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Ventilator-associated pneumonia (VAP) is a common problem in 
intensive care unit (ICU) patients, with various studies reporting 

rates of 10% to 65% (1-9). In the recent Canadian VAP study (10), no 
bacterial pathogen was identified in 33.3% of enrollment cultures in 
patients with a clinical suspicion of VAP (CSVAP). Other studies of 
CSVAP demonstrated ‘culture-negative’ VAP rates of 7.5% to 54.6% 
(11-13). In a retrospective analysis of the Canadian VAP trial (14), 
patients with culture-negative CSVAP exhibited longer durations of 
mechanical ventilation (MV) and ICU stay, and higher ICU and hos-
pital mortality rates compared with patients harbouring a bacterial 
pathogen identified in respiratory tract (RT) secretions. These obser-
vations suggest that the absence of a treatable bacterial pathogen may 
be associated with increased attributable morbidity and mortality com-
pared with culture-positive VAP.

Candida species are frequently recovered from RT secretions in 
mechanically ventilated nonimmunocompromised ICU patients, 
reaching 75.3% in a cohort of patients staying a median of 17 days in 
the ICU (15). Historically, these have been considered not to be 
pathogenic (16-22); however, recent studies have questioned this 
assumption (23). In a secondary analysis of the Canadian VAP trial 
(24), we found a significant association between the presence of 
Candida species in the RT and hospital mortality.

We hypothesized that the presence of Candida species in RT secre-
tions may explain the excess morbidity and mortality seen in patients 
with culture-negative VAP. Thus, the primary objective of the present 
study was to compare hospital mortality and time to discharge from 
hospital between patients with and without the presence of Candida 
species in RT culture specimen in patients with CSVAP in which no 
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BACkgRounD: The significance of Candida species in respiratory tract 
(RT) secretions in critically ill patients is unclear.
MethoDS: A retrospective analysis of the Canadian ventilator-associated 
pneumonia (VAP) trial was conducted. Only patients with suspected VAP 
whose initial cultures failed to grow any known pathogens were included. 
Using two fundamentally different statistical techniques that adjusted for 
important confounding variables, the clinical outcomes of patients with 
Candida species recovered from RT cultures were compared with patients 
whose RT cultures were not positive for Candida species.
ReSultS: RT cultures yielded no identifiable bacterial pathogens in 
274 patients; 68 patients had Candida species in the RT alone, while 
206 patients did not have Candida species recovered from any site. The 
unadjusted OR of hospital mortality for patients with Candida species was 
2.9 (95% CI 1.6 to 5.2; P<0.001). The hazard ratio of time to hospital dis-
charge was 0.54 (95% CI 0.38 to 0.77; P=0.001). Logistic regression analy-
sis demonstrated that age, Acute Physiology score and Chronic Health 
Evaluation (APACHE) II score, primary diagnosis of respiratory failure, 
two or more comorbidities and Candida species were independently associated 
with increased hospital mortality. Similar trends were observed with time to 
hospital discharge. The association between Candida species and increased 
mortality remained after controlling for potential confounders using both 
propensity score stratification and multivariable modelling approaches.
ConCluSIonS: Patients with suspected VAP, in whom no bacterial 
pathogen was identified and in whom Candida species were isolated from 
RT cultures, exhibited a greater burden of illness compared with similar 
patients without Candida. Whether Candida species colonization of RT 
secretions is a marker of disease severity or actually contributes to poorer 
clinical outcomes remains unclear.
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les effets des espèces de Candida sur les issues cliniques 
des patients ayant une pneumonie qu’on présume être 
associée au respirateur 

