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Abstract Objective: Candida spp.
airway colonization could promote
development of ventilator-associated
pneumonia (VAP) caused by Pseu-
domonas aeruginosa, a potentially
multidrug-resistant (MDR) bacteria,
and worsen the outcome of VAP
regardless of pathogen. We therefore
address the question of the risk of
MDR bacteria isolation within the
airway of patients with suspected
VAP, whether Candida spp. is pres-
ent or not. Design and
setting: Prospective observational
study in a teaching hospital. Patients
and methods: Consecutive patients
with suspected VAP were included.
Respiratory tract secretions were
seeded on specific medium for yeast
isolation in addition to standard cul-
ture. Outcome as well as presence of
MDR bacteria were assessed accord-
ing to fungal colonization.
Results: 323 suspected VAP were
analysed. Among these, 181 (56 %)
cases presented with Candida spp.
airway colonization. Colonized and
noncolonized patients were similar
regarding baseline characteristics,
prior exposure to antibiotics and VAP

severity. However, mortality rate was
greater in patients with fungal airway
colonization than in those without
(44.2 versus 31.0 %, respectively;
p = 0.02). In addition, MDR bacteria
isolation was 31.5 % in patients with
Candida spp. colonization versus
23.2 % in those without (p = 0.13).
Moreover, Candida spp. airway col-
onization was one independent risk
factor for MDR bacteria isolation
[odds ratio (OR) = 1.79, 95 % con-
fidence interval 1.05–3.05; p = 0.03],
in addition to the time elapsed
between intensive care unit (ICU)
admission and VAP suspicion. Con-
clusions: In patients with suspected
VAP, Candida spp. airway coloniza-
tion is frequent and associated with
increased risk for MDR bacteria iso-
lation. This could worsen outcome
and should therefore be considered
when choosing an empiric antibiotic
therapy.
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Introduction

Ventilator-associated pneumonia (VAP) is a great matter
of concern in the ICU setting. Accordingly, although
VAP’s attributable mortality is still controversial, rates
reaching 33 % have been reported [1]. Inappropriate

initial antibiotic therapy is clearly associated with poor
outcome [2]. However, predicting the risk of difficult-to-
treat bacteria including multidrug-resistant (MDR)
pathogens is challenging in patients with clinically sus-
pected VAP. The American Thoracic Society guidelines
aim at avoiding inappropriate empiric treatment by
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promoting administration of broad-spectrum antibiotics
effective against Pseudomonas aeruginosa in any patient
with late-onset VAP or at least one risk factor for carrying
such difficult-to-treat pathogen [3].

While the diagnosis of Candida spp. pneumonia should
be abandoned in the ICU setting when immunocompetent
subjects are considered, fungal airway colonization is a
frequent finding in patients submitted to mechanical ven-
tilation (MV) [4–7]. A few retrospective studies have
shown that Candida might not be an innocent bystander
within the airway. Thus, colonization could promote VAP
development, especially if caused by P. aeruginosa, a
bacteria likely to become resistant to antimicrobial agents
[8]. In addition, retrospective analysis of the data from a
large clinical trial that excluded patients with VAP caused
by P. aeruginosa showed that higher mortality rates were
reported if respiratory secretions grew Candida spp. [9].
Notably, the authors did not consider the appropriateness
of the first-line antibiotic therapy. In addition, all these
studies were done retrospectively and airway secretion
cultures were not performed on specific fungal media,
which could have led to underestimation of yeast coloni-
zation [10]. In addition, taken together with recent
experimental data, these findings suggest that bacteria
other than P. aeruginosa could take advantage in the
presence of Candida albicans within the airway of patients
undergoing MV [11]. We hypothesized that the most
resistant species could be thus selected.

We therefore conducted a prospective observational
study, whose objective was to unravel the significance of
Candida spp. airway colonization in a large cohort of
patients with suspected VAP, with special emphasis on
survival in the ICU and the potential link with isolation of
MDR bacteria.

