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AbstrAct
Introduction: Invasive candidiasis (IC) is a major cause of morbidity and mortality in critically ill patients in the intensive care unit (ICU). In this 
study, we aim to analyze the clinical profile, species distribution, and susceptibility pattern of patients with IC.
Methods: Case records of non-neutropenic patients ≥18 years of age with IC between January 2016 and June 2019 at a tertiary care referral 
hospital were analyzed. IC was defined as either candidemia or isolation of Candida species from a sterile site (such as CSF; ascitic, pleural, or 
pericardial fluid; or pus or tissue from an intraoperative sample) in a patient with clinical signs and symptoms of infection.
Results: A total of 114 patients were analyzed, out of which 105 (92.1%) patients had bloodstream infection (BSI) due to Candida and 9 (7.9%) 
had IC identified from a sterile site. Central line-associated blood stream infection (27 patients, 23.6%) and a gastrointestinal source (30 patients, 
26.3%) were the most common presumed sources for candidemia. The commonest species was Candida tropicalis 42 (36.8%), followed by 
Candida glabrata 20 (17.5%). Serum beta-D-glucan (BDG) was done only in 32 patients of the 114 (35.3%); among those who were tested, 5 
(15.6%) had a BDG value of less than 80 pg/mL despite having Candida BSI. Fluconazole sensitivity was 69.5% overall. At 14 days after diagnosis 
of IC, 49.1% had recovered, with the remainder having an unfavorable outcome (32.4% had died and 18.4% had left against medical advice).
Clinical significance: IC is a major concern in Indian ICUs, with a satisfactory outcome in only half of our patients. Serum BDG is a valuable test 
to diagnose blood culture–negative IC, but more studies are needed to determine its role in the exclusion of IC, as we had a small minority of 
patients with negative tests despite proven IC.
Conclusion: We recommend sending two sets of blood cultures and serum BDG assay for all suspected patients. Initiating empiric antifungal 
therapy with an echinocandin is advisable, in view of increasing azole resistance and the emergence of Candida auris, with de-escalation to 
fluconazole for sensitive isolates after clinical stability and blood culture clearance.
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IntroductIon
Invasive candidiasis (IC) is a major cause of morbidity and mortality in 
critically ill patients in the intensive care units (ICUs) with an incidence 
of ICU-acquired candidemia of 6.8 cases per 1000 ICU admissions.1 
Candidemia, defined as bloodstream infection (BSI) due to Candida, 
can have a high mortality rate ranging from 38–75%.1,2 Better 
identification techniques such as matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI TOF-MS) for 
species identification and biomarkers such as serum beta-D-glucan 
(BDG) are now available in India. In the last decade, as there has been 
a rise in fluconazole resistance in Candida species, and multidrug-
resistant Candida auris has emerged,3,4 echinocandins are now 
generally considered the drugs of choice for IC. There are a few 
Indian studies that analyze the clinical features, details of the therapy, 
and outcome in the echinocandin/C. auris/MALDI-TOF/BDG era. We 
aimed to analyze the clinical profile of patients with IC in our center. 

Methods

Study Design
A retrospective observational study of IC episodes between January 
2016 and June 2019 was carried out at a 550-bed tertiary care referral 
hospital in Chennai, South India. 

Definitions: IC was defined as an episode of candidemia with 
isolation of Candida spp. from at least one peripherally taken 
blood culture or from a sterile site (such as CSF; ascitic, pleural, or 

pericardial fluid; or pus or tissue from an intraoperative sample) 
in a non-neutropenic patient with clinical signs and symptoms of 
infection. Positive blood cultures from a patient were considered 
as being part of a single candidemia episode if they belonged to 
the same species and occurred less than 2 weeks apart. Any surgery 
done within 30  days preceding the onset of candidemia/IC was 
considered as a risk factor. Empiric therapy was defined as the 
administration of systemic antifungal drugs before blood culture 
reports are available. Definitive therapy was defined as the use of 
antifungal agents after the availability of blood culture reports. 

Inclusion Criteria
Records of inpatients who were ≥18 years of age with positive blood 
culture isolates for Candida, and positive cultures from a sterile site 
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(such as CSF; peritoneal, pleural, or pericardial fluid; or pus or tissue 
from an intraoperative sample) were included in the study. 