hIStoRIQue : On ne connaît pas la signification de la présence 
d’espèces de Candida dans les sécrétions des voies respiratoires (VR) de 
patients gravement malades.
MÉthoDologIe : Les chercheurs ont procédé à l’analyse rétrospective 
d’un essai canadien sur les pneumonies associées au respirateur (PAR). 
Seuls les patients ayant une PAR présumée dont la première culture ne 
comportait aucun pathogène connu y participaient. Au moyen de deux 
techniques statistiques fondamentalement différentes, rajustées pour tenir 
compte de variables confusionnelles importantes, ils ont comparé les issues 
cliniques de patients chez qui des espèces de Candida avaient été prélevées 
dans les cultures des VR à celles de patients dont les cultures des VR 
n’étaient pas positives aux espèces de Candida.
RÉSultAtS : Les cultures des VR n’ont produit aucun pathogène bacté-
rien identifiable chez 274 patients; 68 patients présentaient des espèces de 
Candida seulement dans les VR, tandis que chez 206 patients, aucune 
espèce de Candida n’avait été prélevée dans l’un ou l’autre des foyers. Le 
risque relatif non rajusté de mortalité hospitalière chez les patients 
présentant des espèces de Candida était de 2,9 (95 % IC 1,6 à 5,2; P<0,001). 
Le rapport de risque du délai jusqu’au congé hospitalier correspondait à 
0,54 (95 % IC 0,38 à 0,77; P=0,001). L’analyse de régression logistique a 
démontré que l’âge, l’indice de physiologie aiguë et l’évaluation de santé 
chronique (APACHE), le diagnostic primaire d’insuffisance respiratoire, 
deux comorbidités ou plus et les espèces de Candida étaient indépendam-
ment associées à une mortalité hospitalière accrue. Les chercheurs ont 
observé des tendances similaires du délai jusqu’au congé hospitalier. 
L’association entre les espèces de Candida et une mortalité accrue est 
demeurée après avoir contrôlé les variables confusionnelles potentielles au 
moyen de la stratification des indices de propension et des démarches de 
modélisation multivariables.
ConCluSIonS : Les patients chez qui on présume une PAR, chez qui on 
n’a repéré aucun pathogène et chez qui les espèces de Candida ont été isolées 
des cultures des VR ont présenté un plus grand fardeau de maladie que les 
patients similaires sans Candida. On ne sait pas si les colonisations des 
espèces de Candida dans les sécrétions des VR sont un marqueur de gravité de 
la maladie ou contribuent plutôt à de moins bonnes issues cliniques.
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bacterial pathogen was isolated. We performed a multivariable analysis 
and a propensity analysis to control for potential confounding vari-
ables to determine the overall effect of Candida species in the lung on 
clinical outcomes.

MethoDS
Design
A retrospective exploratory analysis was conducted on a subset of 
patients from the Canadian randomized, multicentre VAP trial (10). 
The complete study design and results of the trial have been published 
elsewhere (25).

Population
Adult patients were included in the VAP trial if they were admitted to 
an ICU for longer than 96 h, were mechanically ventilated for longer 
than 48 h and if they fulfilled criteria for a CSVAP, which had to be met 
within 48 h of enrollment. Immunocompromised patients, defined as 
postorgan transplantation, HIV or neutropenic (less than 1000 abso-
lute neutrophils) patients, or those receiving corticosteroids (more 
than 20 mg/day of prednisone or equivalent) for more than six months, 
were excluded, as were patients infected or colonized with Pseudomonas 
species or methicillin-resistant Staphylococcus aureus (refer to reference 
10 for the complete list of exclusion criteria and definitions of CSVAP). 
Enrolled patients were randomly assigned to either endotracheal aspira-
tion or bronchoaveolar lavage, and either monotherapy or combination 
therapy.

Patients enrolled in the present VAP study were identified retro-
spectively, and harboured no identifiable bacterial pathogens in their 
RT secretions on enrollment day. Patients with known bacterial 
pathogens were excluded. Coagulase-negative Staphylococci, Bacteroides 
species and Clostridium species were not considered pathogens in RT 
secretions. Patients with ‘mixed flora’ or ‘common flora’ were also 
included. Subjects were divided in two groups according to whether 
Candida species were retrieved from any RT culture (endotracheal 
aspirate or bronchoalveolar lavage) on enrollment day (Candida 
group) or not (non-Candida group). Patients with positive Candida 
species culture from any site other than the RT on enrollment day or 
positive Candida species culture from any site in the seven-day period 
before enrollment were excluded.