Methods

Study population

Every patient admitted to our ICU between January 2006
and the end of May 2010 was eligible if submitted to MV
for more than 48 h. Each patient with suspected VAP
according to physician clinical judgment was included by
one of the investigators (P.-E.C., J.-P.Q., S.P. or S.D.B.)
throughout the study period. Only the first episode of
VAP was considered. In accordance with French law, no
informed consent was required since all measurements
were part of routine management, as confirmed by our
local ethics committee.

Definitions

Bacteria were considered as MDR in the following
cases: (1) P. aeruginosa resistant to imipenem and/or

antipseudomonal penicillins and one aminoside and/or
ciprofloxacine, (2) Enterobacteriaceae if resistant to
third-generation cephalosporins and fluoroquinolone and/
or an aminoside, (3) Staphylococcus aureus if resistant to
oxacillin. Patients with negative tracheal aspirate cultures
were considered as free of MDR bacteria.

Ventilator-associated pneumonia was considered as
probable if the Clinical Pulmonary Infection Score (CPIS)
score was equal to or more than six points.

Data collection

Using a recording form, the ‘‘modified’’ Clinical Pul-
monary Infection Score (CPIS) was calculated as
previously described [12, 13]. Demographic data and the
usually reported risk factors for multidrug-resistant bac-
teria were also prospectively recorded (i.e. time elapsed
between VAP suspicion and ICU admission, previ-
ous hospitalization, exposure to antibiotics defined as
administration of at least a 2-day antibiotic course within
the past 30 days, nursing-home residency, underlying
chronic obstructive pulmonary disease). In addition,
procalcitonin (PCT) measurement was usually performed
in every patient with suspected sepsis as a reliable tool to
improve diagnosis and antimicrobial management [14].
Tracheal aspirate sampling was performed in every
patient within a 24-h period following the clinical suspi-
cion. Both bacteriological and mycological cultures on
specific media for yeast isolation were performed. Results
of bacterial cultures were used to calculate the ‘‘day 3
CPIS’’, since 1 point was added to the value obtained at
day 1 if at least 9106 colony-forming units (CFU)/mL
were recovered. One point was then added if the direct
examination showed the same germ. Finally, the patient
was classified as colonized by Candida spp. if airway
specimen culture was positive, regardless of the yeast
count.

VAP management

Antibiotic therapy management relied on guidelines
based on knowledge of the local susceptibility patterns
of the most frequently isolated bacteria, as well on the
clinical judgment of the attending physician. The first-
line treatment (i.e. the one delivered within the first 24 h
following clinical suspicion of VAP) was considered as
appropriate if the isolated pathogen(s) was (were) sus-
ceptible to at least one drug administered at onset of
sepsis according to the corresponding susceptibility
testing report. When no antibiotic was given within the
first 24 h of management, the treatment was considered
as inappropriate regardless of the subsequently isolated
pathogen.
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Statistical analysis

Values are expressed as mean ± standard deviation (SD)
unless otherwise stated. In a first set of analysis, patients
with suspected VAP were compared according to Can-
dida spp. airway colonization. Continuous variables were
compared using the Mann–Whitney U test. Categorical
variables were compared using the v2 test. We then
examined the independent contribution of factors that had
been associated with Candida spp. airway colonization
through univariate analysis. The candidate variables were
manually entered into a logistical regression model if the
associated regression coefficient had p value \0.20 on
univariate analysis, and then removed if a p value more
than 0.05 was obtained on multivariate analysis. The
validity of the model was assessed with the Hosmer–
Lemeshow test for goodness of fit.

In a second set of analyses, a survival study was
performed. Survival of patients regarding Candida spp.
airway colonization was analysed by construction of the

corresponding Kaplan–Meier curves compared by the
log-rank test. In addition, every variable associated with
death in the ICU on univariate analysis was then entered
into a logistical regression model using the same rule as
described above.

Finally, patients in whom a MDR bacteria was isolated
within the airway were compared with those without.
Univariate analysis was followed by construction of a
logistic regression model as described above.

