development. Among the known VAP risk factors,
we found that days of mechanical ventilation and airway
colonization by A. baumannii and P. aeruginosa
increased the risk for late onset VAP [44,45]. In

accordance with some of the studies performed on this
topic, we found a high concordance between bacteria
colonizing the airway and subsequently causing VAP
[46-50].
Antibiotic resistance of bacteria embedded on biofilm

has been studied with regard to difficult-to-treat device-
related infections [12]. Because of bacterial survival,
most of the current guidelines recommend device with-
drawal when possible [51]. Treatment failure in VAP
can occur despite the absence of an identifiable cause,
that is, inappropriate treatment, concomitant infection,
superinfection or non-infectious causes [37]. As in other
device-related infections, bacterial survival on ETT bio-
film could explain this lack of response to antibiotic
treatment. In our study, bacteria causing VAP could be
found in ETT biofilm in half of the cases, despite an
appropriate antibiotic treatment. Even when our sample
size prevents us from achieving forceful conclusions, we
have observed a worse outcome of the VAP episode in
those ETTs acting as a bacterial reservoir. Although
more studies should prove our findings, it seems reason-
able to hypothesize the potential benefit of a biofilm
directed intervention in the setting of a VAP episode.
Even when our sample is one of the largest in the lit-

erature concerning biofilm formation on ETTs, the low
number of patients with VAP is inadequate to achieve
statistical forcefulness. However, the relationship
between bacterial persistence and worse outcomes in
VAP is stated, and becomes a relevant and novel asso-
ciation. We could describe in great detail the presence
and characteristics of biofilm in ETT from mechanically
ventilated patients but some of the interesting associa-
tions with VAP outcome observed need to be confirmed
in future studies. Another potential limitation of our
study is the use of qualitative surveillance cultures. The

Figure 3 Relationship between biofilm, microbial persistence
and treatment failure. Bar graph representative of the percentage
of cases in which there was (gray) or not (black) bacterial survival
on ETT biofilm despite appropriate treatment. Microbial persistence
in respiratory samples and treatment failure were more frequent
when bacterial growth was documented in ETT.

Table 3 Ventilator-associated pneumonia aetiology, microbial persistence, and treatment failure

Patient Causal pathogen Early onset Bacterial survival on ETT Appropriate treatment Persistence Non-response Relapse

5 CNS No No Yes Yes No No

9 A. baumanniia No Yes Yes Yes Yes No

10 Streptococcus spp. Yes No Yes No No No

41 A. baumannii No No Yes No No No

48 MRSA No Yes Yes Yes No No

50 P. aeruginosa No Yes Yes Yes Yes Yes

51 E. cloacae Yes No Yes No No No

63 A. baumannii No No Yes Yes Yes No

67 H. influenzae Yes No Yes No No No

76 P.aeruginosa No No Yes No No No

80 A. baumannii No Yes Yes Yes No No

81 P. aeruginosa No Yes No Yes No No

83 A. baumannii No Yes Yes Yes Yes No

91 A. baumannii No Yes Yes Yes Yes Yes
a P. aeruginosa nosocomial pneumonia as cause of ICU admission

Gil-Perotin et al. Critical Care 2012, 16:R93
http://ccforum.com/content/16/3/R93

Page 6 of 8



value of qualitative versus quantitative ETA in order to
study airway colonization is a topic for discussion. The
studies regarding this subject show heterogeneous
results. While some authors argue against the diagnostic
value of qualitative ETA due to oropharyngeal and high
airway contamination, they could not prove a better
diagnostic performance with quantitative ETA [52]. A
work by Aydogdu et al. showed an advantage of qualita-
tive compared to quantitative surveillance ETA in pre-
dicting VAP aetiology [53]. Even more, the necessity of
quantitative cultures has been recently questioned. Nie-
derman et al. identified methodological limitations of
quantitative cultures that could cause both false-positive
and false-negative results. According to this review,
accuracy of clinical scores associated with Gram stain of
lower respiratory tract secretions were not improved by
the use of quantitative cultures [54].

Conclusions
In summary, our study supports the idea of a dynamic
relationship among airway colonization, biofilm and
VAP development. The idea of bacterial survival on
ETT biofilm as a pathogenic mechanism for microbial
persistence and impaired response to antibiotic therapy
highlights the importance of discovering new strategies
focused in the removal of biofilm from the ETT.

