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Abstract: Ventilator associated pneumonia (VAP) is one of the most common healthcare associated infections in
critical care settings. Endotracheal tube (ETT) is an independent risk factor for developing VAP. This study aimed
to investigate biofilm formation on the luminal and external surfaces of ETTs of neonates in ICU on mechanical
ventilation and study its relation to VAP. The presence of biofilm on the surface of ETTs and biofilm stage were
evaluated by Scanning Electron Microscope (SEM), meanwhile, bacteria harvested from the surface of ETTs and the
secretions of lower respiratory tract were isolated, identified and assessed for antimicrobial susceptibility. Twenty
ETTs from 20 neonates who were intubated and mechanically ventilated in the Neonatal Intensive Care Unit
(NICU) of Ain Shams University Hospital were obtained. Bacterial colonization and biofilm formation was
observed on 80% of inner and outer surfaces of collected ETTs using SEM. Staging of biofilm revealed that 50% of
the biofilms were grade I11, 31.25% were grade Il, and 18.75% were grade |. Bacterial colonization and biofilm
grading was shown to be time dependent (p value=0.006). Inner and outer endotracheal tube surfaces yielded 80%
and 75% positive aerobic cultures, respectively. The most prevalent isolates were Klebsiella pneumoniae followed
by coagulase negative Staph (CoNS), Enterobacter, Acinetobacter, Candida and normal flora . Thirteen samples had
the same pathogen both on the surface of ETTs and in the secretions of lower respiratory tract which accounted for
81.25% of the positive cultures from ETTs. All Gram negative isolates were resistant to ampicillin-sulbactam,
cefepime, cefotaxime, ciprofloxacin, and piperacillin. We can conclude that endotracheal tube colonization and
biofilm formation are frequently observed in neonates undergoing mechanical ventilation, increases with the
duration of intubation and is correlated with occurrence of VAP. Bacteria implicated in VAP showed multi-
resistance towards most antibiotics used in the study.
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Introduction: adaptive immune response. The clinical importance is
A biofilm is an aggregate of microorganisms in that biofilm infections are typically chronic infections
which cells adhere to each other or a surface. These (Hall-Stoodley et al., 2012).
adherent cells are frequently embedded within a self- Ventilator associated pneumonia (VAP) is one
produced matrix of extracellular polymeric substance of the most common healthcare associated infections
(EPS). Biofilm EPS is an amalgam of extracellular in critical care settings and accounts for 6.8% to 32.2%
macromolecules including nucleic acids, proteins, of health care-acquired infections among neonates. It
polysaccharides, and lipids (Bordi and de Bentzmann, is associated with prolonged hospitalization, increased
2011).The formation of a biofilm begins with the health care costs, and high attributable mortality
attachment of bacteria to a surface and is followed by (Rosenthal et al.,, 2012). The presence of an
proliferation and maturation, which ultimately leads to endotracheal tube (ETT) is an independent risk factor
the characteristic 3D biofilm structure with mushroom- for developing VAP and whilst tracheal intubation is
shaped bacterial agglomerations surrounded by fluid- necessary to facilitate mechanical ventilation, it also
filled channels. Later, cells may detach from the circumvents elements of patients' innate immunity.
biofilm in a process believed to be of crucial The endotracheal tube disrupts the cough reflex,
importance for the dissemination of a biofilm- promotes accumulation of tracheobronchial secretions
associated infection (Hoiby et al., 2010). Cells in and mucus, and provides a direct conduit for
microbial biofilms differ from planktonic cells in two pathogenic microorganisms to reach the lower
major ways: they are usually more tolerant to respiratory tract, increasing the risk of infection.
antibiotics and antimicrobial treatment, and they may Significantly, the endotracheal tube may also act as a
persist in the host, despite a heavy influx of reservoir for pathogens by providing a surface to
inflammatory cells and effector functions of the which they can adhere and form biofilms. Aggregates
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of ETT biofilm can be easily detached by suction
catheter and disseminate towards the lower respiratory
tract by shear forces imparted by the ventilator
inspiratory gas flow (Coppadoro et al., 2012).