A p value \0.05 was considered as statistically sig-
nificant for all analyses. STATA software was used for all
analyses (College Station, TX, USA).

Results

Patients’ characteristics

Between 1 January 2006 and 1 April 2010, 354 clinically
suspected VAP were recorded. Thirty-one episodes were

Table 1 Baseline characteristics, VAP episode description, microbiological data and outcome of the study patients according to airway
colonization with Candida spp.

Total (n = 323) C (n = 181) NC (n = 142) p

Age (years) 63.4 ± 15.2 64 ± 15.8 62.7 ± 14.2 0.44
SAPS II 50.2 ± 14.4 51.1 ± 14.6 48.9 ± 14 0.18
Gender (male %) 66.9 66.9 66.9 0.99
Hospitalization prior to ICU admission 63.2 63.5 62.7 0.97
COPD (%) 22.7 25 19.6 0.4
Nursing-home resident 4.4 6.3 1.9 0.17
Previous antibiotic administration (%) 81.1 83.4 78.2 0.29
Time elapsed between ICU admission

and VAP suspicion (D1) (days)
15.3 ± 15.8 14.4 ± 15.1 16.5 ± 16.7 0.23

Time elapsed between MV onset and
VAP suspicion (D1) (days)

14.6 ± 16 13.8 ± 15.3 15.7 ± 16.7 0.27

CPIS D1 5.1 ± 1.8 5.1 ± 1.8 5.1 ± 1.8 0.82
CPIS D3 6.3 ± 2 6.3 ± 2 6.3 ± 2.1 0.99
‘‘Confirmed’’ VAP (CPIS D3 C6) (%) 63.5 65.7 60.5 0.4
PCT D1a 4 ± 10.5 4.7 ± 12.3 3.1 ± 7.6 0.24
Septic shock (D1) (%) 28.2 30.4 25.4 0.38
Isolated bacteria within the airway (%)
Negative cultures 32.2 32 32.4 0.99
Enterobacteriaceae 25.1 28.2 21.1 0.19
Pseudomonas aeruginosa 16.7 17.7 15.5 0.71
Staphylococcus aureus 13.3 12.7 14.1 0.84
Other GNB 5.3 5 5.6 0.99
Other GP 6.8 3.9 10.8 0.03

Appropriate antibiotic therapy (%) 72.1 73.3 73 0.99
Isolation of MDR bacteria within the airway (%) 27.9 31.5 23.2 0.13
Length of ICU stay (days) 34.1 ± 27.8 33.8 ± 28.3 34.4 ± 27.1 0.85
Duration of MV (days) 24.3 ± 19.4 23.7 ± 19.1 25.2 ± 19.7 0.48
Ventilator-free days 10.8 ± 18.3 11.5 ± 19.8 10 ± 16.2 0.47
ICU mortality (%) 38.4 44.2 31 0.02

ICU intensive care unit, SAPS II Simplified Acute Physiologic
Score II, C colonized, NC not colonized, COPD chronic obstructive
pulmonary disease, CPIS Clinical Pulmonary Infection Score, GNB
Gram-negative bacilli, GP Gram-positive, MV mechanical venti-
lation, PCT procalcitonin, VAP ventilator-associated pneumonia,
MDR multidrug resistant

a PCT was missing in 61 patients from the whole cohort, including
35 (19.3 %) with and 26 (18.3 %) without Candida spp. airway
colonization
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excluded because of missing data (i.e. no culture on spe-
cific medium for yeast isolation available). The remaining
323 were kept for final analysis. The main baseline char-
acteristics of the included patients are presented in
Table 1. It is worth noting that the excluded patients were
not different from the analysed ones regarding baseline
characteristics but presented more frequently with septic
shock and had worse outcome (data not shown).

Among the included patients, Candida spp. airway
colonization was found in 181 cases (56 %). C. albicans
was the most frequently isolated yeast (56 %) (Fig. 1).
The baseline characteristics including demographic data
and severity score on admission were not different
between the two groups (i.e. colonized and not colonized
by Candida spp.).