Exclusion Criteria
Outpatients, patients <18 years, patients with absolute neutrophil 
count <1000 cells/µL, and those with cultures positive for Candida 
from non-sterile sites such as endotracheal tube aspirates, urine, 
and sputum cultures were excluded.

Data Collection and Interpretation of Results
Study data were collected retrospectively based on medical records 
and chart review. Demographic variables, risk factors for IC (such as 
central line, ICU stay, receipt of broad-spectrum antibiotics, recent 
surgery), number of blood cultures sent, initiation of antifungal 
therapy, and clinical outcomes were recorded.

Blood culture was done using the BacT/ALERT system 
and species identif ication was performed by MALDI TOF 
(VITEK MS BioMérieux). These lab methods were standard 
lab procedures for the identification of the isolate. Antifungal 
susceptibility testing for fluconazole (FLU), voriconazole (VRC), 
amphotericin B (AMB), caspofungin (CAS), micafungin (MFG), and 
flucytosine was performed using the AST-YS08 card on the Vitek 
2 system (BioMérieux). Results were interpreted as per the Clinical 
Laboratory Standards Institute  guidelines. The US Food and Drug 
Administration‐approved Fungitell® BDG assay was used to measure 
levels of the fungal biomarker serum 1,3-beta-D-glucan, with values 
≥80 pg/mL being regarded as positive, and <80 pg/mL as negative. 
Data entry was done in an MS Excel spreadsheet. All normally 
distributed continuous variables were expressed as mean ±2 SD. 
Non-normally distributed continuous variables were represented by 
median (interquartile range). Categorical variables were expressed 
as a percentage. Statistical analysis was done using IBM statistical 
package for the social sciences statistics 25.0. 

The study was cleared by the Hospital Ethical Committee before 
commencement. 

results
A total of 114 patients were analyzed, out of whom 105 (92.1%) 
patients had BSI due to Candida (Table 1) while 9 (7.9%) had IC 
identified from a sterile site (Table 1). Fifty-eight (50.9%) patients 
were hospitalized elsewhere before being transferred to our 
center. And 102 patients (89.5%) required ICU stay with a median 
duration of 13.5 days (interquartile range [IQR], 5–25.5) (Table 2). 
Comorbidities are shown in Table 2. Seventy-five (65.8%) patients 
had acute kidney injury and around the same number, 76 (66.7%) 
had a septic shock with 52 (45.6%) having a SOFA score more than 
or equal to 7 (Table 2). Seventy-six (66.7%) patients had central 
venous catheters (CVCs) at the time of IC suspicion, out of which 48 
(42.1%) had catheter removal. Central line–associated bloodstream 
infection, CLABSI (27 patients, 23.6%), presumed GI source (30 
patients, 26.3%), and a presumed urinary source (11 patients, 9.6%) 
were the most commonly suspected sources for the IC event.

Figure 1 shows the species distribution of our isolates. Out 
of 114 patients with IC, blood cultures were done for 110 (96.5%) 
patients, out of whom 2 sets of blood cultures were done for 95 
(86.3%) patients. The average number of days after admission to 
culture positivity in patients with IC was 6.6 days. The yield was 
maximum in the aerobic bottle (106, 96.7%) whereas 4 (3.6%) 
flagged only in the anaerobic bottle. The average time to culture 
positivity for patients with Candida BSI was 79  hours (Table 3). 

Repeat blood cultures to look for clearance were done in 68 
patients (64.7%). For 29 patients (27.6%), repeat cultures could not 
be obtained as patients either died or asked for discharge against 
medical advice (DAMA). Of those for whom repeat cultures were 
done, it was observed that 46 (67.6%) had cleared on the first 
instance (within 72 hours), while 22 (32.3%) required 2 or more 
subsequent cultures for clearance.

Serum BDG was done only in 32 of the 114 patients (35.3%); 
among those who were tested, 21 had a positive value (Fig. 2). Five 
of 32 patients (15.6%) had a negative BDG value of less than 80 pg/
mL despite having IC. Among those five with negative BDG, Candida 
tropicalis was isolated in four and Candida glabrata in one. In the 
same group, one patient died, one was discharged against advice, 
and three were discharged after improvement.