The use of electron microscopy to demonstrate
the presence of endotracheal tube luminal biofilm was
first reported by Sottile et al. (1986). In their study of
25 patients in the intensive care unit (ICU) undergoing
extubation, the ETT was completely covered in 84% of
cases and partially covered in 16% by an amorphous
bacterium-containing matrix .They suggested that
there may be a relationship between nosocomial
pulmonary infections and bacterial adherence to the
interior surface of the ETT . Several investigators have
subsequently studied this process further and have
suggested not only that the formation of a biofilm may
be an important mechanism of ETT obstruction, but
also a potential source of pulmonary infection (Adair
et al., 1999,Feldman et al.,1999).

This prospective observational study aimed to
investigate biofilm formation on the luminal and
external surfaces of ETTs of neonates in ICU on
mechanical ventilation and study its relation to VAP.
The presence of biofilm on the surface of ETTs were
examined by SEM, meanwhile, bacteria harvested
from the surface of ETTs and the secretions of lower
respiratory tract were isolated, identified and assessed
for antimicrobial susceptibility.

Patients and Methods:
Patients

This was a prospective study done at neonatal
ICU (NICU) of Ain Shams University Hospital during
the period from May 2011 to March 2012. Any
intubated newborns in the NICU were enrolled in this
study, with the exception of neonates who had
undergone previous airway surgery or those in whom
the endotracheal tube could not be immediately
processed after extubation.

After obtaining a verbal and written consent
from the parents or care givers, all newborns enrolled
in the study were subjected to: i) full history taking
laying stress on (complete perinatal history, duration
of intubation, previous intubation history, history of
antibiotics, history of H2-blocker therapy) and ii) full
clinical examination with special emphasis on
(gestational age, birth weight, sex, crown rump length,
general and systemic examinations for any signs of
sepsis). Laboratory investigations included: complete
blood picture, C-reactive protein, blood cultures for
bacteria and fungi, and the distance of ETT tip to
carina on last chest radiograph.

Diagnosis of VAP was based on the criteria
summarized by Foglia et al. (2007) as follows: i)
develops 48 hrs. after initiation of mechanical
ventilation; ii) new or persistent infiltrations on chest
X-ray; and iii) worsening gas exchange and at least
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three of the following criteria: temperature instability
with no other recognized cause, new onset of purulent
sputum, increase in respiratory secretions or increased
need for suctioningg WBC < 4000/mm3 or >
15000/mma3, respiratory signs (apnea, tachypnea, nasal
flaring, retraction, wheezing, rales, or rhonchi), and
bradycardia or tachycardia .

Calculation of Subglottic Point:

For each subject, the portion of the endotracheal
tube that had been in contact with the subglottis was
determined. The last chest radiograph for each neonate
was examined and the distance (C) from the tip of the
endotracheal tube to the carina was measured. The
length of the trachea was determined by correlation
with the patient’s crown rump length (CRL) using the
following formula:

L =(0.708 + 0.106) CRL (cm).

The distance from the endotracheal tube tip to
the subglottis (S) was then determined by the
following formula: S =L — C - 0.3 (cm)

The factor 0.3 cm was added to ensure that the
sampled section was not above the level of the vocal
folds.

Collection of endotracheal tubes:

A sterile work area was prepared next to each
infant at the time of extubation. Included on the field
were a ruler, a knife, culture swabs, tubes and a vial
filled with 3% glutaraldehyde. The above formulas
were used to calculate the level of the subglottis on the
chest radiograph and this point was marked on the
ruler. A 1l-cm cross-sectional segment of the
endotracheal tube corresponding to the subglottis was
cut with the sterile knife (0.5 cm below and 0.5 cm
above the mark). The 1-cm segment was the divided
cross-sectionally into two 0.5 cm segments. Swabs of
the external surface and then (separately) the inner
surface of the first 0.5 cm segment were sent for
aerobic bacterial cultures. The remaining 0.5 cm
segment was divided longitudinally into two equal
segments both of which were placed in a vial filled
with 3% glutaraldehyde and sent for SEM of both the
outer and the inner surfaces of the ETT.

Isolation and identification of bacterial strains

i) Swabs of the external and inner surface of
ETTs were inoculated onto blood and MacConkey's
agar media and incubated aerobically at 37°C for 24

hours. Semiquantitative cultures onto blood and
MacConkey's agar media were performed for
endotracheal aspirates collected from intubated

neonates using a 1pl calibrated loop of. Results of
semiquantitative cultures were expressed as colony-
forming units (CFU) per milliliter. A threshold
concentration of 10°cfu/ml was used to diagnose
infection.

ii) Identification of the isolated organisms was
done according to Cheesebrough (2007) based on
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colonial morphology, microscopic examination of
Gram stained films and biological activity of the
isolated organisms.

iii) Antibiotic susceptibility of all isolated
organisms was done by disc diffusion method, using
Muller-Hinton (MH) agar plates. After overnight
incubation results were reported and interpretation was
done according to clinical and laboratory standards
institute (CLSI , 2010).