Data collection
Demographic data were collected on enrollment in the VAP trial. 
Culture results from all sites and antibiotic use for the seven days 
before enrollment and throughout the study period were recorded. The 
outcome measures of hospital length of stay and mortality were 
recorded.

Statistical analysis
Hospital mortality and time to discharge alive from hospital were 
defined a priori as the two primary outcomes of the present analysis. 
The association between these outcomes and the presence of Candida 
species was assessed before adjustment for baseline characteristics, 
and after adjustment by both the traditional multivariable modelling 
approach and the propensity score method. While traditional multi-
variable modelling reduced confounding bias by controlling for vari-
ables associated with outcome, the propensity score approach reduced 
confounding bias by balancing variables associated with Candida 
colonization. Statistical analysis was performed using SAS version 
9.1 (SAS Institute Inc, USA).

Categorical variables were described as counts and percentages and 
compared using the c2 test, except for the mortality variables, which 
were compared between Candida groups by unadjusted ORs using 
Fisher’s exact test. Time from randomization to MV discontinuation, 
ICU discharge and hospital discharge were described by Kaplan-Meier 
estimates of the median and quartiles. The hazard ratio of these events 
was estimated by the Cox proportional hazards model and was tested 

by the log-rank test. Patients who died before or within 24 h of these 
events were considered to have never successfully reached them and, 
were thus, censored after the end of follow-up. This censoring strategy 
produced essentially the same estimates as treating death as a compet-
ing risk. Other continuous variables were described as either means 
with SDs and compared using the t test or, if they were substantially 
skewed, as medians with quartiles and compared using the Wilcoxon-
Mann-Whitney test.

Logistic regression and the Cox proportional hazards model were 
used to compare the primary outcomes between Candida groups after 
adjusting for all baseline variables independently associated with mor-
tality at P<0.1 (Table 1). For continuous predictors, the linear term 
was augmented with two nonlinear terms as defined by a restricted 
cubic spline with three knots if the addition of the nonlinear terms 
significantly (ie, P<0.1) improved the model fit (26). This approach 
ensured that confounding variables were adequately controlled for 
even if they were not linearly related to the outcome. Furthermore, 
interactions between Candida groups and all baseline variables were 
tested to ensure adequate control in the presence of effect modifica-
tion. All covariates, including nonlinear and interaction terms, were 
offered as candidate covariates to stepwise selection with an entry 
and exit criteria of P<0.1. The area under the ROC curve (AUC) of 
0.86 and the Hosmer-Lemeshow test (P=0.10) suggested a good fit of 
the logistic model (27). The proportional hazards assumption of the 
Cox proportional hazards model was confirmed by examining the 
log-log survival curves and the Schoenfeld residuals, and by testing 
for a time-dependent interaction between Candida and the log of 
time (28).

