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ABSTRACT 

 

Invasive fungal infections in critically ill patients are associated with increased morbidity and mortality. Candida 

species are among the most common causes of nosocomial bloodstream infections and of invasive infections in 

intensive care units (ICUs). The high mortality mandates early identification of invasive candidiasis which is vital to 

initiate appropriate and timely treatment and improve outcomes. Delaying the initiation of treatment could result in an 

increase in mortality which can be avoided by usage of more rapid diagnostic techniques. There are multiple 

diagnostic tests including culture and non-culture tests like 1,3-β-D-glucan and newer techniques like MALDI-TOF 

which are available to diagnose candidemia but each with their drawbacks. Additionally, there are various guidelines 

like IDSA and ESCMID on treatment which aim to minimize death, late complications from deep-seated candidiasis 

and rise of drug- resistant Candida strains. Through this consensus statement prepared by a panel of experts, all of 

whom are senior intensivists, infectious disease specialists and microbiologists, we aim to address the major aspects 

of management of invasive candidiasis in the Indian population as per the authors opinions, backed by published 

evidence and supported by the latest clinical guidelines.  
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INTRODUCTION 

Invasive fungal infections have become a scourge in the 

intensive care units throughout the world. There has been 

an alarming rise in the incidence of invasive fungal 

infections, owing to disruption of natural barriers, 

complex medical and surgical problems, multiple 

invasive procedures and prolonged treatment with broad 

spectrum antibiotics.1  

Amongst all the opportunistic infections in hospitals, 

infections with Candida species is the most common.2 

They are the leading cause of catheter-associated blood 

stream infections in America and Europe and also one of 

the leading cause of ICU morbidity and mortality. By 

definition, the term ‘invasive candidiasis’ refers to a 

whole spectrum of diseases, not restricted only to 

candidemia. However, this may be due to the fact that the 

majority of research is limited to candidemia, attributable 

to the fact that diagnosing non-albicans candidiasis is not 

easy and hence goes undetected.3 

There is a marked geographical variation in the species 

distribution of Candida. SENTRY antimicrobial 

surveillance program was designed to monitor the 

predominant pathogens and antimicrobial resistance for 

both nosocomial and community-acquired infections 

globally by using validated, reference-quality 

identification and susceptibility testing methods 

performed in a central laboratory. It evaluated a total of 

2085 clinical Candida isolates, which were collected from 

79 different medical centers across North America, Latin 

America, Europe and Asia. The most common species 

isolated from Asia-pacific region was Candida albicans 

(56.9%) followed by Candida glabrata (13.7%), Candida 

parapsilosis (13.7%) and Candida tropicalis (11.7%). 

North America had 43.4% of C. albicans, 23.5% of C. 

glabrata while Europe had 55% of C. albicans and 15.7% 

of C. glabrata.4  

While the epidemiological data of Candida species in Indian 

scenario is scanty and sporadic, it does point toward the fact 

that the predominant species is C. tropicalis, instead of C. 

glabarata or C. parapsilosis. This rise in the incidence of 

NAC (non-albicans Candida) might be a fallout of increased 

use of fluconazole prophylaxis in immunocompromised 

patients, central venous cannulations and prior 

gastrointestinal surgery.2 Even the incidence of C. auris, 

which is a multidrug-resistant yeast associated with 

outbreaks in healthcare settings, is on the rise. Although the 

mortality rate attributable to C. auris is unknown, it is 

estimated to be around 30 to 60%.5 The incidence, as 

observed in a multicentric study conducted at 27 Indian 

ICUs, ranged from 4 to 8% of all candidemia infections.6 

Thus, candidemia is a major issue facing the Indian ICUs 

today. This consensus statement is prepared by a panel of 

experts, all of whom are senior intensivists and 

microbiologists, and will aim to address the major aspects of 

management of invasive candidiasis as per the authors 

opinions, backed by published evidence and supported by 

the latest clinical guidelines. For the purpose of this 

document, the aspects related to management of invasive 

candidiasis in non-neutropenic ICU patients will be covered.  

DIAGNOSIS 

Early identification of invasive candidiasis is crucial to 

initiate appropriate and timely treatment and improve 

outcomes. It has been shown in a retrospective cohort 

study by Morrell et al, that delaying the initiation of 

treatment could result in an increase in mortality; indeed, 

this delay can be avoided by development and usage of 

more rapid diagnostic techniques for identifying Candida 

BSI.7 This is however easier said than done. 

Tissue smearing and subsequent microscopic 

examination can be performed rapidly, however it has a 

very low negative predictive value.8 

The gold standard for the diagnosis of candidemia is a 

positive blood culture; hence it is imperative to obtain blood 

cultures from all patients with suspected candidemia.9 They 

have good sensitivity in detecting viable Candida which is 

evident from the fact that the median Candida concentration 

is 1 CFU/ml at the time of the first positive blood culture. 