Preparation for the scanning electron microscopy
(SEM)

The specimens were collected from the patients
and rinsed in 2.5% glutaraldhyde fixative solution
buffered with 0.1% phosphate buffer for 24 hours.
Specimens were then postfixed in osmium tetroxide
for 15 minutes. The tissues were then dehydrated
through ascending grades of ethanol and then were
dried at critical point dryer using liquid carbon dioxide
with Bal-Tec CPDO030. The tissue were further
mounted on brass studs with aluminum conducting
tape and coated with gold in Bal-Tec SCDO0O05.
Specimens were examined with Philips XL30 scanning
electron microscope operated at 10 — 30KV, at the
electron microscopy unit, Ain Shams University. The
biofilm formation (its existence and extent on the
surface) was graded using a one to three integer scale
(Tatar et al., 2006). Grade | shows microcolony
formation and the beginning of glycocalyx production,
Grade Il shows an established microcolony,
extracellular ~ polymeric  substance (EPS) and
multidimensional structure and growth, and Grade Il
shows a fully mature biofilm covered completely by
EPS.

Results

Twenty ETTs were obtained from 20 neonates
(14 males and 6 females; with a gestational age
between 27 and 37 weeks; mean 32 weeks), who were
intubated and mechanically ventilated in the NICU of
Ain Shams University Hospital. Admission diagnoses
included: respiratory distress syndrome (17),
pneumothorax (1), duodenal atresia (1) and hypoxic
ischemic encephalopathy (1). The duration of
intubation prior to endotracheal tube collection was
between 1 and 9 days (mean 3.55 days). In the studied
neonates, 40% were previously intubated and 25%
received antacids. All neonates received antibiotics;
the number of antibiotics administered per patient
ranged from 2 to 9 antibiotics during the course of
their hospital stay.

Bacterial colonization and biofilm formation
was observed on the lumen and outer surface of 80%
(16/20) of the collected tubes while 20% (4/20)
showed no bacterial colonization or biofilm formation.
As regards staging of biofilm by SEM: fifty percent
(8/16) of the biofilms were grade 11, while, 31.25%
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(5/16) were grade Il, and lastly 18.75% (3/16) were
grade |. A representative image depicting the
characteristics of each biofilm stage as captured by
SEM is shown in (Figures 1-4).
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Figurel. Scanning electron micrograph of an
endotracheal tube with no evidence of bacterial
biofilm x 500.The duration of intubation was 24
hours.
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Figure2.Scanning electron micrograph of an ETT
showing grade 1 biofilm with scattered large
cocci. Higher magnification of the inset showing
the beginning of secretion of EPS (arrow) of the
cocci that will attract and coalesce more
microbes (x650 & x 2500.The duration of
intubation was 2 days.

The duration of intubation for different
biofilm grades was as follows: 3 to 9 days (mean
5.67 days) for biofilm grade Ill, 3 to 6 days
(mean 4.33 days) for biofilm grade Il, and 2 to 3
days (mean 1.67 days) for biofilm grade 1. While,
for biofilm negative cases the duration of
intubation was from 1 to 2 days (mean 1.67
days).A statistically significant relationship was
observed between duration of intubation and
biofilm stage (p=0.006). Figure 5 displays the
duration of intubation relative to biofilm stage for
all patients.

Relationships of bacterial colonization
and biofilm formation with other factors as:
gender, previous intubation, antibiotic therapy

and antacids administration was not statistically
significant (p>0.05).
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Figure3.Scanning electron micrograph of an ETT
showing; grade 2 biofilm with increased amount
of the EPS and number of trapped cocci, higher
magnification showing large microbial aggregate
x650 & x2500. The duration of intubation was 3
days.