Screening echocardiogram and dilated fundus examination 
for Candida BSI patients were done for 61 (58%) and 28 (26.6%), 
with infective endocarditis being identified in two patients 
(Table 4). For 29 (27.6%), screening echocardiogram and fundus 
examination could not be done as they died or left against advice 
within 48 hours. The antifungal susceptibilities of Candida BSI are 
listed in Table 5A. Fluconazole sensitivity was 69.5% overall while 
echinocandins sensitivity was 100%. All isolates of Candida albicans 
and 94.8% of C. tropicalis were azole sensitive (Table 5B).

Among those with Candida BSI, 39 patients were started on 
fluconazole, 54 on echinocandin (43 on caspofungin), and 2 on 
amphotericin B. On analyzing the outcome at the end of 14 days, 

Table 1: Demographic distribution of patients with IC

Total number of patients included in 
the study

114

Number of patients with IC due to 
Candida BSI

105 (92.1%)

Number of patients with IC due to 
SSC

9 (7.9%)

Median age in years (IQR) 58 (49–68)
Sex • Female: 38 (33.3%)

• Male: 76 (66.7%)
Transferred from another hospital • Yes: 58 (50.9%)

• No: 47 (41.2%)
• Details unknown: 9 (7.9%)

ICU stay • Yes: 102 (89.5%)
• No: 12 (10.5%)

Total duration of hospital stay in days 
(IQR)

11.5 (4.75–22)

Duration of ICU stay in days (IQR) 13.5 (5–25.25)
Comorbidities
DM
HT
Solid tumors
Chronic kidney disease
Chronic liver disease

60 (52.6%)
53 (46.5%)
 6 (5.3%)
19 (16.7%)
 8 (7%)

Source of IC
CLABSI
Presumed intra-abdominal source  
(GI surgery, pancreatitis, etc.)
Urine
Infective endocarditis 
Postneurosurgical intervention
Source unclear

27 (23.7%)
30 (26.3%)

11 (9.6%)
 1 (0.9%)
 3 (2.6%)
42 (36.8%)
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it was observed that 37 (32.4%) had died, 21 (18.4%) had requested 
DAMA, and 56 (49.1%) had improved or been discharged with 
appropriate outpatient therapy (Fig. 3). 

dIscussIon
Candida is a part of the normal microbial flora of the skin and 
the gut but can become an invasive pathogen in the presence of 
various risk factors. In a retrospective study done in Italy, it was 
noted that recent ICU stay, the CVC, parenteral nutrition, major 
abdominal surgery, diabetes, and immunosuppression were all 
major risk factors for IC.5 In our study, two-thirds of the patients had 
a CVC, with 26 (22.8%) with IC secondary to CLABSI. The traditional 
risk factors for IC such as CVC, broad-spectrum antibiotics, and 
abdominal surgeries were all found in our study also. Candidemia 
was diagnosed in an average of 6.6  days after admission, more 
than a day earlier than noted in an Indian multi-center study.1 On 
comparing the average days of onset of candidemia from the day of 

Table 2: Risk factor distribution for IC

Variable Number of patients (percentage)
Immunosuppressive therapy • 14 (12.3%)
Solid-organ transplant • Renal transplant: 6 (5.3%)

• Heart transplant: 2 (1.8%)
• Liver transplant: 1 (0.9%)
• Heart and lung transplant:  

1 (0.9%)
• No transplant: 104 (91.2%)

Acute kidney injury (AKI) • No AKI: 39 (34.2%)
• AKI present: 75 (65.8%)
• AKI patients requiring dialy-

sis: 14 patients
SOFA score • <7: 37 (32.4)

• ≥7: 52 (45.6%)
• Not available: 25 (21.9)

Central venous catheter • No line: 38 (33.3%)
• Line present: 76 (66.7%)
• C line removed after CLABSI/

IC suspicion: 48 (42.1%)
Foley catheter 73 (64%)
Total parenteral nutrition (TPN) • NO TPN: 104 (91.2%)

• TPN: 8 (7%)
• Feeding jejunostomy (FJ) 

FEEDS: 1 (0.9%)
• Percutaneous endoscopic 

gastrostomy (PEG): 1 (0.9%)
Surgery • No surgery: 69 (60.5)