Given the relatively small sample size and extensive list of baseline 
covariates, it was decided a priori to verify the previous analyses using 
the propensity score approach because this approach does not rely on 
the number of events being large compared with the number of covari-
ates (29). The probability of being in the Candida group (propensity 
score) was estimated by a logistic regression model including all base-
line characteristics (12 parameters), their first-order interactions 
(seven parameters) and nonlinear terms (two parameters) retained by 
backward stepwise selection with entry and exit criteria of P<0.2. This 
propensity model achieved an area under the ROC curve of 0.85 and 
the Hosmer-Lemeshow test (P=0.77), thereby suggesting a good fit 
to the data. Seventy-four patients with a propensity score below 
0.042 were excluded (all non-Candida) as were the eight patients with 
a propensity score above 0.9 (all Candida) because at these extreme 
ranges of propensity, there were no comparable patients from the other 
groups. Thus, the propensity score analysis was based on 192 patients, 
of whom 53 (28%) died in hospital. Included patients were then strati-
fied into quintiles based on their propensity score such that the 20% of 
patients with the lowest probability of having Candida species accord-
ing to their covariate profile were stratified to quintile 1, and the 20% 
with the highest probability of having Candida species were stratified 
to quintile 5. The first and second quintiles were collapsed into a sin-
gle stratum due to the paucity of Candida patients (five and seven, 
respectively) and the equivalence of mortality rates in these quintiles. 
Baseline patient characteristics were subsequently confirmed to ensure 
that they were well balanced between Candida groups within each 
quintile and overall after stratifying according to quintile. Thus, the 
analysis was stratified according to propensity quintile to eliminate 
confounding due to group differences in baseline covariates. Hospital 
mortality and time to hospital discharge were compared between 
Candida groups using the Mantel-Haenszel test and Cox proportional 
hazards model, and each were stratified according to propensity quin-
tile. No interaction (effect modification) between the Candida effect 
and the propensity quintile was confirmed using the the Breslow-Day 
test for hospital mortality and by a likelihood ratio test for the time to 
hospital discharge. Finally, the multivariable logistic regression and 
Cox proportional hazards models were re-estimated after stratifying for 
(conditioning on) propensity quintile.
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ReSultS
The VAP study included 740 patients, with exclusions detailed in 
Figure 1. The final cohort for the present analysis consisted of 274 patients 
with negative bacterial enrollment cultures: 68 patients had Candida 
species confined to the RT alone, while 206 patients were included in 
the non-Candida group.

Patients with and without Candida species in RT secretions are 
compared in Table 1. Antibiotic exposure in the three days before 
enrollment was more frequent in the Candida group (91.2% versus 
69.4%; P<0.001). A greater proportion of Candida patients required 
vasopressors or inotropes (36.8% versus 18.4%; P=0.002) and had a 
clinical pulmonary infection score of 5 or higher (63.2% versus 48.1%; 
P=0.03). In the unadjusted analysis, patients with Candida species 
experienced significantly higher mortality rates (Table 2) and longer 
times from study enrollment to extubation, ICU and hospital dis-
charge (Table 3).

In the adjusted analysis, age, Acute Physiology and Chronic Health 
Evaluation II score, primary diagnosis of respiratory failure, two or more 
comorbidities and Candida species were independently associated with 
increased hospital mortality (Table 4). A significant synergistic inter-
action between Candida species and two or more comorbidities was 
identified (P=0.035) such that the association between Candida and 
mortality was primarily observed in patients with two or more comor-
bidities (Table 4). The same signals were observed with time to hospi-
tal discharge (Table 5).

The above observations were confirmed using a propensity score 
approach to simultaneously balance all baseline patient characteristics 
between the Candida and non-Candida groups. Patient characteristics 
were well balanced between Candida groups within propensity strata 
and, after propensity stratification, no significant differences in base-
line characteristics remained between patients with and without 
Candida species (adjusted P value in Table 1).

The OR of hospital mortality for Candida species in the lung, 
after stratifying for propensity quintile, was 2.5 (95% CI 1.2 to 
5.1; P=0.0093) while the stratified hazard ratio for time to hospital 

740 Randomized Patients

466 Excluded  
1     Withdrew consent 2 days
       after randomization
100 Had Candida sp. isolated
       from sites other than the airway
       before or on enrollment day
365 Had enrollment cultures
       positive for bacterial pathogens 

 
274 with enrollment cultures negative

for Bacterial pathogens 

68 with Positive Respiratory 
Candida Cultures  
(used in primary analysis) 

206 without Positive 
Respiratory Candida Cultures  
(used in primary analysis) 

60 with Positive Respiratory 
Candida Cultures  
(used in propensity score 
stratified analysis) 