Y i
Figure4.Scanning electron micrograph of an ETT
showing; grade 3  mixed biofilm  with
homogenous EPS that surrounds completely the
cocci and trapping some bacilli over its surface x
2000. The duration of intubation was 9 days.
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Figure5. Relation between duration of intubation
& biofilm stage.
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Inner endotracheal tube surface yielded
80% (16/20) positive aerobic cultures and 22
isolates were recovered; (10 samples gave a
single isolate and 6 samples gave two isolates).
The percentage of different organisms isolated
from ETTs' inner surface cultures are shown in
(Figure 6).
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Figure6.  Percentage of different
isolated from ETTSs' inner surface cultures.

organisms

Outer endotracheal tube surface yielded 75%
(15/20) positive aerobic cultures. A total of 18 isolates
were recovered; (12 samples gave a single isolate and
3 samples gave two isolates). The percentage of
different organisms isolated from ETTs' outer surface
cultures is illustrated in (Figure7).
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Figure7.  Percentage of different  pathogens
isolated from ETTSs' outer surface cultures.
All ETTs that showed bacterial

colonization and biofilm formation by SEM gave
positive microbiological culture results, while the
ETTs that exhibited no bacterial colonization or
biofilm formation gave negative microbiological
culture results. This was translated statistically by
a 100% agreement between biofilm formation
observed by SEM and inner surface ETT cultures
(Prevalence and adjusted Kapa test (k) =1).

Seventeen neonates (85%) developed VAP
and this was confirmed by positive endotracheal
aspirate cultures. A total of 20 isolates were recovered;
14 samples gave a single isolate and 3 samples gave
two isolates. Thirteen samples had the same pathogen
both on the inner surface of ETTs and in the
endotracheal aspirate which accounted for 81.25% of
the positive cultures from ETTs. Three samples
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(18.75%) of ET aspirate grew one organism
phenotypically similar to ETT inner surface culture.
The distribution of different pathogens is illustrated in
(Figure 8).
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Figure8.  Percentage of different
isolated from endotracheal aspirate cultures.

organisms

Three neonates
endotracheal aspirate

(15%) gave negative
culture results, and no
organisms were isolated from their endotracheal
tube inner and outer surfaces and no bacterial
colonization or biofilm formation was observed
on their endotracheal tubes by SEM. One neonate

had a positive aspirate culture but negative ETT
inner surface culture. This was translated
statistically by a very good agreement between
bacterial colonization / biofilm formation and ET
aspirate culture results (kappa=0.828).

A significant relationship was observed
between  the duration of intubation and
colonization of the ETT inner surface (p=0.01),
while no significant relationship was detected
between duration of intubation and ET aspirate
culture results (p value=0.057).

Antibiotic resistant patterns by the disc
diffusion test revealed that CoNS showed highest
susceptibility to vancomycin, tetracycline, and
trimethoprim  sulfamethoxazole  (50%),  while
being least susceptible to penicillin and cefoxitin
(0%). As regards Gram negative isolates, all
isolates  showed highest  susceptibility  to
imipenem, and ciprofloxacin (75-100%), while
being least susceptible to ampicillin-sulbactam,
cefepime, cefotaxime, cprofloxacin, and
piperacillin  (0%). The antibiotic susceptibility
pattern for isolates is seen in (Table 1).

Tablel. Antibiotic susceptibility pattern for isolates (% sensitive).

Antibiotic CoNS K.pneumoniae Enterobacter Acinetobacter
Penicillin 0 -- - -—--
Tetracycline 50 -~ - 25
Vancomycin 50 - - -
Cefoxitin 0 0 0 -
Trimethoprim-sulfamethoxazole 50 25 100 0
Gentamycin --- 50 66.6 75
Cefepime 0 0 0
Ampicillin/Sulbactam - 0 0 0
Cefotaxime 0 0 0
Ampicillin - 0 0 _
Amikacin --- 25 0 0
Ceftriaxone --- 0 0 0
Ciprofloxacin - 75 100 75
Piperacillin - 0 0 0
Imipenem --- 100 100 75

---- = the corresponding antibiotic was not used in sensitivity pattern of this isolate.