Description of suspected VAP episodes

Among the 323 recorded suspected VAP episodes,
63.5 % were considered as probable according to the
CPIS calculation. Those cases were equally distributed
between colonized and noncolonized patients (65.7 versus
60.5 %, respectively; p = 0.40). A positive bacterial
culture was obtained in around two-thirds of the cases of
clinically suspected VAP in each group. Enterobacteria-
ceae were the most frequently (25.1 %) isolated pathogen
when the whole population was considered (Table 1).
This proportion reached 28.2 % in the colonized patients
and 21.1 % in the patients without Candida spp. airway
colonization (p = 0.19). Gram-positive bacteria other
than S. aureus were more frequently encountered in the
noncolonized patients (10.8 versus 3.9 %, respectively;
p = 0.03). However, it is worth noting that P. aeruginosa

was found in the same proportions in both groups (17.7
versus 15.5 %, respectively; p = 0.71).

Notably, the isolation of MDR bacteria as defined
above was 31.5 % in the patients with concomitant
Candida spp. airway colonization and 23.2 % in those
without (p = 0.13). The rate of appropriate first-line
antibiotic therapy was similar in the two groups (73.3
versus 73.0 %; p = 0.99).

Regarding the severity of the suspected VAP, the
colonized patients were not found to be different from the
noncolonized ones, since the occurrence of shock (30.4
versus 25.4 %, respectively; p = 0.38) on day 1 was
similar, as were the CPIS values (i.e. both day 1 and
day 3 values), whose prognosis value has been shown
previously [15]. Similar conclusions can be drawn from
the PCT measurements obtained on day 1, since no sig-
nificant difference could be demonstrated (4.7 ± 12.3
versus 3.1 ± 7.6 ng/mL, in colonized and noncolonized
patients, respectively; p = 0.24) [16].

Survival analysis

Despite such apparent comparable severity of the disease
as well as underlying condition, the ICU mortality of the
patients with VAP was found to be significantly greater if
Candida spp. airway colonization occurred (44.2 versus
31.0 %, respectively; p = 0.02; Table 2). A time-depen-
dent mortality analysis was also conducted. First, a
Kaplan–Meier curve was constructed and confirmed our
previous findings, although the log-rank test result was at
our limit of statistical significance (p = 0.05) (Fig. 2).

In addition, Candida spp. airway colonization was found
to be an independent predictor of death [odds ratio 1.721;
95 % confidence interval (CI) 1.054–2.810; p = 0.030] in
addition to age and SAPS II value (Table 3).

Candida albicans
56%

Candida glabrata
15%

Candida krusei
7%

Candida kefyr
4%

Candida parapsilosis
6%

Candida tropicalis
6%

misc.
6%

Fig. 1 Candida species distribution among the yeasts isolated from
tracheal aspirates culture in patients with clinically suspected VAP.
VAP ventilator-associated pneumonia

0

0,2

0,4

0,6

0,8

1

0 10 20 30 40 50 60 70 80

Fig. 2 Survival analysis of patients with clinically suspected VAP
according to airway colonization with Candida spp. (C, black line;
NC, grey line) (log-rank test: p = 0.05). VAP ventilator-associated
pneumonia, C colonized, NC not colonized
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Of note, no correlation was found between Candida
spp. airway colonization density and outcome (data not
shown).

Candida spp. airway colonization as a risk factor
for isolation of MDR bacteria

We examined thereafter in our population of patients with
clinically suspected VAP the potential link between
Candida spp. airway colonization and isolation of MDR
bacteria. Almost one-third of the included patients
(27.9 %) had a tracheal aspirate culture positive for MDR

bacteria. First, patients with MDR were compared with
those without using univariate analysis (Table 4). As
expected, MDR bacteria were far more likely in patients
with hospitalization prior to ICU admission, in those with
previous antibiotic exposure as well as in those with
prolonged ICU stay or MV duration before clinical sus-
picion of VAP.

