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External Validation of Risk Prediction Scores for Invasive
Candidiasis in a Medical/Surgical Intensive Care Unit:
An Observational Study
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Background: The aim of this study was to conduct external validation of risk prediction scores for invasive candidiasis. Methods: We
conducted a prospective observational study in a 12-bedded adult medical/surgical Intensive Care Unit (ICU) to evaluate Candida score >3,
colonization index (CI) >0.5, corrected CI >0.4 (CCI), and Ostrosky’s clinical prediction rule (CPR). Patients’ characteristics and risk factors
for invasive candidiasis were noted. Patients were divided into two groups; invasive candidiasis and no-invasive candidiasis. Results: Of
198 patients, 17 developed invasive candidiasis. Discriminatory power (area under receiver operator curve [AUROC]) for Candida score,
CI, CClI, and CPR were 0.66, 0.67, 0.63, and 0.62, respectively. A large number of patients in the no-invasive candidiasis group (114 out
of 181) were exposed to antifungal agents during their stay in ICU. Subgroup analysis was carried out after excluding such patients from
no-invasive candidiasis group. AUROC of Candida score, CI, CCI, and CPR were 0.7, 0.7, 0.65, and 0.72, respectively, and positive predictive
values (PPVs) were in the range of 25%-47%, along with negative predictive values (NPVs) in the range of 84%-96% in the subgroup
analysis. Conclusion: Currently available risk prediction scores have good NPV but poor PPV. They are useful for selecting patients who are
not likely to benefit from antifungal therapy.
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host. There is generally a latent period of 7-10 days
between exposure to risk factor and actual development
of infection.l” This latent period is the time during which
progressive colonization develops that may or may not convert
into invasive disease. Exogenous infection can occur but is less
frequent than endogenous infection.

INTRODUCTION

Invasive candidiasis can manifest as candidemia, deep-seated
candidiasis, or a combination of both.'"! Candidemia is the
most common form of invasive candidiasis, followed by
intra-abdominal candidiasis. Early microbiological diagnosis
of invasive candidiasis still remains a difficult issue.*! Delay

in the initiation of appropriate antifungal therapy is associated
with increased mortality and morbidity.™*! Early identification
of invasive candidiasis is essential for appropriate management
and includes identification of high-risk groups. Risk assessment
for invasive candidiasis includes assessment of clinical risk
factors and colonization assessment. Common risk factors
include broad-spectrum antibiotic use, pancreatitis, abdominal
surgery, severe sepsis, total parenteral nutrition (TPN),
hemodialysis, steroids, immunosuppression, and diabetes
mellitus.[®

Insight into pathogenesis has shown that invasive candidiasis
mostly occurs after endogenous colonization in the predisposed
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Risk factors for invasive candidiasis have been grouped together
to design risk prediction scores/rules by various researchers.®
Due to low prevalence of invasive candidiasis (0.5%—10%) in
most settings, the specificity of these rules remains in the range
of 50%—-80% and positive predictive value (PPV) between 1%
and 30% in most studies.?!
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Risk prediction scores/rules for invasive candidiasis have
been classified as scores based on clinical risk factors (clinical
prediction rules [CPRs]), scores based on microbiological
parameters (Candida colonization), and scores combining both
clinical and microbiological (Candida score).’™ The current
study was undertaken to validate the commonly used prediction
scores namely Ostrosky’s CPR, colonization index (CI),
corrected CI (CCI), and Candida score in critically ill patients
with invasive candidiasis.®!'"

MEeTHODS

Patient selection and data collection

The study was conducted under Senior Research Associateship
Program of Council of Scientific and Industrial Research,
New Delhi. Two hundred consecutive patients admitted to the
12-bedded general purpose Intensive Care Unit (ICU) of the
Department of Critical Care Medicine of a tertiary care center
from July 2013 to November 2014 were studied prospectively.
Our ICU is a referral center, and we get patients from other
ICUs in the institute as well as other hospitals in the city and
nearby area. The study was approved by the ethics committee
of the institute.

Population

Patients with absolute neutrophil count <0.5 x 10%/L at
admission or during their stay in ICU and/or patients with
hematological malignancy or bone marrow transplantation
were excluded. All patients with age <18 years and those who
died within 48 h of ICU admission were also excluded.

