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ABSTRACT

The presence of some microorganisms in the respiratory tract is a known risk factor for the infection of air pas-
sages; however, it is not clear whether this holds true for Candida spp. Thus, our objective was to determine the
frequency of yeast colonization in the tracheobronchial secretions of critically ill intubated patients and to assess
the presence of these yeasts in the infra-cuff region of the endotracheal tube (ET). Patients aged 18 years or older
who had been using an endotracheal tube for 48 hours were recruited. Tracheal secretions were collected; after
extubation, the ETs were cut into two fragments in the infra-cuff region. One of these fragments was placed in a
solution containing antibiotics and sent to the lab for culture and identification of yeasts. The remaining fragment
was fixed and subjected to scanning electron microscopy (SEM). In total, 20 patients with an average age of 73.3
years (+ 13.1) participated in this study. These patients remained under endotracheal intubation and invasive me-
chanical ventilation for an average of 6.4 (£ 1.8) and 13.5 days (z 15), respectively. Of these patients, 45 % showed
respiratory tract colonization by yeasts of the Candida genus, with C. albicans being the most frequently isolated
species (66.7 %). Moreover, in almost 90 % of these patients, blastoconidia of the same yeast were found in the
infra-cuff portion of the ET, as evidenced by SEM, strongly fixed on the ET surface. Yeasts isolated from both the
infra-cuff region and the tracheobronchial secretions were susceptible to amphotericin B and fluconazole. In con-
clusion, our results show that the frequency of colonization by yeasts of the Candida genus in the tracheobronchial
secretions of intubated patients within 48 hours is high, and that these species can also be found as a biofilm on
the ET surface.
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INTRODUCTION

Candidemia or invasive candidiasis (IC)
is one of the most common invasive fungal
diseases, affecting a large number of people
worldwide, with mortality rates reaching
70 % (Pappas et al., 2018). The complexity of
this scenario and the long periods of hospital-
isation result in a financial public health bur-
den (Cortegiani et al., 2017).

IC may be caused by many Candida spp.,
with C. albicans being the most common, fol-
lowed by other species such as non-albicans
Candida (NAC) (Colombo et al., 2006; Kull-
berg and Arendrup, 2015; Antinori et al.,
2016; Ostrosky-Zeichner and Al-Obaidi,
2017; Pappas et al., 2018).

Approximately 50 % of IC episodes occur
in critically ill individuals treated in intensive
care units (ICU). These patients are exposed
to a series of factors that favour colonization
by Candida spp. and, consequently, the risk
of IC is increased (Calandra et al., 2016; Gas-
par et al., 2015; Leon et al., 2006; Seddiki et
al., 2013). Colonization of sites such as the
gastric and genitourinary mucosa by yeasts of
the Candida spp. have been considered an im-
portant precondition for subsequent invasive
infection in humans (Pappas et al., 2018). The
presence of Candida spp. in the respiratory
tract is a known risk factor for the infection of
air passages by multi-resistant microorgan-
isms (Tan et al., 2016); however, little is
known about the impact of colonization of the
respiratory tract by Candida spp., given that
the clinical relevance of colonization in the
respiratory tract by yeasts is not well estab-
lished (Eggimann and Pittet, 2014, Pendleton
etal., 2017).

Biofilms on both biotic and abiotic sur-
faces have been considered one of the main
inoculation sources of microorganisms infect-
ing the lungs (Nett, 2016; Pirrone et al.,
2016). The endotracheal tube (ET), besides
being an invasive device that puts colonized
regions in contact with lung tissue, is also an
abiotic surface that facilitates biofilm devel-
opment. Thus, the use of this device is
strongly associated with infections, mostly
when used for long periods of time (Danin et

al., 2015). However, previous studies have
frequently focused on bacterial rather than
fungal infections. There is especially a pau-
city of data from such studies involving yeasts
from Candida spp., highlighting the lack of
knowledge in this respect. Therefore, this
study aimed to determine the frequency of
colonization by yeasts in the tracheobronchial
secretions of intubated patients and to assess
the presence of these yeasts in the infra-cuff
region of the ET.