• Non-GI surgery: 28 (24.6%)
• GI surgery: 17 (14.9)

Prior antibiotics usage (intravenous 
antibiotic used for at least 3 days 
within the previous 1 week)

• 114 (100%)

Bacteremia • Concomitant bacteremia:  
5 (4.4%)

• Previous bacteremia:  
25 (21.9%)

• No bacteremia: 84 (73.7%)
Prior antifungal exposure for at 
least >3 days (in last 14 days)

• No exposure: 91 (79.8%)
• Fluconazole: 21 (18.4%)
• Amphotericin B: 1 (0.9%)
• Echinocandin: 1 (0.9%)

Fig. 1: Species distribution of patients with IC

Table 3: Blood culture analysis of patients with Candida BSI

Average number of days after 
admission to culture positivity in 
patients with IC

6.6 days

Average time to positivity of blood 
culture after blood draw

79 hrs

Blood cultures on suspicion of 
sepsis/IC

• Sent: 110 (96.5%)
• Not sent: 4 (3.5%)

Number of sets of blood cultures 
done

• 1 set (2 bottles): 11 (11%)
• 2 sets (4 bottles): 95 (86.3%)
• 3 sets (6 bottles): 3 (2.7%)

Number of aerobic bottles positive • 2 bottles: 48 (43.6%)
• 3 bottles: 3 (2.7%)
• 1 bottle: 55 (50.0%)
• 0 bottle: 4 (3.6%)

Number of anaerobic bottles 
positive

• 0 bottle: 99 (90%)
• 1 bottle: 9 (8.1%)
• 2 bottles: 2 (1.8%)
• 3 bottles: 0 (0%)

Fig. 2: Values of serum BDG in 32 patients with IC
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IC can be excluded if serum BDG values are less than 80 pg/mL.9,10 
Agnelli et al. concluded that BDG-negative patients with IC may 
have a better prognosis due to a lower fungal burden.11 Our findings 
suggest that a negative BDG does not exclude IC in a patient with 
a high pretest probability for IC who responds to antifungal agents 
and this be factored into clinical decision-making (Fig. 4).

The majority of our patients were treated in concordance with 
standard guidelines that recommend looking for blood culture 
clearance, echocardiogram, and dilated fundus examination.12,13 
In our study, the majority of those with Candida BSI had a repeat 
culture done of which had cleared. Only two were reported to have 
infective endocarditis and none had ocular candidiasis, significantly 
less than previous studies.14

Table 4: Clinical and treatment characteristics of patients with IC

Empiric antifungal started 
when IC suspected

• Fluconazole: 46 (40.4%)
• Echinocandins: 66 (59.9%)
• Amphotericin B: 2 (1.8%)

Initiation of antifungal 
therapy 

• Culture based: 19 (16.7%)
• Empiric: 54 (47.4%)
• Empiric then culture-based switch: 

41 (36%)
Switch to fluconazole in 
patients on empiric  
echinocandin after DST 
availability

• De-escalated: 19 (28.7%)
• No change: 47 (71.2%)

Repeat blood cultures for 
clearance in patients with 
Candida BSI

• Not done: 5 (4.7%)
• Done: 68 (64.7%)
• Not done due to death/discharge 

against advice: 34 (32.3%)
Clearance achieved with 
repeat blood culture

• Cleared: 46 (67.6%)
• Not cleared: 22 (32.3%)

Echocardiogram for patients 
with Candida BSI

• Done and reported normal:  
59 (56.1%)

• Done with infective endocarditis 
identified: 2 (1.9%)

• Not done (reason not identified):  
20 (19%)

• Not done due to death: 16 (15.2%)
• Not done due to DAMA: 8 (7.6%)

Dilated fundus examination • Done and reported normal: 28 
(26.6%)

• Not done (reason not identified):  
43 (40.9%)

• Not done due to death: 19 (18.0%)
• Not done due to DAMA: 15 (14.2%)

Table 5A: Antifungal susceptibility for Candida BSI

Antifungal Number of susceptible isolates
Number of isolates 
intermediate

Fluconazole  73 (69.5%) 9 (8.5%)
Echinocandin 105 (100%) 0
Voriconazole  97 (92.3%) 3 (2%)
Amphotericin B  85 (80.9%) 6 (5.7%)