Surveillance sample collection

Fungal surveillance samples (oral swabs, tracheal aspirates,
urine, axillary swab, and rectal swab) were collected at
admission, 3™ day, and then weekly for 3 weeks. Other samples
were sent from drain fluid, necrosectomy tissue, pus/wound
discharge, and vascular catheters as per the standard protocol
of the ICU. Paired blood cultures were sent at admission and
then as per decision of the treating physician.

Microbiological technique

Aloopful of specimen was taken with a sterile loop and streaked
on Sabourad dextrose agar plate and inoculated at 37°C. The
cultures were observed at 24 and 48 h for growth of yeast
colonies. The colonies were classified as scanty (<10° CFU),
moderate (10* CFU), heavy (>10° CFU). Processing of blood
culture was done using automated BACTEC system (Becton
Dickinson Diagnostic Instrument system). Samples showing
growth of Candida isolates were subjected to phenotypic
species identification through germ tube testing, sugar
assimilation, chrome agar, and tetrazolium reduction medium.
Isolates from blood were sent for Matrix-Assisted Laser
Desorption Ionization (MALDI)-Time of Flight; Bruker
Daltonik MALDI Biotyper analysis.

Data collection
Patients’ demographic characters, length of ICU stay, survival
at 28 days and at discharge, and risk factors for invasive

candidiasis were noted. Patients were followed until discharge
from ICU or death. Patients were classified as medical or
surgical according to the reason for admission. Surgical
patients were those who were admitted for the postoperative
management of an elective or urgent procedure. Medical
patients who underwent surgery during their ICU stay were
also classified as surgical. Acute Physiology And Chronic
Health Evaluation Score (APACHE 1II) and Sequential Organ
FAilure (SOFA) scores were recorded at admission.[>!¥ Use
of steroids was defined as corticosteroid use of daily dose of
prednisolone 20 mg or equivalent for at least 2 weeks. Parenteral
nutrition was defined as use of partial parental nutrition and/or
TPN for at least 24 h or more. Invasive candidiasis was defined
as per the consensus definition of European Organization for
Research and Treatment of Cancer/Invasive Fungal Infections
Cooperative Group/National Institute of Allergy and Infectious
Diseases Mycoses Study Group Consensus Group.''*! Only
patients with proven invasive candidiasis as demonstrated
by positive culture from blood (candidemia)/sterile body
site collected surgically or during placement of percutaneous
catheter (deep-seated candidiasis) were defined as cases.

Risk prediction score/models

The performance characteristics of four previously derived
risk prediction models were evaluated in the study cohort.
All scores were calculated at admission, 3% day, and then
weekly till 3 weeks. Candida score was used as described by
Leon et al.”) The components of Candida score were severe
sepsis, parenteral nutrition, multifocal colonization, and
surgery. For calculating Candida score, each component was
given 1 point, except for severe sepsis which was given 2 points.
The points were summed to calculate Candida score.

Severe sepsis was defined as sepsis associated with
organ dysfunction, hypoperfusion, or hypotension.["”! The
manifestations of hypoperfusion included, but were not limited
to, lactic acidosis, oliguria, or acute alteration in mental status.
Colonization was defined as the presence of Candida species
in samples obtained from distinct body sites, the oropharynx,
urine, or tracheal aspirates. Colonization was considered
unifocal when Candida species was isolated from one focus
and multifocal when Candida species were simultaneously
isolated from various noncontiguous foci even if two different
Candida species were isolated. A score >3 was taken as
positive.

CI and CCI were calculated as described by Pittet et al.l'”)
CI was calculated as nonblood distinct body sites colonized
by Candida divided by total number of sites tested. CCI was
calculated by multiplying CI to ratio of heavy growth distinct
body sites on total number of distinct body sites positive for
Candida. CI of >0.5 and CCI >0.4 were taken as positive.

Clinical prediction score (CPR) was used as described by
Ostrosky-Zeichner et al."" The rule included intensive care
admission for 72 h with mechanical ventilation for at least 48 h
with antibiotic use for 3 days with central line use for 3 days
with at least any one of the following criteria; any surgery
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(day—7 to day 0), immunosuppressive use (day—7 to day 0),
pancreatitis (day—7 to day 0), TPN (day 1 to day 3), any dialysis
(day 1 to day 3), steroid use (day —7 to day 0).

During the study period, all process of patient management
was determined by the treating physician.