MATERIAL AND METHODS

Study location and ethics approval

This study was carried out among patients
admitted to the adult ICU of the Municipal
Hospital of Maringa (MHM) who were under
invasive mechanical ventilation (IMV). The
study was approved by the Ethics and Re-
search Committee of UniCesumar under the
registration number 1.742.787, and family
members of all patients provided written in-
formed consent.

Study population

All patient admissions to the adult 1ICU
from February 2017 to November 2017 were
considered for the present study.

The inclusion criteria were as follows: age
over 18 years and intubation within the previ-
ous 48 hours. Both men and women were in-
cluded. Based on these criteria, one of the
family members was approached and in-
formed about the study, and was asked to sign
the informed consent form.

The exclusion criteria were as follows: ex-
tubation; death during the time taken for la-
boratory confirmation of yeast colonization;
previous admission to the ICU of another hos-
pital; previous history of tracheostomy; endo-
tracheal intubation for longer than 48 hours;
and ET replacement during the period of data
collection. Patients were also excluded if they
were admitted on a day of the week for which
the sample needed to be collected on week-
ends or holidays. Additionally, we ensured
that none of the patients were taking antifun-
gal medications during the study.

802



EXCLI Journal 2019;18:801-811 — ISSN 1611-2156

Received: July 11, 2019, accepted: September 03, 2019, published: September 09, 2019

Patient surveillance and isolation and
identification of the biological samples

Demographic data obtained from patients
included hospital diagnosis at admission, rec-
ommendation for mechanical ventilation
(MV), administration of antibiotic and anti-
fungal therapy during admission, duration for
which the ET was being used, use of a central
venous catheter, hemodialysis, and presence
of a nasogastric or nasoenteral tube.

The disease severity for each patient dur-
ing the first 24 hours of admission was evalu-
ated based on the Acute Physiology and
Chronic Health Evaluation scale (APACHE
I1), wherein the variables collected were
added to determine a score indicating the
probability of death.

Collection of the tracheobronchial secre-
tion was performed during the morning of the
day on which the patient would complete 48
hours of intubation. In order to perform this
procedure, a sterile flask and suction probe
number 14 were used. After collection, a
small portion of the biological material was
placed in sterile plastic 15-mL conical tubes,
containing 3 mL of phosphate buffered saline
(PBS, pH 7.5) with antibiotics (polymyxin B
and chloramphenicol).

After the patient was extubated, regard-
less of the reason (weaning of MV, placement
of a tracheostomy, or death), the ET was care-
fully washed with sterile saline solution and,
with the aid of a scalpel, the infra-cuff region
was cut into two parts. One 2 cm portion was
placed in 50 mL plastic conical tubes contain-
ing 10 mL of sterile PBS with antibiotics (pol-
ymyxin B and chloramphenicol) and dithio-
erythritol (DTE), and was sent for the isola-
tion and culture of yeasts. The remaining
1 cm fragment was fixed in glutaraldehyde
(2.5 %) for 2 hours, and then dehydrated with
a graded series of ethanol (70 %, 80 %, 90 %,
95 %, and 100 %). After that, the fragment
was treated with gold-palladium and observed
under a scanning electron microscope (SEM,;
Shimadzu SS-550 Superscan, Tokyo, Japan)
at the Department of Electronic Microscopy
of the State University of Londrina.