132 without Positive 
Respiratory Candida Cultures  
(used in propensity score 
stratified analysis) 

8 Excluded due to 
high propensity 
scores 

 74 Excluded due to 
low propensity 
scores 

TAble 1
baseline characteristics of patients with and without 
Candida species in respiratory tract secretions among 
patients with negative bacterial enrollment cultures

baseline characteristics
Candida 
(n=68)

Non-
Candida 
(n=206) P

Stratified 
P*

Age, years 60.1±16.3 60.4±17.9 0.88 0.13
Sex, male, n (%) 40 (58.8) 144 (69.9) 0.09 0.83
Comorbidities, n 1.6±1.1 1.5±1.1 0.67 0.39
Number of comorbidities, n (%)   0.67 0.79
   0 15 (22.1) 51 (24.8)
   1 17 (25.0) 55 (26.7)
   2 17 (25.0) 42 (20.4)
   ≥3 19 (27.9) 58 (28.2)
Primary admission diagnosis, n (%)   0.64 0.95
   Neurological disease 5 (7.4) 24 (11.7)
   Sepsis 4 (5.9) 9 (4.4)
   Trauma 12 (17.6) 46 (22.3)
   Respiratory failure 20 (29.4) 44 (21.4)
   Cardiovascular 18 (26.5) 47 (22.8)
   Gastrointestinal 6 (8.8) 20 (9.7)
   Other 3 (4.4) 16 (7.8)
Admission category, n (%)   0.60 0.73
   Medical 44 (64.7) 126 (61.2)
   Surgical 24 (35.3) 80 (38.8)
Duration of MV before  

randomization, days  
(median [Q1, Q3])

6.7 (4.6, 9.4) 6.0 (4.8, 8.1) 0.48 0.36

Duration of ICU stay before 
randomization, days  
(median [Q1, Q3])

6.9 (5.1, 10.8) 6.0 (4.8, 7.8) 0.07 0.31

At least one positive respiratory 
culture in previous 7 days, n (%)  

11 (16.2) 50 (24.3) 0.16 0.28

Antibiotic exposure in previous  
3 days, n (%)  

62 (91.2) 143 (69.4) <0.001 0.70

APACHE II score  
(median [Q1, Q3])†

21.0  
(16.0, 25.0)

20.0  
(16.0, 25.0) 

0.96 0.57

MOD score (median [Q1, Q3])† 6.0 (4.0, 8.0) 5.0 (4.0, 7.0) 0.32 0.85
CPIS (median [Q1, Q3]) 5.0 (3.5, 5.0) 4.0 (3.0, 5.0) 0.31 0.82
CPIS ≥5, n (%) 43 (63.2) 99 (48.1) 0.03 0.96
Individual signs of pneumonia
   Temperature, °C 37.9±0.7 37.8±0.8 0.58 0.67
   Use of inotropes or  

   vasopressors, n (%)
 25 (36.8) 38 (18.4) 0.002 0.80

   Respiratory rate 19.7±6.9 20.5±7.7 0.42 0.92
   PaO2/FiO2 197.8±77.8 209.9±84.4 0.31 0.97
   White blood cells, ×109/L 15.9±7.4 13.1±5.4 0.001 0.79
Volume of endotracheal 

secretions, n (%)  
  0.23 0.96

      Copious or large amount 12 (17.6) 58 (28.2)
      Moderate amount 31 (45.6) 83 (40.3)
      Small amount or none 25 (36.8) 65 (31.6)
Purulence of endotracheal  