Statistical analysis

Patients were divided into two groups; invasive candidiasis
group and no-invasive candidiasis group. Statistical analysis
was done using SPSS 17 version (IBM). All the categorical
variables were expressed as frequencies and percentages,
while the continuous variables were expressed as mean with
standard deviation when the distribution was Gaussian while
medians with interquartile range (IQR 25-75) were used when
distribution was nonparametric. Chi-square test was used for
discrete variables while Mann—Whitney test was used for
continuous variables when distribution was nonparametric and
Student’s t-test was used for parametric distribution. A P <0.05
was taken as statistically significant. Sensitivity, specificity,
PPV and negative predictive value (NPV) were calculated
from online software MedCalc (www.medcalc.org).

ResuLts

During the study period, there were 305 ICU admissions, of
which 200 patients qualified the inclusion criteria [Figure 1].
Two patients were excluded from analysis as one patient
developed invasive candidiasis (drain fluid positive) after
being discharged to the ward and another developed invasive
candidiasis (blood culture positive) on day 39 of ICU
admission (colonization data unavailable).

One hundred ninety-eight patients were included for analysis
[Table 1]. There were 124 males and 74 females. Mean age
of the cohort was 45 + 16.7 years. There were 165 medical
and 33 surgical patients. At admission, median APACHE II

305 admissions in critical care
unit during study period

2 patients excluded from
analysis as colonization data
was not available for them on
the day of infection/ within one
week prior to infection

(one developed intra-abdominal
candidiasis after discharge to
ward; another developed
candidemia on 39th day of ICU)

200 qualified inclusion criteria

_—

198 patients included in analysis

| 181 had no invasive candidiasis | | 17 developed invasive candidiasis
67 did not
114 received receive any
prophylactic or antifungal
empirical antifungal therapy

therapy

Figure 1: Diagram showing recruitment of patients

and SOFA scores were 17 and 10, respectively. Median length
of ICU stay was 12.5 (IQR 7-29) days and hospital stay was
23 (15—-46) days. Survivals at 28 days and at discharge from
ICU were 56.5% and 51%, respectively.

Median time to development of invasive candidiasis
from day of hospitalization was 21 (IQR10-28) days.
The rate of invasive candidiasis was 4.5/1000 patient
days (17/3763 days). There was no significant difference in
the age, gender, APACHE Il score, and SOFA score between
the two groups. Invasive candidiasis patients had increased
duration of ICU stay, hospital stay, mechanical ventilation,
and septic shock. Survival was not different among the two
groups [Table 2].

Risk factors

Among the various risk factors studied, surgery, pancreatitis,
number of invasive lines, and duration of pre-ICU hospitalization
were significantly different in the two groups on univariate
analysis [Table 3]. Candida score, CI, and patients qualifying
CPR were significantly higher in invasive candidiasis group
(P =0.017, 0.044, and 0.011, respectively). Mean CCI was
higher in invasive candidiasis group (0.37 £ 0.26) as compared
in no-invasive candidiasis group (0.25 + 0.23), but the value
did not reach statistical significance (P = 0.096).

Candida infections

Invasive candidiasis developed in 17 patients. Three
patients had candidemia as well as deep-seated candidiasis
(necrosum/drain fluid positive), one patient had isolated
deep-seated candidiasis (drain fluid positive), and 13 patients
had isolated candidemia.

Table 1: Demographic data

Variable Total population
(n=198), n (%)
Age
Mean+SD 45+16.7
Median 45.5 (30-60)
Male 124 (63)
Female 74 (37)
Medical 165 (83)
Surgical 33(17)
SOFA at ICU admission 10 (7-13)
APACHE II at ICU admission 17 (12-22)
Diagnosis
Neurological 25 (12.5)
Cardiovascular 13 (6.5)
Respiratory 32 (16)
Abdominal 62 (31)
Renal 14(7)
Tropical (dengue, malaria, typhoid, 24 (12)
tuberculosis)
Others (poisoning, trauma, autoimmune, 28 (14)

malignancy)
SD: Standard deviation; SOFA: Sepsis related organ failure assessment
score; ICU: Intensive Care Unit; APACHE II: Acute Physiology and
Chronic Health Evaluation II
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Table 2: Outcome variables

Variable Total population Invasive candidiasis No invasive P
(n=198) (n=17) candidiasis (n=181)