At the Medical Mycology division of the
Laboratory of Teaching and Research in Clin-
ical Analysis of the State University of
Maringa, samples of each tracheobronchial
secretion were centrifuged for 5 minutes at
7000 rpm. The supernatant was then dis-
carded, and the pellet was resuspended in
1000 uL of PBS. Afterwards, 10 pL of this
suspension was plated in a Petri dish contain-
ing Sabouraud dextrose agar (SDA) supple-
mented with polymyxin B and chlorampheni-
col, and the dish was incubated at 35°C for a
maximum of 7 days. Then, the number of col-
ony-forming units (CFU) was evaluated and
screening was performed in CHROMagar
Candida™ media to detect the presence of
one or more species of Candida based on the
color and the characteristics of the colony.
This medium was incubated at 35 °C for 48
hours for final identification. The plagques that
did not show any growth in 7 days were con-
sidered negative for yeasts.

The 2 cm fragment of the ET was soni-
cated for 50 seconds at 30 %. Immediately af-
terward, it was centrifuged for 5 minutes at
7000 rpm. The pellet was resuspended in
1 mL of PBS with antibiotics (polymyxin B
and chloramphenicol) and 20 pL was plated
on SDA plates following the same procedure
detailed above.

Identification of yeasts was performed
through classic tests of identification, i.e. by
observing micromorphology and using bio-
chemical tests (Kurtzman et al., 2011). This
was confirmed using matrix-assisted laser de-
sorption/ionisation-time of flight mass spec-
trometry (MALDI-TOF MS). Yeast prepara-
tion for MALDI-TOF MS was performed ac-
cording to specific protocols (Spanu et al.,
2012; Pascon et al., 2011), and the reading
and interpretation were performed using VI-
TEK® MS using Myla® software (bioMé-
rieux, Marcy I'Etoile, France).

Antifungal susceptibility profile

The antifungal susceptibility profile
against amphotericin B (Sigma, Belgium) and
fluconazole (Sigma, Belgium) was deter-
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mined. The test was performed using a micro-
dilution assay in broth, according to the
guidelines of the Clinical Laboratory Stand-
ards Institute M27-A3 document (CLSI,
2008). Concentrations ranged from 0.125 to
64 pg/ml for fluconazole and between 0.03
and 16 pg/ml for amphotericin B. Suspen-
sions were tested with antifungal solutions in
96-well microplates (Nunclon Delta; Nunc)
incubated for 48 hours at 35 °C. The cell lines
C. albicans (ATCC 90028) and C. tropicalis
(ATCC 750) were used as controls. The mi-
croplates were read at 405 nm (Expert Plus
Microplate Reader; ASYS). The minimum in-
hibitory concentration (MIC) of amphotericin
B was defined as the lowest concentration that
completely inhibited growth. The MIC of flu-
conazole was defined as the lowest concentra-
tion that inhibited 50 % of growth. Results
were expressed as: susceptible (S), suscepti-
ble-dose dependent (S-DD), and resistant (R),
with the breakpoints based on the CLSI M60
document (CLSI, 2017). For amphotericin B,
resistant isolates were defined as isolates with
MIC > 1 pg/ml, as described by Montagna et
al. (2014).

Statistical analysis

Baseline patient characteristics were com-
pared between patients with and without the
presence of Candida spp. in the respiratory
tract. Categorical variables are described as

364 ICU HOSPITALIZATIONS
172 PATIENTS IN MV
29 ELIGIBLE PATIENTS
20 PATIENTS INCLUDED

9 COLONIZED PATIENTS

SPATIENTS

counts and percentages and were compared
using Fisher’s exact test. Continuous varia-
bles are described as means with standard de-
viation and were compared using an inde-
pendent t-test. P values < 0.05 were consid-
ered statistically significant. Analyses were
completed with Statistica version 10 (Statsoft
Inc., Tulsa, OK, USA).