Key messages
• Biofilm is a frequent and precocious finding in
mechanically-ventilated patients
• A high percentage of patients have their airway
colonized based on ETA surveillance cultures,
mostly by A. baumanii and P. aeruginosa.
• VAP etiology was predicted by ETA in all cases
with a median of five days between the first positive
ETA and VAP occurrence.
• Microbial persistence and impaired response to
treatment (treatment failure and relapse) were more
frequent when multidrug-resistant microorganisms
were present in ETT biofilm.
• Biofilm stands as a pathogenic mechanism for
microbial persistence and impaired response to
treatment in VAP.

Abbreviations
APACHE II: Acute Physiology and Chronic Health Evaluation II; CNS:
coagulase-negative staphylococcus; ETA: endotracheal aspirates; ETT:
endotracheal tube; ICU: intensive care unit; miniBAL: mini bronchial-alveolar
lavage; SDD: selective digestive decontamination; SEM: scanning electron
microscopy; VAP: ventilator-associated pneumonia; WBC: white blood cell.

Acknowledgements
The writers are indebted to E. Navarro Raga, P. Gómez Garcia and M.T.
Mínguez Hernández from the SCSIE Electron Microscopy Unit at the
University of Valencia for their useful technical help, and M. Palomo Navarro
for assistance with sample collection. Ramirez P and Menendez R are

members of the Centro de Investigación en Red-Enfermedades Respiratorias
(CibeRes CB06/06/0028). This study has been supported primarily by a grant
in Biotechnology from the Instituto de Salud Carlos III (grant number: PI07/
90828)

Author details
1Servicio de Medicina Intensiva, Hospital Universitario y Politécnico La Fe,
Bulevar Sur s/n, 46026, Valencia, Spain. 2Servicio de Microbiología, Hospital
Universitario y Politécnico La Fe, Bulevar Sur s/n, 46026, Valencia, Spain.
3Servicio de Neumología, Hospital Universitario y Politécnico La Fe, Bulevar
Sur s/n, 46026, Valencia, Spain.

Authors’ contributions
SGP and PR conceived and designed the study, carried out the processing
of the ETT for electron microscopy, observed the biofilm in the microscope,
performed the statistical analysis, and drafted the manuscript. VM and IC
helped with sample collection and with processing the ETT. JMS and EG
performed microbiological analysis of the respiratory samples and ETT
biofilm. RM and JM helped with the design and coordination of the study
and with drafting the manuscript. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 18 January 2012 Revised: 9 March 2012
Accepted: 23 May 2012 Published: 23 May 2012

References
1. Craven DE, Steger KA: Epidemiology of nosocomial pneumonia. New

perspectives on an old disease. Chest 1995, 108:1S-16S.
2. Rello J, Sonora R, Jubert P, Artigas A, Rue M, Valles J: Pneumonia in

intubated patients: role of respiratory airway care. Am J Respir Crit Care
Med 1996, 154:111-115.

3. Pneumatikos IA, Dragoumanis CK, Bouros DE: Ventilator-associated
pneumonia or endotracheal tube-associated pneumonia? An approach
to the pathogenesis and preventive strategies emphasizing the
importance of endotracheal tube. Anesthesiology 2009, 110:673-680.

4. Costerton JW: Introduction to biofilm. Int J Antimicrob Agents 1999,
11:217-221, discussion 237-239.

5. Donlan RM: Biofilms: microbial life on surfaces. Emerg Infect Dis 2002,
8:881-890.

6. Costerton JW, Geesey GG, Cheng KJ: How bacteria stick. Sci Am 1978,
238:86-95.

7. Jones HC, Roth IL, Sanders WM: Electron microscopic study of a slime
layer. J Bacteriol 1969, 99:316-325.

8. Donlan RM, Costerton JW: Biofilms: survival mechanisms of clinically
relevant microorganisms. Clin Microbiol Rev 2002, 15:167-193.

9. Raad I: Intravascular-catheter-related infections. Lancet 1998, 351:893-898.
10. Nickel JC, Costerton JW, McLean RJ, Olson M: Bacterial biofilms: influence

on the pathogenesis, diagnosis and treatment of urinary tract infections.
J Antimicrob Chemother 1994, 33(Suppl A):31-41.