Days of hospital stay, median (IQR) 22.5 (15-46) 46 (33-58) 22 (15-41) 0.002

Duration of mechanical ventilation in days, median (IQR) 12 (6-25) 32 (14-50) 11 (6-24) 0.001

Duration of septic shock in days, median (IQR) 5(2-9.5) 11 (4.5-23) 5(2-8) 0.020

Survival at 28 days 112 (56.5) 11 (65) 101 (56) 0.470

Survival at discharge from ICU 102 (51) 9 (53) 92 (51) 0.867

IQR: Interquartile range; ICU: Intensive Care Unit

Table 3: Risk factors for Invasive candidiasis

Variable Total population  Invasive candidiasis  No invasive candidiasis P
(n=198) (n=17) (n=181)

Days of hospitalization before ICU admission, median (IQR) 7(3.75-13) 14 (7-25.5) 7 (3-12) 0.011
Surgery, n (%) 33(17) 8 (47) 25 (14) <0.001
Diabetes mellitus, 7 (%) 41 (20) 2 (11) 39 (21) 0.341
Pancreatitis, n (%) 28 (14) 7 (41) 22 (12) 0.001
Organ transplant, n (%) 9@4.5) 0 9(4.9) 0.345
Total parenteral nutrition/partial parenteral nutrition, n (%) 128 (65) 13 (76) 115 (63.5) 0.286
Number of invasive lines and catheters, median (IQR) 4(3-4) 5(3-6) 4 (3-4) 0.013
Septic shock at admission, n (%) 138 (70) 13 (76) 125 (69) 0.525
Use of mechanical ventilation, n (%) 180 (91) 16 (94) 164 (91) 0.630
Use of RRT, n (%) 97 (49) 8(52) 89 (48) 0.868
Use of steroids, n (%) 27 (14) 2 (12) 25 (14) 0.814
Any colonization (at admission or during ICU stay), n (%) 189 (95) 16 (94) 173 (95.5) 0.782
Multifocal colonization (at admission or during ICU stay), n (%) 160 (81) 16 (94) 144 (79.5) 0.145
Candida score, mean=SD 3.03+0.94 3.5+0.7 2.9+0.94 0.017
CI, mean+SD 0.45+0.29 0.59+0.30 0.44+0.29 0.044
CCI, mean+SD 0.26+0.23 0.37+0.26 0.25+0.23 0.096
CPR (frequency of qualified patients), n (%) 53 (27) 9(53) 44 (24) 0.011

IQR: Interquartile range; SD: Standard deviation; ICU: Intensive Care Unit; RRT: Renal replacement therapy; CPR: Clinical prediction rule;

CI: Colonization index; CCI: Corrected colonization index

Candida species

Blood cultures of 16 patients were positive for Candida spp.
Thirteen patients were positive at admission while three
patients showed growth of Candida at 13", 15", 21 day of ICU
stay. Three patients were diagnosed as multispecies candidemia
as they showed growth of more than one species from same
blood culture bottle or sample collected within 72 h. Candida
tropicalis (7 isolates) was the most common species responsible
for candidemia, followed by Candida parapsilosis (4 isolates).
Other species were Candida glabrata (3 isolates), Candida
auris (3 isolates), Candida albicans (2 isolates), and Candida
rugosa (1 isolate).

Deep-seated candidiasis (intra-abdominal specimen/drain
fluid positive for Candida) was found in four patients, out
of which one had isolated deep-seated candidiasis while
three had deep-seated candidiasis with candidemia. Species
identification of intra-abdominal isolates was not done.

Candida risk prediction models/scores

Scores of the invasive candidiasis patients on the day or
within 1 week before culture positivity were compared with
admission scores of no-invasive candidiasis group. Candida

score was the most sensitive (94.1%) while CPR was the most
specific (75.7%). PPV and NPV ranged from 10% to17% and
92% to 98%, respectively [Table 4]. Area under curves for
Candida score, CI, CCI, and CPR were 0.66, 0.67, 0.63, and
0.62, respectively [Figure 2].

A large number of patients in the no-invasive candidiasis group
(114 out of 181) were exposed to antifungal agents during their
stay in the ICU. Some of these patients might have developed
invasive candidiasis if empirical/prophylactic antifungal
therapy had not been used. Therefore, subgroup analysis was
done after excluding the patients who were exposed to antifungal
agents in the no-invasive candidiasis group (n = 67) [Table 5].
Discriminatory power of the scores improved with area under
curves for Candida score, CI, CCI, and CPR were 0.70, 0.70,
0.65, and 0.72, respectively [Figure 3].