RESULTS

Between February and November 2017,
29 patients fulfilled the inclusion criteria for
the current study. Of these, 20 patients were
included in the data analysis, as there were 2
deaths, 3 patients were transferred to another
hospital, 2 patients were extubated before the
end of the data analysis, and 2 patients under-
went an early tracheostomy. Among the 20
patients, 45 % (n = 9) showed yeast coloniza-
tion in the respiratory tract; all these yeasts
were from Candida spp. In 8 of these patients,
the same species of yeast was found in the tra-
cheobronchial secretion and in the distal por-
tions of the ET; this group was used for fur-
ther microbiological analyses (Figure 1). It is
important to note that one patient (H15) was
taking prophylactic antifungal medication at
the time of sample collection and was in-
cluded in the study as an exception because he
was HIV+ and his case was thus relevant for
microbiological analysis.

Figure 1: Distribution of pa-
tients admitted to the ICU in-
cluded in the study and rep-
resentation of the yeasts of
Candida genus found in the
samples.

**Eight patients showed col-
onization by yeasts of the
Candida genus in both the
tracheobronchial secretion
and ET.

Abbreviations:

MV, mechanical ventilation;
ICU, intensive care unit;

ET, endotracheal tube
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The average age of the 20 patients was
73.3 years (x 13.1), and the proportion of
males and females was the same. In 55 % of
patients (n = 11), the reason for hospitaliza-
tion involved the lungs. A comparison of
these data and other features between patients
showing yeast colonization and those not
showing yeast colonization is presented in Ta-
ble 1.

Among the 9 patients showing yeast colo-
nization in the respiratory tract, 44.4 % (n =
4) were hospitalised for a surgical procedure
(exploratory laparotomy) — significantly dif-
ferent from the proportion among patients not
showing colonization (P = 0.026). In contrast,
in the group of patients not showing coloniza-
tion (n = 11), pulmonary involvement was the
main reason (63.6 %) for hospitalisation.

Among the 20 patients, the mean
APACHE Il score during the first 24 hours of
hospitalisation was 29.7 (£ 5.3), and the
chance of death varied from 40 % to 85 %,
without any significant difference between
the groups (with or without yeast coloniza-
tion). In the group without yeast colonization

Table 1: Patient details

in the respiratory tract, 30 % of patients un-
derwent a tracheostomy. In total, 70 % of all
patients (n = 14) died, regardless of coloniza-
tion by yeasts (P = 0.21).

As all patients were under intensive care,
a central venous catheter and vesical and na-
soenteral probes were used. In 4 patients, a
catheter for hemodialysis was also necessary.

Hemoculture and urinoculture were per-
formed during hospitalisation in 80 % and
75 % of the patients, respectively. Can-
didemia was not diagnosed in any of the pa-
tients; however, on urinoculture, 15 % (n = 3)
of patients were diagnosed with candiduria
caused by NAC species. Of these patients,
only one showed colonization in the respira-
tory tract, albeit by a different species.

On average, the 20 patients remained un-
der endotracheal intubation and MV for 6.4
days (x 1.8) and 13.5 days (+ 15), respec-
tively, with no significant difference between
the groups. Antibiotic escalation was needed
in 65 % of the patients, and there was no sig-
nificant difference between the two groups in
this regard.

Total Colonized Non-Colonized
(n=20) (n= 9) (n=11) P
Age (SD) 73.3(13.1) 78 (7.6) 69.4 (15.5) 0.15
Sex (n [ %))
Female 10 (50) 5 (55.6) 5 (45.5)
Male 10 (50) 4 (44.4) 6 (54,5)
Admission category(n [ %])
Respiratory 11 (55) 4 (44.4) 7 (63.6) 0.34
Surgical 4 (20) 4 (44.4) 0 (0.0) 0.026
Medical* 5 (25) 1(11.1) 4 (36.4) 0.22
Days on ET (SD) 6.4 (1.8) 6.5 (2.3) 6.6 (1.8) 0.93
Days on MV (SD) 13.5 (15) 6.5 (2.3) 28.5 (6.3) 0.056
Tracheostomy (n [ %]) 6 (30) 0 (0) 6 (54,5)
Score APACHE Il (SD) 29.7 (5.3) 29.8 (4.1) 28.5 (6.3) 0.62
Death (n [ %]) 14 (70) 5 (55.6) 9(81.8) 0.21
Antibiotic Escalation (n [ %]) 13 (65) 6 (66.7) 7 (63.6) 0.63
On antifungal therapy** (n [ %]) 1(5.0) 0 (0.0) 1(9.1)