Obviously, antibiotic resistance was mostly encountered
among Gram-negative bacilli including Enterobacteriaceae
and P. aeruginosa (41.1 and 35.6 % of MDR strains,
respectively).

Candida spp. airway colonization was found in
63.3 % of the patients harbouring MDR pathogens and in
53.2 % of the others (p = 0.13). However, it is worth
noting that the MDR isolation rate was the same, whether
Candida spp. airway colonization was high (i.e. more
than 9103 CFU/L) or low. Likewise, among the colonized
patients, the proportion of Candida albicans was the same
regardless of MDR bacteria isolation (not shown).

In addition, unexpectedly, the suspected VAP episodes
could be considered as less severe when MDR bacteria
were isolated, since CPIS day 1 value was lower (4.8 ±
1.9 versus 5.2 ± 1.7; p = 0.04). As expected, the rate of
appropriate first-line antibiotic therapy was significantly

Table 2 Baseline characteristics, VAP episode description and microbiological data of the study patients according to outcome

Survivors
(n = 199)

Non-survivors
(n = 124)

p

Age (years) 60.0 ± 15.6 69.0 ± 12.6 \0.01
SAPS II 47.5 ± 14.1 54.6 ± 13.7 \0.01
Gender (male %) 67.8 65.3 0.73
Hospitalization prior to ICU admission (%) 61.8 65.3 0.6
COPD (%) 26.8 16.3 0.08
Nursing-home resident (%) 5.9 2 0.25
Previous antibiotic administration (%) 78.4 85.5 0.15
Time elapsed between ICU admission

and VAP suspicion (D1) (days)
14.7 ± 15.8 16. ± 15.9 0.35

Time elapsed between MV onset
and VAP suspicion (D1) (days)

14.3 ± 16 15.1 ± 15.9 0.68

CPIS D1 4.8 ± 1.9 4.9 ± 1.6 0.08
CPIS D3 6.5 ± 2.1 6 ± 1.9 0.05
‘‘Confirmed’’ VAP (CPIS D3 C6) (%) 66.3 58.9 0.22
PCT D1 (ng/mL)a 3.6 ± 11.5 4.5 ± 8.9 0.51
Septic shock (D1) (%) 22.1 37.9 \0.01
Isolated bacteria within the airway (%)
Negative cultures 31.2 33.9 0.7
Enterobacteriaceae 26.6 22.9 0.49
Pseudomonas aeruginosa 16.1 17.7 0.81
Staphylococcus aureus 15.1 10.5 0.31
Other GP 4.5 10.5 0.07
Other GNB 6 4 0.6

Candida spp. airway colonization (%) 50.8 64.5 0.02
Appropriate antibiotic therapy (%) 73.8 71.3 0.73
Isolation of MDR bacteria within the airway (%) 27.6 28.2 0.99

ICU intensive care unit, SAPS II Simplified Acute Physiologic
Score II, COPD chronic obstructive pulmonary disease, CPIS
Clinical Pulmonary Infection Score, GNB Gram-negative
bacilli, GP Gram-positive, MV mechanical ventilation, PCT

procalcitonin, VAP ventilator-associated pneumonia, MDR mul-
tidrug resistant
a PCT was missing in 61 patients from the whole cohort, including
42 (19.3 %) survivors and 19 (15.3 %) non-survivors

Table 3 Independent predictors of death in patients with clinically
suspected VAP

Odds ratio 95 % CI p

Candida spp. airway
colonization

1.72 1.05–2.81 0.03

Age (years-old) 1.04 1.02–1.05 \0.01
SAPS II 1.03 1.01–1.05 \0.01

CI confidence interval, SAPS II Simplified Acute Physiologic
Score II
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lower in the MDR group (46.7 versus 83.8 %; p \ 0.01).
ICU mortality was however similar in the two groups
(38.9 versus 38.2 %, respectively; p = 0.99).