Discussion

In agreement with other studies, this study shows that invasive
candidiasis is associated with increased days of hospitalization
and morbidity. Risk prediction scores are helpful in early the
identification of patients likely to develop invasive candidiasis.
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Table 4: Performance of risk prediction models/scores (n=198)

Candida score

Cl

CCl

Ostrosky’s CPR

Sensitivity percentage (95% CI)

Specificity percentage (95% CI)
PPV percentage (95% CI)
NPV percentage (95% CI)

PLR (95% CI)
NLR (95% CI)

Area under curve (95% CI)

94.1 (71.3-99.8)
243 (18.3-21.2)
10.5 (6.1-16.4)
97.8 (88.2-99.9)
1.24 (1.08-1.44)
0.24 (0.04-1.65)
0.66 (0.54-0.79)

58.8 (32.9-81.6)
50.7 (42.8-57.8)
10 (4.9-17.6)
92.9 (85.8-97.0)
1.18 (0.77-1.81)
0.82 (0.46-1.47)
0.67 (0.54-0.80)

52.9 (27.8-77.0)
66.9 (59.5-73.7)
13.0 (6.1-23.3)
93.80 (88.2-97.3)
1.60 (0.97-2.62)
0.71 (0.42-1.18)
0.63 (0.49-0.77)

52.9 (22.8-77.0)
75.7 (68.8-81.8)

17.0 (8.1-29.8)
94.5 (89.4-97.6)
2.18 (1.30-3.65)
0.54 (0.31-0.97)
0.62 (0.37-1.04)

Not applicable. PPV: Positive predictive value; NPV: Negative predictive value; PLR: Positive likelihood ratio; NLR: Negative likelihood ratio;
95% CI: 95% confidence interval; CPR: Clinical prediction rule; CI: Colonization index; CCI: Corrected colonization index

Table 5: Subgroup analysis; n=84 (performance of scores after excluding patients exposed to antifungal therapy in
no-invasive candidiasis group)

Candida score

Cl

CCl

Ostrosky’s CPR

Sensitivity percentage (95% CI)

Specificity percentage (95% CI)
PPV percentage (95% CI)
NPV percentage (95% CI)

PLR (95% CI)
NLR (95% CI)

Area under curve (95% CI)

94.1 (71.3-99.8)
40.3 (28.5-53.0)
28.6 (17.3-42.2)
96.4 (81.6-99.9)
1.58 (1.25-1.98)
0.15 (0.02-1.00)
0.70 (0.56-0.84)

58.8 (32.9-81.6)
56.7 (44.0-68.8)
25.64 (13.0-42.1)
84.4 (70.5-93.5)
1.36 (0.84-2.20)
0.73 (0.40-1.33)
0.70 (0.56-0.82)

52.9 (27.8-77.0)
77.6 (65.8-86.9)
37.5 (18.8-59.4)
86.7 (75.4-94.0)
2.4 (1.26-4.45)
0.61 (0.36-1.02)
0.65 (0.50-0.80)

52.9 (22.8-77.0)
85.0 (74.3-92.6)
47.4 (24.5-71.1)
87.7 (77.2-94.5)
3.5(1.72-7.33)
0.55 (0.33-0.92)
0.72 (0.57-0.87)

Not applicable. PPV: Positive predictive value; NPV: Negative predictive value; PLR: Positive likelihood ratio; NLR: Negative likelihood ratio;
CPR: Clinical prediction rule; CI: Colonization index; CCI: Corrected colonization index; 95% CI: 95% confidence interval

ROC Curve

Source of the Curve

Candida Score>/=3
Colonization index>/=0.5
Corrected colonization
index >/=0.4

Clinical prediction rule
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00
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Diagonal segments are produced by ties.

Figure 2: Receiver operator curve (n = 198) showing discriminatory
power of four risk prediction scores

To the best of our knowledge, this is the first external validation
study of risk prediction scores for invasive candidiasis done in
a tropical country. Our findings should be interpreted taking
into account the high rate (8.5%) of invasive candidiasis and
Candida colonization in the cohort. Ninety-five percent of our
patients were colonized with Candida at admission or during
their stay in ICU and 81% patients had multifocal colonization.
Candida score and CI >0.5 had the best discriminatory
power in our study population (area under receiver operator

ROC Curve
1.
Source of the Curve
[~ Candida score>/=3
[~ Colonization index >/= 0.5
0.8 | Corrected colonization
index >/=0.4
[— - Clinical prediction rule
[~ Reference Line
2 06
2
=
[7]
c
o
0 0.4
0.2

0.0

1 - Specificity

Diagonal segments are produced by ties.