11. Donlan RM: Biofilms and device-associated infections. Emerg Infect Dis
2001, 7:277-281.

12. Costerton JW, Stewart PS, Greenberg EP: Bacterial biofilms: a common
cause of persistent infections. Science 1999, 284:1318-1322.

13. Donlan RM: New approaches for the characterization of prosthetic joint
biofilms. Clin Orthop Relat Res 2005, 12-19.

14. Khardori N, Yassien M: Biofilms in device-related infections. J Ind Microbiol
1995, 15:141-147.

15. Donlan RM: Role of biofilms in antimicrobial resistance. Asaio J 2000, 46:
S47-52.

16. Stewart PS, Costerton JW: Antibiotic resistance of bacteria in biofilms.
Lancet 2001, 358:135-138.

17. Larson E: Bacterial colonization of tracheal tubes of patients in a surgical
intensive care unit. Nurs Res 1970, 19:122-128.

18. Inglis TJ, Millar MR, Jones JG, Robinson DA: Tracheal tube biofilm as a
source of bacterial colonization of the lung. J Clin Microbiol 1989,
27:2014-2018.

19. Feldman C, Kassel M, Cantrell J, Kaka S, Morar R, Goolam Mahomed A,
Philips JI: The presence and sequence of endotracheal tube colonization

Gil-Perotin et al. Critical Care 2012, 16:R93
http://ccforum.com/content/16/3/R93

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/7634921?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7634921?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8680665?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8680665?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19212256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19212256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19212256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19212256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10394973?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12194761?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/635520?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5802613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5802613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11932229?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11932229?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9525387?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7928835?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7928835?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11294723?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10334980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10334980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8519469?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11110294?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11463434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4190854?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4190854?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2778064?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2778064?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10232424?dopt=Abstract


in patients undergoing mechanical ventilation. Eur Respir J 1999,
13:546-551.

20. Zur KB, Mandell DL, Gordon RE, Holzman I, Rothschild MA: Electron
microscopic analysis of biofilm on endotracheal tubes removed from
intubated neonates. Otolaryngol Head Neck Surg 2004, 130:407-414.

21. Sottile FD, Marrie TJ, Prough DS, Hobgood CD, Gower DJ, Webb LX,
Costerton JW, Gristina AG: Nosocomial pulmonary infection: possible
etiologic significance of bacterial adhesion to endotracheal tubes. Crit
Care Med 1986, 14:265-270.

22. van Saene HK, Damjanovic V, Williets T, Mostafa SM, Fox MA, Petros AJ:
Pathogenesis of ventilator-associated pneumonia: is the contribution of
biofilm clinically significant? J Hosp Infect 1998, 38:231-235.

23. Adair CG, Gorman SP, Feron BM, Byers LM, Jones DS, Goldsmith CE,
Moore JE, Kerr JR, Curran MD, Hogg G, Webb CH, McCarthy GJ, Milligan KR:
Implications of endotracheal tube biofilm for ventilator-associated
pneumonia. Intensive Care Med 1999, 25:1072-1076.

24. Kollef MH, Afessa B, Anzueto A, Veremakis C, Kerr KM, Margolis BD,
Craven DE, Roberts PR, Arroliga AC, Hubmayr RD, Restrepo MI, Auger WR,
Schinner R, NASCENT Investigation Group: Silver-coated endotracheal
tubes and incidence of ventilator-associated pneumonia: the NASCENT
randomized trial. JAMA 2008, 300:805-813.

25. Rello J, Mariscal D, March F, Jubert P, Sanchez F, Valles J, Coll P: Recurrent
Pseudomonas aeruginosa pneumonia in ventilated patients: relapse or
reinfection? Am J Respir Crit Care Med 1998, 157:912-916.

26. Bauer TT, Torres A, Ferrer R, Heyer CM, Schultze-Werninghaus G, Rasche K:
Biofilm formation in endotracheal tubes. Association between
pneumonia and the persistence of pathogens. Monaldi Arch Chest Dis
2002, 57:84-87.

27. Knaus WA, Draper EA, Wagner DP, Zimmerman JE: APACHE II: a severity of
disease classification system. Crit Care Med 1985, 13:818-829.

28. Rello J, Gallego M, Mariscal D, Sonora R, Valles J: The value of routine
microbial investigation in ventilator-associated pneumonia. Am J Respir
Crit Care Med 1997, 15:196-200.