In an attempt to delineate the role of each risk factor
for MDR bacteria isolation, we performed multivariate
analysis based on a logistic regression model as described
in the ‘‘Methods’’ section. Surprisingly, the only inde-
pendent predictors of MDR isolation in our model were
the time elapsed between ICU admission and VAP sus-
picion [odds ratio (OR) = 1.04; 95 % confidence interval
(CI) 1.02–1.06; p \ 0.001] and Candida spp. airway

colonization [OR = 1.79; 95 % CI 1.05–3.05; p = 0.03]
(Table 5).

Discussion

We report herein that Candida spp. airway colonization is
a frequent finding in patients with clinically suspected
VAP. Moreover, we show that it is an independent pre-
dictor of death in these patients. In addition, to the best of

Table 4 Baseline characteristics, VAP episode description, microbiological data and outcome of study patients according to MDR
isolation within the airway

MDR?
(n = 90)

MDR–
(n = 233)

p

Age (years) 64.8 ± 13 62.9 ± 15.9 0.3
SAPS II 48.9 ± 14.6 50.6 ± 14.3 0.3
Gender (male %) 63.3 68.2 0.48
Hospitalization prior to ICU admission 72.2 59.7 0.05
COPD 29.2 20 0.16
Nursing-home resident 1.4 5.6 0.25
Previous antibiotic administration (%) 94.4 76 \0.01
Time elapsed between ICU admission

and VAP suspicion (D1) (days)
22.6 ± 20.5 12.6 ± 12.6 \0.01

Time elapsed between MV onset
and VAP suspicion (D1) (days)

21.1 ± 20.7 12.1 ± 12.8 \0.01

CPIS D1 4.8 ± 1.9 5.2 ± 1.7 0.04
CPIS D3 6.4 ± 1.8 6.2 ± 2.1 0.5
‘‘Confirmed’’ VAP (CPIS D3 C6) (%) 65.5 62.6 0.72
PCT D1a 4.2 ± 10.1 3.9 ± 10.7 0.8
Septic shock (D1) (%) 22.2 30.5 0.18
Isolated bacteria within the airway (%)
Enterobacteriaceae 41.1 18.9 \0.01
Pseudomonas aeruginosa 35.6 9.4 \0.01
Staphylococcus aureus 14.4 12.9 0.85
Other GP 0 9.4 \0.01
Other GNB 8.9 3.9 0.12

Candida spp. airway colonization (%) 63.3 53.2 0.13
Appropriate antibiotic therapy (%) 46.7 83.8 \0.01
Length of ICU stay (days) 45.6 ± 32.3 29.4 ± 24.3 \0.01
Duration of MV (days) 29.8 ± 21.1 21.9 ± 17.9 \0.01
ICU mortality (%) 38.9 38.2 0.99

ICU intensive care unit, MDR multidrug resistant, SAPS II Sim-
plified Acute Physiologic Score II, C colonized, NC not colonized,
CPIS Clinical Pulmonary Infection Score, COPD chronic
obstructive pulmonary disease, GNB Gram-negative bacilli, GP

Gram-positive, MV mechanical ventilation, PCT procalcitonin,
VAP ventilator-associated pneumonia
a PCT was missing in 61 patients from the whole cohort, including
17 (18.9 %) with and 44 (18.9 %) without MDR bacteria isolation

Table 5 Independent predictors of MDR bacteria isolation within the airway of patients with clinically suspected VAP

Odds ratio 95 % CI p

Time elapsed between ICU admission and VAP suspicion 1.04 1.02–1.06 \0.01
Candida spp. airway colonization 1.79 1.05–3.05 0.03

ICU intensive care unit, VAP ventilator-associated pneumonia, CI confidence interval
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our knowledge, we report for the first time that isolation
of MDR bacteria within their airway could be more likely
if Candida spp. is present.