*Medical (cardiovascular, renal, neurological, gastrointestinal, oncological conditions)

**during collection

ET: Endotracheal Tube; MV: mechanical ventilation
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As seen in Table 2, most patients showing
yeast colonization in the respiratory tract, ex-
cept for 1 (H5), showed high counts of yeast
infection (> 10° CFU/mL). Moreover, this
count was similar in both samples (secretion
and ET). In only one patient (P1), although a
high count was found in the secretion, the ET
count was low.

All yeasts identified from the culture of
tracheobronchial secretions and ET fragments
belonged to Candida spp., with a predomi-
nance of C. albicans (66.7 %). The NAC spe-
cies identified were C. glabrata and C. tropi-
calis. In general, isolates of C. albicans were
obtained as pure cultures, except for in one
case (patient H8). In contrast, NAC species
were found in co-colonization conditions.

Figure 2 illustrates the presence of these
yeasts in the distal portions of the ET. These
pictures were taken from a fragment of the ET
using scanning electron microscopy (SEM).
The distal fragment of the ET after the extu-
bation of one patient was taken in natura, and
yeasts forming budding cells (Figure 2A) or
blastoconidia (Figure 2B) were observed by
SEM. These fungal structures were to be
firmly adhered to the ET in a biofilm form,
covered by bronchial secretions and sur-
rounded by other microorganisms and extra-
cellular matrix.

Regarding antifungal susceptibility pro-
file, all isolates were susceptible to flucona-
zole and amphotericin B, irrespective of the
species and where they were isolated from
(i.e. secretion or ET) (Table 3).

Table 2: Distribution by species and count of colony forming units of the yeasts obtained from the eight
colonized patients concomitantly in the tracheobronchial secretion and also in the ET

TRACHEAL SECRETIONS ET BELOW THE CUFF
PATIENTS

CFU SPECIES CFU SPECIES
P1 >10° C. tropicalis, C. glabrata 11 C. tropicalis, C. glabrata
H5 43 C. albicans 9 C. albicans
H6 >10°  C. albicans >10° C. albicans
H8 >105  C.tropicalis, C. glabrata >10° C. albicans, C. glabrata
H9 >10°  C. albicans >10° C. albicans
H11 >10°  C. albicans >10° C. albicans
H13 >10° C. albicans >10° C. albicans
H19 >10° C. albicans >10° C. albicans

CFU: number of Colony Forming Units; ET: Endotracheal Tube

Table 3: Antifungal susceptibility profile of yeasts isolated and identified from colonized patients in both

tracheobronchial secretion and ET

Fluconazole (ug/ml)

Amphotericin B (ug/ml)

Isolates
Secretion ET All Secretion ET All
Range  0.13-8.0 0.3-2.0 0.13-8.0 0.03-0.5 0.13-0.5 0.03-0.5
MIC50 0.25 1.0 0.25 0.25 0.5 0.5
MIC90 2.0 2.0 2.0 0.5 0.5 0.5
GM 0.41 0.43 0.42 0.22 0.38 0.29

ET: Endotracheal Tube;

MIC: minimal inhibitory concentration; GM: Geometric mean
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Figure 2: Scanning electron micrograph showing yeasts firmly adhered to the surface of the external
portion of the infra-cuff region of a polyurethane endotracheal tube from one extubated patient (20,000x
magnification). (A) The arrow indicates a budding yeast. (B) The arrow indicates a yeast in the blasto-
conidia shape.