secretions, n (%)  
  0.70 0.82

      Purulent 6 (8.8) 26 (12.6)
      Mucopurulent or mucoid 57 (83.8) 165 (80.1)
      None or clear 5 (7.4) 15 (7.3)
Chest radiography results, n (%)   0.06 0.99
   New infiltrate 11 (16.2) 57 (27.7)
   Worsening or persistent infiltrate 57 (83.8) 149 (72.3)
Data presented as mean ± SD unless otherwise indicated. *Stratified accord-
ing to propensity quintile using sample of 60 Candida and 132 non-Candida 
patients with propensity scores of between 0.042 and 0.9; †Reported Acute 
Physiology and Chronic Health Evaluation (APACHE) II and Multiple Organ 
Dysfunction (MOD) scores were calculated on day of enrollment. CPIS Clinical 
Pulmonary Infection Score; FiO2 Fraction of inspired oxygen; ICU Intensive 
care unit; MV Mechanical ventilation; PaO2 Partial pressure of arterial oxygen; 
Q1, Q3 Quintiles 1 and 3

Figure 1) Patient flowchart. sp Species
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discharge was 0.58 (95% CI 0.38 to 0.88; P=0.011). There was no 
significant evidence that the OR or HR varied substantially between 
propensity quintiles (interactions P=0.80 and P=0.91, respectively). 
The conclusions from the multivariable analysis remained unchanged 
after stratification for propensity score, with only trivial modifications 
in the logistic regression and Cox proportional hazards estimates (data 
not shown).

No patient developed candidemia, and only three patients in the 
Candida group (4.4%) and nine in the non-Candida group (4.4%) 
grew Pseudomonas from RT culture specimens 48 h after enrollment. 
Fifteen patients (22.0%) in the Candida group received intravenous 
antifungal treatment (mean duration 7.5 days [range 1 to 18 days]) 
compared with 26 patients (12.6%) in the non-Candida group (mean 
duration 9.3 days [range one to 25 days]).

DISCuSSIon
We conducted a retrospective analysis of patients from the Canadian 
randomized, multicentre VAP trial to assess whether isolated Candida 
species in the RT secretions of patients with negative bacterial enroll-
ment cultures were associated with poorer patient outcomes (10). The 
major findings were that isolated Candida species from the RT secre-
tions in this patient population were associated with higher ICU and 
hospital mortality, longer duration of MV use and ICU and hospital 
length of stay. These findings were robust to various statistical strat-
egies that adjusted for the influence of confounding variables.

Previous studies (30) have suggested an association between 
Candida species colonization from various sites and prolonged ICU and 
hospital stay, and increased health care costs. Azoulay et al (23) 
observed that patients with Candida species colonization in the RT 
culture specimen specifically experienced a significantly longer period 
of MV, ICU and hospital stay compared with noncolonized patients. 
However, extra pulmonary colonization was documented in 39.7% of 
patients in that study, which raises the issue of different findings 
depending on patient populations and the degree of extrapulmonary 
colonization. In a previous analysis (24), we showed that isolated 
Candida colonization of RT secretions was associated with increased 
hospital mortality and length of stay, regardless of bacterial enrollment 
culture results. The current analysis focused on patients with isolated 
Candida species colonization of RT secretions, but with negative bac-
terial enrollment culture. Evidence is emerging that this specific 
patient population exhibits less favourable clinical outcomes com-
pared with similar patients with a CSVAP but positive bacterial 
enrollment cultures (14). Our study is the first to investigate clinical 
outcomes in this specific population while accounting for the presence 
or absence of Candida species colonization of RT secretions.

There are two possible explanations for the described association 
between Candida and increased mortality. First, Candida species may 
modify patient outcomes by directly causing increased morbidity and 
mortality. In a postmortem histological study of non-neutropenic, 
mechanically ventilated ICU patients, el-Ebiary et al (19) reported 
a Candida species colonization rate of 40% (10 of 25 patients) and 
a Candida pneumonia incidence rate of 8% (two of 25 patients). In 
a similar study, Meersseman et al (21) reported that 57% of patients 
with pneumonia at autopsy had positive RT cultures for Candida pre-
mortem, but no Candida pneumonia was observed in autopsy specimens. 
We postulate that Candida species in the lung may still cause worse 
clinical outcomes in the absence of developing pneumonia. B-glucan 
is the major component of the yeast cell wall and has the potential 