Figure 3: Receiver operator curve (subgroup analysis [n = 84]) showing
discriminatory power of four risk prediction scores

curve [AUROC] 0.66 and 0.67, respectively). However, after
eliminating the patients who received prophylactic/empirical
antifungal therapy from no-invasive candidiasis group,
performance of Candida score >3, CI >0.5, and CPR were
comparable (AUROC 0.7, 0.7, 0.72, respectively).

Comparison with other external validation studies in
literature

The external validation of Ostrosky’s original and revised
CPRs has been previously done by Playford et al.l') The study
was conducted in four major Australian ICUs and included

518 Indian Journal of Critical Care Medicine | Volume 21 | Issue 8 | August 2017

Page no. 44



Ahmed, et al.: External validation of risk prediction scores/rules for invasive candidiasis

615 critically ill patients, out of which 15 developed invasive
candidiasis. CCI >0.4 showed the best discriminatory power.
AUROC of CPR 1 (Ostrosky’s old model), CPR 2 (Ostrosky’s
revised model), CI, and CCI was 0.63, 0.66, 0.74, and 0.75,
respectively. Authors showed that addition of CI to CPRs
improved the score performance.

Hermsen validated Ostrosky’s CPR along with another rule given
by Paphitou in a case—control study including 352 patients.!'”!
The prediction rules showed low PPVs (4.1%—5.4%) and high
NPVs (98.35%-99%) with AUROC of 0.649-0.705. Risk
factors found to be significant in Ostrosky’s and/or Paphitou’s
study such as pancreatitis, diabetes, and hemodialysis were
not shown to be statistically significant in their study. New
risk factors found statistically significant in their study cohort
were abdominal surgery and length of pre-ICU stay. They
developed their own risk prediction score named Nebraska
Medical Centre score after including these new risk factors.
Although our study was not designed to assess the risk factors
due to small sample size, our findings are somewhat similar
to Hermsen et al. study. We found that surgery and length of
pre-ICU hospital stay were significantly different between
invasive candidiasis and no-invasive candidiasis patients.

Hall et al. studied CI, CPR (original model with modification),
and Candida score in 101 severe acute pancreatitis patients,
out of which 18 had invasive candidiasis.['8]

CI >0.5 showed best performance with AUROC of 0.79.
Candida score and CPR (original model with modification)
had an AUROC of 0.62 and 0.59, respectively. The cutoff
used for Candida score in this study was >3 leading to a low
sensitivity (23%) and high specificity (85%). We used a cutoff
of >3 for Candida score as used by Leon et al. in their Candida
score validation study on 1107 nonneutropenic ICU patients.™!
Candida score had a sensitivity of 94.1% and specificity of
24.3% in our study.

Posteraro et al. compared the diagnostic accuracy of beta-d
glucan (BDG) assay, Candida score, and CI in the single-center
prospective study involving 95 patients.?’! Fourteen patients
developed invasive candidiasis. Beta-D-Glucan assay had an
AUROC of 0.98, Candida score had AUROC of 0.80, while
AUROC of CI was 0.63. Authors recommended single-point
BDG assay alone or in combination with Candida score may
help in guiding antifungal therapy in high-risk patients.

Insight from the above discussion shows that discriminatory
power of currently available risk scores for invasive candidiasis
ranges between 0.6 and 0.8 depending on the study population
and cutoffs used to define the score. By and large, they show
good NPV and low PPV, thus helping to differentiate who are
not likely to benefit from antifungal therapy.

Can we improve risk prediction for invasive candidiasis?
An insight into the various components of currently used
models can help improve risk prediction for invasive
candidiasis. Ostrosky’s rule can be applied bedside without
requiring any microbiological data. It has mandatory criteria

as well as optional criteria. Duration of ICU stay (72 h) and
duration of mechanical ventilation (48 h) are mandatory
criteria along with antibiotic use (1-3 days) and central venous
catheter use (1-3 days). These factors may hinder the general
applicability of the rule as indication for admission to ICU may
vary from country to country and even hospital to hospital in
one country. Even threshold for starting mechanical ventilation
may vary from center to center.