DISCUSSION

In this study, within 48 hours of intuba-
tion, 45 % of the patients showed respiratory
tract colonization by yeasts of the Candida
genus. Further, in approximately 90 % of
these patients, the same yeast was found in
both the tracheobronchial secretion and the
infra-cuff portion of the ET.

While people including healthy individu-
als may show Candida sp. Colonization with-
out any negative consequences, a simple col-
onization may evolve into infections that can
be localized and cause minor clinical impact
in certain groups of patients. In particular, the
consequences are more relevant in individuals
with extreme health debilities, such as surgi-
cal patients (Ha et al., 2011) or older patients
with other morbidities (Guimaraes et al.,
2012). Moreover, patients who need endotra-
cheal intubation, MV, ICU hospitalization for
more than a week, and catheterization show
considerable chances of this same coloniza-
tion evolving to IC (Muskett et al., 2011),
which is associated with high mortality and
morbidity.

Despite their severity, there are several
limitations to the final diagnosis of invasive

infections (Eggiman et al., 2015). Hemocul-
tures provide positive results in only 50-70 %
of cases (Calandra et al., 2016). Considering
that bacterial infections have historically re-
ceived more attention than the fungal ones,
preventive prescription and escalation of
broad-spectrum antibiotics is common. Thus,
antibiotic use represents an additional risk
factor for the occurrence of invasive fungal
infections (Delaloye and Calandra, 2014; Eg-
giman et al., 2015; Muskett et al., 2011) due
to the selective pressure on the pathogenic mi-
croorganisms.

Candida albicans was the most frequently
found species among all the isolates (66.7 %)
in our study. These data are related to coloni-
zation, but this species is also responsible for
38-70 % of IC cases (Colombo et al., 2006;
Kullberg and Arendrup, 2015; Antinori et al.,
2016; Ostrosky-Zeichner and Al-Obaidi,
2017; Pappas et al., 2018). This frequency
varies based on patient characteristics, the
state of the disease, and the geographic re-
gion. Our findings of C. glabrata and C. trop-
icalis in patient samples are also consistent
with infections caused by NAC, as these spe-
cies are among the five most frequently iso-
lated and reported worldwide.
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Tracheobronchial secretions contain vari-
ous microorganisms in planktonic form, usu-
ally with minor clinical impact. However, the
surface of the ET favors adherence of these
bacteria and fungi, which may organize them-
selves as a biofilm (Ferreira et al., 2016). As
shown in Figure 1, most patients with yeasts
present in the tracheobronchial secretion also
showed yeast colonization in the distal por-
tions of the ET (infra-cuff regions). Addition-
ally, as shown in Table 2, the same species
were found in both samples. In a recent study,
Ferreira et al. (2016) did not find differences
between the microorganisms isolated from
the tracheal aspirate and the extubated ET. It
is important to highlight that the methodolog-
ical protocol chosen in the present study was
standardized during a pilot study performed
previously. Thus, analyzing the yeasts in pure
cultures was only possible after washing the
ET in order to remove the microorganisms not
adhered to it. Then, following sonication, the
yeasts that were firmly adhered to the ET
were cultivated in selective medium (SDA)
and treated with a wide range of antibiotics to
provide pure cultures of yeasts.

As shown in Table 3, there were no differ-
ences in the responses of yeasts to antifungal
drugs: yeasts isolated both from the ET and
the tracheobronchial secretion were suscepti-
ble to amphotericin B and fluconazole. Thus,
yeasts disseminated throughout the secretion
were likely the same as those found in the ET.

Interestingly, all isolates were sensitive to
the tested antifungals, which are the most fre-
quently used agents in the hospital where the
study took place. Yeasts susceptible to am-
photericin B and isolated from ETs have al-
ready been reported by other authors (Mo-
drezewska et al., 2017; Baghdadi et al., 2016).
However, these same authors found a rela-
tively low rate of resistance to fluconazole in
these yeasts. Badiee et al. (2017) have also
found differences in the susceptibility of Can-
dida spp. to antifungals depending on whether
the yeasts were obtained from the microbiota
or from an infection, mainly in immunocom-
promised patients.