TAble 5
Cox proportional hazards model of time to hospital 
discharge with interactions*

HR (95% CI) P
Age (per decade) 0.89 (0.81–0.97) 0.009
APACHE II on day of enrollment (per point) 0.96 (0.93–0.98) 0.001
Primary diagnosis of respiratory failure 

(versus all other diagnoses)
0.58 (0.39–0.86) 0.005

Number of comorbidities (≥2 versus ≤1)
   Patients without Candida 0.84 (0.58–1.21) 0.35
   Patients with Candida 0.27 (0.13–0.55) <0.001
Enrollment respiratory Candida (versus no Candida)
   Patients with ≤1 comorbidity 0.91 (0.59–1.40) 0.67
   Patients with ≥2 comorbidities 0.29 (0.15–0.55) <0.001
Interaction between Candida and  

≥2 comorbidities
0.32 (0.15–0.69) 0.004

*This model includes all baseline characteristics (see Table 1) and their inter-
actions with Candida that were retained by stepwise selection using P<0.1 as 
a criterion for entry and removal. The shaded rows are estimated from the 
model, but do not require additional parameters. APACHE II Acute Physiology 
and Chronic Health Evaluation II

TAble 2
Mortality

Candida 
(n=68)

Non-Candida 
(n=206)

Candida/  
non-Candida,  
OR (95% CI) P*

Died within 14 days 15 (22.1) 21 (10.2) 2.49 (1.20–5.17) 0.02
Died within 28 days 21 (30.9) 31 (15.0) 2.52 (1.33–4.79) 0.007
Died in ICU 20 (29.4) 28 (13.6) 2.65 (1.37–5.11) 0.005
Died in hospital 29 (42.6) 42 (20.4) 2.90 (1.61–5.23) <0.001

Data presented as n (%) unless otherwise indicated. *Unadjusted P values 
(Fisher’s exact test). ICU Intensive care unit

TAble 3
Duration of stay after randomization

Candida  
(n=68) 

Non-Candida 
(n=206) 

Candida/ 
non-Candida,  
HR (95% CI) P*

Time on 
Ventilator

13.0 (4.3 – Und)†   8.7 (3.9–18.9) 0.66 (0.48–0.91) 0.01

ICU LOS 17.3 (7.1 – Und) 13.0 (6.9–27.3) 0.68 (0.49–0.94) 0.02
Hospital LOS 90.0 (27.8 – Und) 36.0 (21.0–89.8) 0.54 (0.38–0.77) 0.0005

Data presented as median (interquartile range) unless otherwise indicated. 
*Unadjusted values from log-rank test. †The upper quartile is undefined 
because less than 75% of patients ever experienced the event. ICU Intensive 
care unit; LOS Length of stay; Und Undefined 

TAble 4
Multivariable logistic regression analysis of hospital 
mortality with interactions*

OR (95% CI) P
Age (per decade) 1.96 (1.42–2.70) <0.0001
APACHE II on day of enrollment (per point) 1.06 (1.00–1.12) 0.047
Primary diagnosis
   Trauma (versus all other diagnoses) 0.22 (0.05–1.05) 0.058
   Respiratory failure (versus all other diagnoses) 2.42 (1.17–5.01) 0.018
Number of comorbidities ≥2 versus ≤1
   Patients without Candida 1.62 (0.68–3.84) 0.27
   Patients with Candida 8.92 (2.39–33.2) 0.001
Enrollment respiratory Candida versus no Candida
   Patients with ≤1 comorbidity 1.34 (0.38–4.73)   0.65
   Patients with ≥2 comorbidities 7.40 (2.83–19.3) <0.001
Interaction between Candida and ≥2 