Along with mandatory criteria, the score requires fulfillment
of any one criteria out of the following; any surgery,
immunosuppressive use, pancreatitis, TPN, any dialysis,
steroid use. Among the criteria which are optional, some
patients may qualify the score due to one factor while others
may qualify due to two or more factors. A patient qualifying
due to more than one factor is at higher risk than the one
qualifying due to one factor, but this discrimination is not
possible in the rule. If these factors are corrected in the
future studies, Ostrosky’s risk prediction rule can become an
important bedside tool as it is readily applicable and does not
require any waiting for microbiological results. We suggest
duration of hospitalization rather than duration of ICU stay or
mechanical ventilation as mandatory criteria for improvement
of Ostrosky’s risk prediction rule.

Candida score has four components; severe sepsis, TPN,
surgery, and multifocal colonization. The definition of severe
sepsis remains reevaluation according to the recent consensus
guidelines. Besides this, our knowledge of nutritional support
during 1** week of critical illness is still evolving. Use of partial
parenteral nutrition is more common than TPN. It is unclear
whether it is one component of the TPN or it is the whole TPN
which predisposes for Candida infection. Candida colonization
is a well-proven risk factor for invasive candidiasis. Candida
score uses multifocal colonization as a component to calculate
the score. However, Lau ef al. in a large multicenter study
on 6015 nonneutropenic critically ill patients showed that
colonization of two or more sites and heavy colonization
of single site are independent risk factors for invasive
candidiasis.”?!) The risk of infection was highest with urinary
colonization in the study. We suggest more detailed evaluation
of colonization such as type and number of sites and intensity
to improve performance of Candida score.

CI and CCI given by Pittet et al. were generated on surgical
population.!'” They do not include clinical risk factors.
The number of sites that should be studied for colonization
surveillance and frequency of sample collection remain
unanswered questions. Use of these indices is limited due to
cost and increased burden on microbiology laboratory.

In our opinion, risk prediction for invasive candidiasis can
be done in two-step approach. First step should include
assessment of clinical risk factor. Patient’s qualifying
for clinical risk factors criteria should be subjected to
microbiological surveillance by studying the intensity of
colonization with or without biomarkers such as BDG assay
at regular interval. Prophylactic antifungal should be started
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once the patient crosses a particular threshold for colonization
or shows positive BDG assay.

Risk factors for invasive fungal disease in critically ill adult patients: A
systematic review. Crit Care 2011;15:R287.

7. Eggimann P, Pittet D. Candida colonization index and subsequent

Limitations infection in critically ill surgical patients: 20 years later. Intensive Care

e e . Med 2014;40:1429-48.

Qur study is limited in its §1ngle—center design and small sample 8. Ahmed A, Azim A, Baronia AK, Marak KR, Gurjar M. Risk prediction

size. We collected colonization data only for first 21 days of for invasive candidiasis. Indian J Crit Care Med 2014;18:682-8.

ICU stay due to limited resources. Another weakness of our 9. Leétn C, Ruiz-Santana S, Saavedra P, Almirante B, Nolla-Salas J,

study was selection bias toward more serious sepsis patients Al‘{arez-l_}eﬂmlﬂ et al. A bedside scoring Systeml(“?lani;‘da score”) fO}:

: T : 0 early antifungal treatment in nonneutropenic critically ill patients wit!
begause septic OShOCk, at admlsslon was pre'sent mn 695 % Candida colonization. Crit Care Med 2006;34:730-7.

patients and 90% patients required mechanical ventilation 10. Pittet D, Monod M, Suter PM, Frenk E, Auckenthaler R. Candida

during their stay in ICU. This could be because our ICU is colonization and subsequent infections in critically ill surgical patients.

a referral center and we get patients from other ICUs in the Ann Surg 1994;220:751-8.

institute as well as hospitals in the nearby area. 11. Ostrosky-Zeichner L, Pappas PG, Shoham S, Reboli A, Barron MA,
Sims C, et al. Improvement of a clinical prediction rule for clinical
trials on prophylaxis for invasive candidiasis in the Intensive Care Unit.

COoNCLUSION Mycoses 2011;54:46-51.
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for judicious use of antifungal need therapy. However score to describe organ dysfunction/failure. On behalf of the Working
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