Discussion:

Endotracheal tubes of intubated patients
are constantly challenged with abundant bacteria-
laden secretions. Quickly those bacteria may
organize in a well-organized structure (biofilm)
which is difficult to eradicate (Berra and Kumar,
2010). Fragments can detach spontaneously or
become dislodged by suction catheters and enter
the lungs representing a source of infection
(Lorente et al., 2010).
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In this study, bacterial colonization and biofilm
formation was observed on 80% (16/20) of inner and
outer surfaces of collected ETTs using SEM. These
results agreed with previous reports obtained by Diaz-
Blanco et al. (1989) and Poisson et al.(1991). In both
studies all ETTs were coated with luminal biofilm,
with the material appearing as early as 11 hours after
intubation. In a study by Zur et al. (2004), bacterial
colonization and biofilm formation were seen on 8 of 9
inner lumen tubes, and all of the outer endotracheal
tube surfaces obtained after extubation exhibited
biofilm formation. Comparing the inner and outer
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surfaces of the endotracheal tubes, there was no
significant subjective difference in the appearance of
these accretions

In this study, it was clearly observed that
bacterial colonization and biofilm grading was shown
to be time dependent (p value=0.006). This was in
accordance with Chen et al.(2007); they used SEM to
investigate microbial biofilms on inner surfaces of
ETTs removed from neonates with intubated
ventilation. They noted some amorphous material with
no obvious bacterial colonies in 5 of 20 ETTs as early
as one day of tube use. Up to 2 days of tube use (4/20),
attached bacterial colonization was seen embedded in
amorphous material. Up to 3 days (7/20), a layer of
biofilm formation presented on ETTs. Furthermore,
biofilm architecture became more mature and complex
if the duration exceeded 3 days.

The presence of microbial structures on electron
microscopy has generally correlated with the presence
of positive microbial cultures. In the present work,
inner and outer endotracheal tube surface yielded 80%
and 75% positive aerobic cultures, respectively. The
most prevalent isolated organisms were Klebsiella
pneumoniae followed by CoNS, Enterobacter,
Acinetobacter, Candida and normal flora. Globally, K.
pneumoniae is a frequently encountered hospital-
acquired opportunistic pathogen that typically infects
patients with indwelling medical devices. Biofilm
formation on these devices is important in the
pathogenesis of these bacteria (Murphy and Clegg,
2012).

Similar results were also reported by Webber
and colleagues (1990). In their study ETT colonization
was observed in 94% of ventilated neonates with late-
onset pneumonia, most commonly by Gram negative
organisms and Staphylococcus epidermidis. In the
study of Zur et al. (2004), 22% cultures of the inner
surface of the endotracheal tube grew Staphyloccocus
species, one inner tube culture grew normal flora and
66% of the tubes grew no organisms. The outer
endotracheal ~ tube  surface  cultures  grew
Staphylococcus species in 33% of cases.

We observed a significant relationship between
the duration of intubation and bacterial colonization of
ETT inner surface (p=0.01). This time-dependent
bacterial colonization was also observed by Brown and
Manning (1996) who found 10 days to be significant in
the development of pathogenic cultures. In their study,
neonates intubated for shorter periods generally
demonstrated only normal flora. In another study by
Friedland et al. (2001), thirty three ETTs were
swabbed for culture after removal from patients in the
NICU. A variety of organisms were cultured but there
was a proponderance of Staphyloccocus epidermidis,
meanwhile polymicrobial flora was detected in
approximately 50% of specimens. Colonization was
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shown to be time dependent, with a statistically
significant increase in the incidence of a positive
culture after 4 days of intubation. A possible role for
biofilm was suggested, but electron microscopy was
not performed to confirm the presence of such a layer.

In the current work, no relationship was
detected between colonization of ETT/ biofilm
formation and antibiotic intake. This was in
agreement with Zur et al. (2004), who observed
no correlation between the use of antibiotics and
the presence of bacterial colonies on electron
microscopy or on culture. This could be
explained by relative resistance of bacteria
encased in biofilm to the action of antimicrobials
and host defenses. The decreased susceptibility to
microbial agents within a biofilm arises from
multiple factors, including physical impairment
of diffusion of antimicrobial agents, reduced
bacterial growth rates, and local alterations of the
microenvironment that may impair activity of the
antimicrobial agent. Furthermore, the proximity
of cells within a biofilm can facilitate plasmid
exchange and hence enhance the spread of
antimicrobial resistance (Hoiby et al., 2010).