comorbidities
5.50 (1.23–26.9)   0.035

*This model includes all baseline characteristics (see Table 1) and their interac-
tions with Candida that were retained by stepwise selection using P<0.1 as a 
criterion for entry and removal. The shaded rows are estimated from the model, 
but do not require additional parameters. Homer-Lemeshow goodness-of-fit 
test P=0.10 and model area under the ROC curve = 0.86, which suggests 
adequate fit. APACHE II Acute Physiology and Chronic Health Evaluation II
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to stimulate the production of pulmonary inflammation and cause 
cellular immune dysfunction (31,32). In critically ill patients with 
suspected VAP and Candida species isolated from the RT secretions, 
we previously showed that such patients have levels of C-reactive 
protein, procalcitonin and interleukin-6 that are comparable with 
patients experiencing bacterial infections (33). Thus, Candida spe-
cies may be causally related to the increased morbidity and mortality 
described in the present study. Alternatively, Candida species-colonized 
patients may have physiological derangements that create a favourable 
environment for Candida overgrowth. These patients could have some 
degree of immunodeficiency for which Candida is a marker. Candida 
could then either be a marker of this immune dysfunction or directly 
play a role by causing or facilitating other coinfections. The recently 
reported interaction between Pseudomonas and Candida would support 
the latter theory (23,34). The interaction between the presence of 
Candida species, the presence of comorbidities and mortality suggests 
that the former theory may be correct. In reality, a randomized trial of 
antifungal therapy in this specific population is needed to confirm this 
relationship. Such a trial is underway in Canada, conducted under the 
auspices of the Canadian Critical Care Trials Group (www.clinicaltrials.gov, 
number: NCT00934934).

The strength of the present study lies in its use of two statistical 
approaches – multivariable regression models and propensity scores – 
to evaluate the relationship between Candida and various clinical 
outcomes, with both showing similar results. Other strengths include 
the large number of patients enrolled, data collection in a prospective, 
multicentre, randomized controlled setting and protocolization of air-
way specimen collection.

There are, however, also several limitations to the current analysis, 
one of them being that surveillance cultures of all other sites were 
not protocolized in the course of the VAP trial to ensure that patients 
were truly only colonized in the RT. Because it has been suggested 
that multifocal versus unifocal Candida colonization predicts a greater 
risk of candidal infection in ICU patients, it is a confounder that can-
not be controlled (35). Another limitation was the assumption that 
Candida species recovered from RT secretions indicates colonization 
and not infection, although this is in concordance with other studies 
on the subject (17,23,30). Data regarding central venous catheters and 
parenteral nutrition were not collected during the original trial. All lab-
oratories did not speciate isolates of Candida; thus, complete data were 

unavailable for analysis; it has been suggested that the Candida species 
may impact the outcome of patients developing invasive candidiasis 
(36). The retrospective analysis of the present study does not allow 
clarification of the question regarding whether RT Candida coloniza-
tion is a marker of disease or actually contributes to the observed poorer 
clinical outcomes. The present study included patients with negative 
bacterial culture CSVAP and does not generalize to patients without 
such a suspicion. Few patients in each group received antifungal treat-
ment, which was at the clinicians’ discretion and could be performed 
at any time during the 28-day study period. Therefore, the impact of 
antifungal treatment on patient outcomes and on our results could not 
be adequately measured within the present study or controlled for as a 
confounding variable. Finally, the absence of quantitative cultures also 
limits the generalization of the results.

ConCluSIon
Our study demonstrated that in patients with a CSVAP with no iden-
tifiable bacterial pathogen, the presence of Candida species in RT cul-
tures was associated with higher ICU and hospital mortality, longer 
time on MV, and an increased ICU and hospital length of stay. 
Whether Candida species colonization of RT secretions is a marker of 
disease severity or actually contributes to these poorer clinical out-
comes requires further evaluation. The role of antifungal therapy in 
patients with a CSVAP who grow Candida in their RT secretions also 
remains to be determined. A randomized trial of antifungal therapy in 
this specific ICU patient population is currently underway in Canada 
(www.clinicaltrials.gov, number NCT00934934).
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