It has been shown previously that Candida spp. airway
colonization was associated with the risk of developing
P. aeruginosa VAP [8]. Similarly, a case–control study
has shown that antifungal therapy was likely to prevent
such event in one ICU [17]. In addition, a growing body
of evidence supports the strong interplay between
C. albicans and P. aeruginosa when coexisting within a
biofilm environment such as the endotracheal tube or the
airway. Finally, defences against P. aeruginosa are
altered if the lung has been previously exposed to yeast in
a rat model [11]. Altogether, these data emphasize the
relationship between Candida spp. airway colonization
and P. aeruginosa VAP and provide plausible patho-
physiological explanations. However, our results suggest
that, beyond P. aeruginosa per se, antibiotic-resistant
bacterial strains rather than a single pathogen are more
likely to arise from the airway of patients with fungal
colonization than from those without. Accordingly it has
been shown that S. aureus could acquire one resistant
phenotype when growing within mixed culture with
Candida spp. [18]. Actually, it is known that biofilm-
embedded bacteria are more prone to develop antibiotic-
resistant patterns [19]. In addition, the presence of yeast
prior to airway bacterial challenge in the rat model of
pneumonia described above is likely to promote lung
growth of bacteria other than P. aeruginosa, i.e. S. aureus
and Escherichia coli [11, 20]. Altogether, these findings
suggest that presence of Candida spp. within the respi-
ratory tract facilitates bacterial growth and thereby
pneumonia development. Biofilm formation resulting
from interactions between the two pathogens could allow
bacteria to escape from host immunity as well as anti-
microbial agents [21, 22]. This could result in selection of
resistant strains and local immunity impairment, leading
to treatment failure and worse outcome. Accordingly, as
expected, the rate of inappropriate first-line antibiotic
therapy was greater if MDR bacteria caused VAP. We
failed, however, to demonstrate any relationship between
isolation of MDR and outcome. The lower severity of the
disease in the group of patients with MDR bacteria could
account for this discrepant finding.

The significance of Candida spp. airway colonization
is, however, difficult to determine, since it is frequently
associated with multifocal colonization, i.e. growth of
yeasts elsewhere on the body surface [6, 23]. Accord-
ingly, one cannot exclude that the worse outcome of our
patients with clinically suspected VAP and Candida spp.
within the airway is related to development of invasive

candidiasis, since multifocal colonization is considered as
a major risk factor. It is, however, worth noting that no
candidaemia was diagnosed among the patients in our
cohort. In addition, since gut colonization frequently
develops prior to airway colonization, presence of Can-
dida spp. within tracheal aspirate cultures is rarely an
isolated finding. Moreover, it has been previously found
in large series of patients that occurrence of invasive
candidiasis was poorly predicted by presence of yeast
within the respiratory tract, since a positive predictive
value of 8 % and relative risk of 1.55 [(0.89–2.72);
p = 0.119] have been published [6, 23, 24]. We cannot,
however, definitively conclude about this point, since
fungal culture from multiple sites was not performed in
every patient.

Finally, although PCT levels were found to be greater
in colonized patients than in the others on the day VAP
was clinically suspected, we failed to demonstrate any
statistically significant difference. It is therefore hazard-
ous to postulate that colonizing Candida spp. within the
respiratory tract could generate systemic inflammation
and in turn worsen outcome as suggested elsewhere [25].

Some limitations of our study should be mentioned. It
is a single-centre study, and any extrapolation to other
ICUs is hazardous. In addition, since we cannot exclude
potential but not analysed confounder variables, any
causality link between Candida spp. airway colonization,
outcome and MDR bacteria isolation should be drawn
very cautiously. Finally, since colonization was not
assessed routinely before VAP occurred, no temporal
relationship between fungal growth and resistant patho-
gen selection can be concluded.

Conclusions

Candida spp. is frequently retrieved in patients with
clinically suspected VAP. This could account for their
worse outcome and add some new data to the growing
body of evidence supporting the deleterious effect of
yeasts in this setting. However, only a clinical trial
assessing the impact of antifungal drugs in such patients
would be able to answer this issue. The possible increased
risk of MDR bacteria isolation from the respiratory tract
culture in the presence of yeast remains unexplained.
Further studies are therefore needed to confirm our find-
ings and to determine the extent to which Candida spp.
airway colonization should be considered when selecting
an empiric antibiotic treatment for VAP.
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