Previous studies have suggested that
accumulation of bacterial biofilm within the
endotracheal ~ tube lumen in  mechanically
ventilated adults may be a contributing factor in
the  development of nosocomial  pneumonia
(Adair et al., 1999) and (Feldman et al., 1999).
This study provides further evidence of the role
of ETT biofilm in the pathogenesis of VAP in
neonates who were intubated and ventilated for a
prolonged period. This was concluded first, from
occurrence of lower respiratory infection in 85%
of the intubated neonates. Second, a strong
statistical relationship existed between bacterial
colonization/biofilm formation and ET aspirate
culture  results  (kappa=0.828). The majority
(81.25%) had identical pathogens isolated from
both inner ET biofilm and tracheal secretions
while  samples which grew one organism
phenotypically similar to ETT inner surface
culture accounted for 18.75% of the positive
cultures from ETTs. The most prevalent isolates
in endotracheal aspirate cultures were Klebsiella
pneumoniae  40% followed by CoNS 20%,
Enterobacter 20%, Acinetobacter 15%, and
normal flora 5%.

Our results were in accordance with Chen et al.(
2007), who reported that 50% of the positive cultures
from ETTs had the same pathogen both on the surface
of ETTs and in the secretions of lower respiratory
tract, including Xanthomonas maltophilia, Klebsiella
pneumoniae, Acinetobacter Iwoffii , Acinetobacter
baumannii and normal flora. The Gram-negative
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bacteria isolated from the surface of ETTs and the
secretions of lower respiratory tract presented multi-
resistance to antibiotics. Indeed our study agreed with
this data as shown by resistance pattern of isolated
pathogens obtained by disc diffusion method.

Similarly  Apisarnthanarak and colleagues
(2003), noted Gram-negative organisms in 94% of
tracheal aspirates from neonates with VAP. Multiple
organisms were recovered from airway secretions in
58% of cases, and Staphylococcus aureus was
recovered from approximately 25% of cases. Other
studies, reported Gram negative bacteria (E.coli,
Klebsiella, and Pseudomonas) as the most common
agents that caused VAP in ventilated neonates (Yuan
et al.,2007) and(Mohamed et al., 2011). Ying et al.
(2010), detected that the majority (77%) of isolated
pathogens from neonatal VAP were Gram negative
bacilli, the most frequently isolated were Klebsiella
(20%), Stenotrophomonas maltophila (18%), and
Acinetobacter (13%).

In the current study, only one neonate had a
positive aspirate culture but negative ETT inner and
outer surface cultures. One study reported that the
common sequence of bacterial colonization of patients
undergoing mechanical ventilation is firstly the
oropharynx/upper gastrointestinal tract, followed by
the lower respiratory tract, leading to ETT colonization
.In their study, the appearance of microorganisms in
lower respiratory tract secretions of these patients
almost invariably preceded their appearance in the
interior of the ETT (Feldman et al., 1999).

In our study no significant relationship was
detected between duration of intubation and VAP (p
value=0.057). Similar results were obtained by Wilson
et al. (2012), who didn't find a significant relationship
between duration of intubation and development of
pneumonia but reported a relationship between
advanced biofilm stage and the incidence of
pneumonia.

Prolonged antibiotic administration in NICU
patients is expected to favor selection and subsequent
colonization with resistant pathogens. Disk diffusion
test detects antibiotic susceptibility of microorganisms
which exist in planktonic growth mode and tend to
show greater susceptibility to the action of
antimicrobial agents. However, when present as a
biofilm on the ET, pathogens exist in a sessile growth
mode and are more resistant to the action of
antimicrobials. One study reported a high rate of
multidrug-resistant organisms from purulent tracheal

aspirates associated with VAP, in particular,
third/fourth  generation  cephalosporin  resistant
Pseudomonas  aeruginosa,  oxacillin  resistant

Staphylococcus aureus, and third/fourth generation
cephalosporin- resistant Klebsiella, Enterobacter, and
Serratia (Chun et al., 2011). Another study correlated
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the ability of biofilm formation of an organism with
multidrug resistance. Sixty six percent of isolates in
their study were multidrug resistant and from them
48.2% were associated with strong biofilm formation.
Acinetobacter spp. was the most common organism
isolated and was associated with strong biofilm
formation. It was also the most common multidrug
resistant organism followed by Pseudomonas
aeruginosa, Klebsiella pneumoniae, E-coli and
Staphylococcus aureus (Summaiya et al., 2012).

In conclusion, endotracheal tube colonization
and biofilm formation are frequently observed in
neonates undergoing mechanical ventilation from a
very early stage, increases with the duration of
intubation and is correlated with occurrence of VAP.
Bacteria implicated in VAP showed multi-resistance
towards most antibiotics used in the study. These
results highlight the importance of discovering new
strategies directed towards modification of the ET to
prevent or reduce biofilm formation.
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