Table 5B: Species-wise distribution of fluconazole susceptibility

Species of Candida

Number of  
susceptible isolates 
(% within species)

Number 
of isolates 
resistant

Number of 
isolates  
intermediate

C. tropicalis 37 (94.8%) 1 (2.5%) 1 (2.5%)
C. glabrata  5 (26.3%) 9 (47.4%) 5 (26.3%)
C. albicans 17 (100 %) 0 0
C. parapsilosis  7 (58.3%) 4 (33.3%) 1 (8.3%)
C. auris 0 4 (100%) 0
C. hemulonii 0 3 (60%) 2 (40%)
C. krusei  1 (33.3%) 2 (66.7%) 0
C. lusitanae  2 (100%) 0 0
Others  4 (100%) 0 0

admission, there was no difference among those who had a history 
of transfer from another hospital and those who did not.

The aerobic bottle of the blood culture sets flagged almost 
always, suggesting that two aerobic bottles could potentially 
replace the traditional aerobic/anaerobic set. The average time to 
flag was longer than 3 days, emphasizing the need for additional 
tests such as biomarkers and empiric therapy pending culture 
reports. As with other Indian studies and similar to our previous 
study, it was observed that C. tropicalis was the commonest species 
causing IC in 36.8% of the patients.6–8 However, in comparison to 
our earlier study, fluconazole susceptibility fell from 77.5–69.5%6 
and prior antifungal exposure increased from 15.2–19.2%. All 
our isolates were susceptible to echinocandins. C. auris, an 
emerging opportunistic pathogen, presents major challenges 
in hospitalized patients in terms of identification, multidrug 
resistance, and infection control. VITEK 2 misidentifies C. auris as 
Candida haemulonii, Candida famata, Saccharomyces cerevisiae, or 
Rhodotorula glutinis. Only 4.7% of our isolates were C. auris.

Our study builds on our experience with serum BDG in patients 
with candidemia.9 Serum BDG was elevated in the vast majority of 
our patients with IC, though they were done only in about a third of 
the study subjects as serum BDG was introduced in the year 2017 in 
our center. This supports its use as a valuable adjunct in the diagnosis 
of IC when blood cultures are negative. Five (15.6%) of 32 patients had 
a negative value despite proven IC, mostly with C. tropicalis. This is 
contrary to two previously published studies, which concluded that 

Fig. 3: Outcome at the end of 14 days for patients with IC
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More patients received echinocandins than fluconazole for 
therapy in our study. The overall fall in fluconazole susceptibilities 
and rising prevalence of C. auris favor starting therapy with 
echinocandins, as recommended by guidelines.12 Crude mortality 
at the end of 14 days was around 32.4% in our study, which was 
lower than in studies from other tertiary care centers worldwide.15 
However, an additional 18.4% of the patients left the hospital 
against medical advice due to the critical nature of the patient’s 
illness, financial constraints, or other reasons. Assuming a worst-
case scenario for the patients to be death at the end of 14 days, 
our rate of poor outcome is 50.8%, emphasizing the need for early 
diagnosis and appropriate therapy.16

Our study has several limitations. First, this was a retrospective 
single-center experience. Second, serum BDG was done only for a 
minority as per the treating clinician’s discretion. Third, we did not 
have to follow up data for almost one-fifth of the patients as they 
left against advice. 

conclusIon
IC is a major concern in Indian ICUs, with a satisfactory outcome in only 
half of our patients. Our study reiterates known facts about IC, such 
as risk factors, shift to a non-albicans spectrum, and increasing azole 
resistance. Serum BDG is a valuable test to diagnose blood culture–
negative IC, but more studies are needed to determine its role in the 
exclusion of IC, as we had a small minority of patients with negative 
tests despite proven IC. We recommend sending two sets of blood 
cultures and serum BDG assay for all suspected patients and initiating 
empiric antifungal therapy. Echinocandins are preferred choices for 
initial empiric therapy in view of increasing azole resistance and the 

emergence of C. auris, with de-escalation to fluconazole for azole 
sensitive isolates after clinical stability and clearance of blood cultures.
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