29. Torres A, Martos A, Puig de la Bellacasa J, Ferrer M, el-Ebiary M, Gonzalez J,
Gene A, Rodriguez-Roisin R: Specificity of endotracheal aspiration,
protected specimen brush, and bronchoalveolar lavage in mechanically
ventilated patients. Am Rev Respir Dis 1993, 147:952-957.

30. Guidelines for the management of adults with hospital-acquired,
ventilator-associated, and healthcare-associated pneumonia. Am J Respir
Crit Care Med 2005, 171:388-416.

31. Chastre J, Fagon JY: Ventilator-associated pneumonia. Am J Respir Crit Care
Med 2002, 165:867-903.

32. Langer M, Cigada M, Mandelli M, Mosconi P, Tognoni G: Early onset
pneumonia: a multicenter study in intensive care units. Intensive Care
Med 1987, 13:342-346.

33. Rello J, Diaz E: Pneumonia in the intensive care unit. Crit Care Med 2003,
31:2544-2551.

34. Luna CM, Aruj P, Niederman MS, Garzon J, Violi D, Prignoni A, Rios F,
Baquero S, Gando S: Appropriateness and delay to initiate therapy in
ventilator-associated pneumonia. Eur Respir J 2006, 27:158-164.

35. Visscher S, Schurink CA, Melsen WG, Lucas PJ, Bonten MJ: Effects of
systemic antibiotic therapy on bacterial persistence in the respiratory
tract of mechanically ventilated patients. Intensive Care Med 2008,
34:692-699.

36. Chastre J, Wolff M, Fagon JY, Chevret S, Thomas F, Wermert D, Clementi E,
Gonzalez J, Jusserand D, Asfar P, Perrin D, Fieux F, Aubas S, PneumA Trial
Group: Comparison of 8 vs 15 days of antibiotic therapy for ventilator-
associated pneumonia in adults: a randomized trial. JAMA 2003,
290:2588-2598.

37. Ioanas M, Ferrer M, Cavalcanti M, Ferrer R, Ewig S, Filella X, de la
Bellacasa JP, Torres A: Causes and predictors of nonresponse to
treatment of intensive care unit-acquired pneumonia. Crit Care Med 2004,
32:938-945.

38. Silver DR, Cohen IL, Weinberg PF: Recurrent Pseudomonas aeruginosa
pneumonia in an intensive care unit. Chest 1992, 101:194-198.

39. Berra L, De Marchi L, Yu ZX, Laquerriere P, Baccarelli A, Kolobow T:
Endotracheal tubes coated with antiseptics decrease bacterial
colonization of the ventilator circuits, lungs, and endotracheal tube.
Anesthesiology 2004, 100:1446-1456.

40. Adair CG, Gorman SP, O’Neill FB, McClurg B, Goldsmith EC, Webb CH:
Selective decontamination of the digestive tract (SDD) does not prevent

the formation of microbial biofilms on endotracheal tubes. J Antimicrob
Chemother 1993, 31:689-697.

41. Adair CG, Gorman SP, Byers LM, Jones DS, Feron B, Crowe M, Webb HC,
McCarthy GJ, Milligan KR: Eradication of endotracheal tube biofilm by
nebulised gentamicin. Intensive Care Med 2002, 28:426-431.

42. Ewig S, Torres A, El-Ebiary M, Fabregas N, Hernandez C, Gonzalez J,
Nicolas JM, Soto L: Bacterial colonization patterns in mechanically
ventilated patients with traumatic and medical head injury. Incidence,
risk factors, and association with ventilator-associated pneumonia. Am J
Respir Crit Care Med 1999, 159:188-198.

43. Baena-Monroy T, Moreno-Maldonado V, Franco-Martinez F, Aldape-Barrios B,
Quindos G, Sanchez-Vargas LO: Candida albicans, Staphylococcus aureus
and Streptococcus mutans colonization in patients wearing dental
prosthesis. Med Oral Patol Oral Cir Bucal 2005, 10(Suppl 1):E27-39.

44. Sirvent JM, Torres A, Vidaur L, Armengol J, de Batlle J, Bonet A: Tracheal
colonisation within 24 h of intubation in patients with head trauma: risk
factor for developing early-onset ventilator-associated pneumonia.
Intensive Care Med 2000, 26:1369-1372.