Scanning electron micrographs high-
lighted that the yeasts in biofilms, in blasto-
conidia shape, strongly adhered to the surface
of the ET removed from a patient (Figure 2A
and B). Indeed, the results lead to the conclu-
sion that Candida spp. show a high capacity
to form biofilms on abiotic surfaces such as
the ET. In this condition, the yeasts lie in a
matrix of polysaccharides, proteins, and other
components that protect the yeast against the
host’s immune system, as well as grant the
yeasts resistance to antibiotics (Douglas,
2003; Chandra et al., 2001). It is important to
highlight that this biofilm structure formed by
the yeasts occurred naturally on the ET sur-
face inserted in the respiratory tract. The bio-
film works as a reservoir for these microor-
ganisms, representing an important etiologi-
cal risk factor for pulmonary infections, due
to the dispersion effect that occurs in parts of
the biofilm, allowing translocation of these
agents to the lower airways (Fernandez-Barat
et al., 2012; Gil-Perotin et al., 2012; Bassi et
al., 2015; Meligy et al., 2015). Importantly,
yeasts detached from the biofilm have an in-
creased capacity of invasion (Uppuluri et al.,
2018) and thus pose a real risk of pulmonary
infection.

There is no consensus yet on the relevance
of laboratory findings of yeasts in the respira-
tory tract and their relationship with pulmo-
nary complications (Ricard and Roux, 2012).
However, there is evidence that Candida spp.
may be an offensive agent in ventilated pa-
tients hospitalized in the ICU, as this proce-
dure can facilitate clinical worsening. Thus,
the role of the fungal biofilm, possibly in
combination with bacteria, should not be ne-
glected (Pascale and Antonelli, 2014).

Even though we did not register any cases
of IC in the patients of this study and the high
death rate could not be associated with the
colonization found, our data provide im-
portant insights. Interestingly, our study in-
cluded critically ill patients, and the results re-
inforce the idea that it is still challenging to
identify individuals who may benefit from an-
tifungal prophylaxis and empirical treatment.
Patients with yeast colonization are usually
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exposed to many risk factors, and the fact that
yeasts were found in the infra-cuff regions of
the ET suggests the multiplication of these
predisposing factors.

Our study had a few limitations. Owing to
the short follow-up period, delineation aimed
at obtaining data regarding colonization dur-
ing the first hours of intubation was one limi-
tation. Possibly, observation over a longer pe-
riod may provide a better correlation between
colonization and outcome. A longer duration
of MV could also affect the data and possibly
lead to the observation of a greater frequency
of colonization, as well as a greater potential
for the development of IC. However, we also
have to consider that the approach taken in the
management of this type of patients is dy-
namic, and the conditions of critically ill pa-
tients may complicate the feasibility of a
longer follow-up. For instance, some of the
patients required tracheostomy and many of
them died; there were also other factors mak-
ing it difficult to follow patients over a longer
period. Another limitation of our study was
the small sample size. However, our results
serve as the first step in providing information
on this medical issue. Further research is war-
ranted to identify yeasts in secretions and in
the ET, and to characterize the biofilms. Fu-
ture studies could help in validating the pres-
ence of yeasts in the tracheobronchial secre-
tion as an essential surveillance parameter
among critically ill patients and help mini-
mize the risks of IC.

CONCLUSION

The results of the present study demon-
strated that the frequency of colonization by
yeasts in the tracheobronchial secretions of
patients intubated for 48 hours is high. More-
over, we found that the yeasts disseminated in
the secretions are similar to the ones found in
the infra-cuff region of the ET with regard to
the species, number of microorganisms, and
antifungal susceptibility profile. Therefore,
such colonization deserves attention, as it can
be an additional important risk factor for pul-
monary infections.
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