45. Bonten MJ, Kollef MH, Hall JB: Risk factors for ventilator-associated
pneumonia: from epidemiology to patient management. Clin Infect Dis
2004, 38:1141-1149.

46. Malacarne P, Corini M, Maremmani P, Viaggi B, Verdigi S: Diagnostic
characteristics of routine surveillance cultures of endotracheal aspirate
samples in cases of late-onset ventilator-associated pneumonia due to
Acinetobacter baumannii. Infect Control Hosp Epidemiol 2007, 28:867-869.

47. Yang K, Zhuo H, Guglielmo BJ, Wiener-Kronish J: Multidrug-resistant
Pseudomonas aeruginosa ventilator-associated pneumonia: the role of
endotracheal aspirate surveillance cultures. Ann Pharmacother 2009,
43:28-35.

48. Depuydt P, Benoit D, Vogelaers D, Decruyenaere J, Vandijck D, Claeys G,
Verschraegen G, Blot S: Systematic surveillance cultures as a tool to
predict involvement of multidrug antibiotic resistant bacteria in
ventilator-associated pneumonia. Intensive Care Med 2008, 34:675-682.

49. Jung B, Sebbane M, Chanques G, Courouble P, Verzilli D, Perrigault PF, Jean-
Pierre H, Eledjam JJ, Jaber S: Previous endotracheal aspirate allows
guiding the initial treatment of ventilator-associated pneumonia.
Intensive Care Med 2009, 35:101-107.

50. Michel F, Franceschini B, Berger P, Arnal JM, Gainnier M, Sainty JM,
Papazian L: Early antibiotic treatment for BAL-confirmed ventilator-
associated pneumonia: a role for routine endotracheal aspirate cultures.
Chest 2005, 127:589-597.

51. Mermel LA, Allon M, Bouza E, Craven DE, Flynn P, O’Grady NP, Raad II,
Rijnders BJ, Sherertz RJ, Warren DK: Clinical practice guidelines for the
diagnosis and management of intravascular catheter-related infection:
2009 Update by the Infectious Diseases Society of America. Clin Infect Dis
2009, 49:1-45.

52. A randomized trial of diagnostic techniques for ventilator-associated
pneumonia. N Engl J Med 2006, 355:2619-2630.

53. Aydogdu M, Gursel G, Hizel K, Ozis TN: Comparison of the serial
surveillance with quantitative and non-quantitative tracheal aspirate in
predicting ventilator-associated pneumonia etiology in patients
receiving antibiotic therapy. Minerva Anestesiol 2010, 76:600-608.

54. Niederman MS: The argument against using quantitative cultures in
clinical trials and for the management of ventilator-associated
pneumonia. Clin Infect Dis 2010, 51(Suppl 1):S93-99.

doi:10.1186/cc11357
Cite this article as: Gil-Perotin et al.: Implications of endotracheal tube
biofilm in ventilator-associated pneumonia response: a state of concept.
Critical Care 2012 16:R93.

Gil-Perotin et al. Critical Care 2012, 16:R93
http://ccforum.com/content/16/3/R93

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/10232424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15100635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15100635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15100635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3956213?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3956213?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9561475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9561475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10551961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10551961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18714060?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18714060?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18714060?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9517611?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9517611?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9517611?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12174708?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12174708?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3928249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3928249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8466132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8466132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8466132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11934711?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3655099?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3655099?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14530765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16387949?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16387949?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18180901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18180901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18180901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14625336?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14625336?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15071382?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15071382?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1729069?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1729069?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15166564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15166564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8335497?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8335497?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11967596?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11967596?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9872838?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9872838?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9872838?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15800465?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15800465?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15800465?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11089767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11089767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11089767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15095221?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15095221?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17564991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17564991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17564991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17564991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19033484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19033484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19033484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18066522?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18066522?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18066522?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18712348?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18712348?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15706001?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15706001?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19489710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19489710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19489710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20661200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20661200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20661200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20661200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20597678?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20597678?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20597678?dopt=Abstract

	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Patient data
	Definitions
	Respiratory samples
	Processing of ETT
	Statistical analyzes

	Results
	Surveillance cultures
	Biofilm formation
	Ventilator-associated pneumonia
	Relationship between biofilm, microbial persistence, non-responders and VAP relapse

	Discussion
	Conclusions
	Key messages
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