This limit of detection of viable Candida by blood cultures is 

reported to be as good as or superior as compared to that for 

methods such as PCR. The chances of getting a positive 

blood culture are greater if the samples are collected during 

active candidemia.10 

However, the problems with blood cultures are 

numerous: They are positive in only 50% of patients with 

Candida blood stream infections; they have a slow 

turnaround time- one to three days are required for 

growth and an additional one to two days for 

identification of the organism after subculture onto agar; 

they are rarely positive in patients of deep-seated 

candidiasis; and finally collection of deep-tissue cultures 

requires invasive procedures that may be risky to the 

patient or even contraindicated in patients at-risk for 

Candida infections.8,10 

Once the blood culture shows growth and subsequent 

microscopy reveals yeasts, newer techniques such as 

PNA FISH (peptide nucleic acid fluorescence in situ 

hybridization), some of the more common Candida 

species such as C. albicans and C. glabrata can be 

identified within a few hours of the culture becoming 

positive for yeasts.9  

Non-Culture Tests for Invasive Candidiasis 

Mannan, antimannan antibody, and C. albicans germ 

tube antibody (CAGTA) 

Assays for Candida antigens and antibodies were some of 

the earliest serum assays developed. The major 

drawbacks of Candida antigens are that their serum levels 

are low and that they are rapidly cleared from the blood; 
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while the major drawbacks of anti-Candida antibodies are 

that considerable time is needed to mount an immune 

response, they may not be reliable in immunosuppressed 

hosts due to very low production of antibodies, and that 

positive results may not be able to differentiate between 

acute and past infections. Despite these drawbacks 

mentioned above, they have been found to give good 

results when used in clinical practice.10 Rather than using 

mannan and anti-mannan tests individually, it is best to 

use them together as they have given good results. The 

CAGTA (C. albicans germ tube antibody) test detects 

responses against a hyphal protein (Hwp1) expressed 

during tissue invasion and biofilm formation.10 CAGTA 

may be combined with 1,3-β-D-glucan testing to improve 

diagnostic accuracy.3 

BDG  

1,3-β-D-glucan is a is a major cell wall constituent of 

Candida and most pathogenic fungi, excluding 

Cryptococcus species, Blastomyces species, and 

Mucorales. It is not species or genus- specific, rather just 

an indicator of invasive fungal infections; hence further 

tests are needed to identify the specific fungus. However, 

it can be very useful adjunct to blood cultures. For 

example, in intra-abdominal candidiasis, it can be 

invaluable in detecting deep-seated candidiasis when 

blood cultures are negative. This test has the drawback of 

false positivity in patients with risk factors such as 

Candida or mold colonization, human blood products, 

hemodialysis or hemofiltration, some gram positive 

bacteria, certain beta-lactam antibiotics, cellulose 

dressings, enteral nutrition, mucositis, and disruptions of 

GI tract integrity. 9,10 

MALDI-TOF-MS  

The advent of MALDI-TOF-MS (matrix-assisted laser 

desorption ionization-time of flight mass spectrometry) as 

a standard diagnostic procedure for yeast identification 

may lead to a better recognition of rare Candida spp., 

such as C. auris, that were previously misdiagnosed or 

unrecognized.3 Proteins that are released from Candida 

species are detected and compared with a large database 

of proteins from many species of yeast.9 It gives results 

fairly quick and thus helps to significantly reduce the 

delay to initiate appropriate antifungal therapy based on 

the Candida species.11 It is performed on colonies that 

have grown from a blood culture bottle, and results can 

be read in as short a period as 30 minutes. 

T2Candida panel  

The T2Candida nano diagnostic Panel is approved by 

FDA for detecting candidemia and using an automated 

process detects Candida directly within whole blood. It 

lyses RBCs, concentrates Candida and then amplifies 

DNA. Results are reported as positive or negative for C. 

albicans/ C. tropicalis, C. glabrata/ C. krusei, and C. 

parapsilosis, groupings that are based on typical 

antifungal susceptibility patterns.10 

T2 magnetic resonance  

Another FDA approved technique is T2 magnetic 

resonance (which combines PCR and nanoparticle based 

hybridization) which is designed to detect the five most 

common species of Candida and has been reported to 

have 99.4% specificity for candidemia. This can help in 

direct detection of Candida spp. in blood samples may 

improve the early detection of IC. While automated blood 

cultures systems usually require 1-3 days for the 

detection of yeasts, T2MR can identify Candida spp. 

within several hours from the time of sampling. This test 

however is expensive and data on cost-benefit ratio does 

not exist to advocate its routine use.3,8 

PCR  

The polymerase chain reaction (PCR) assay may be a 

very useful non-culture method for the diagnosis of 

systemic fungal infection in high-risk patients and can 

identify the species of Candida.9 Data regarding use of 

PCR in critical care is limited and there is currently no 

approved test commercially available for detecting 

candidemia.1,9 However available evidence is 

encouraging. For the detection of candidemia, the 

sensitivity of PCR has been reported to be similar to that 

of blood cultures (60%) and it has also proved to be 

effective in diagnosing deep-seated candidiasis with 

negative blood cultures.1  

The molecular and serologic techniques for diagnosis can 

prove to be invaluable tools for the early diagnosis of IFI. 

Since the interpretation of positive or negative results 

with different laboratory methods is difficult for 

clinicians, therefore for accurate diagnosis, more than one 

of these methods should be used.12 

Risk Factor and scoring system- based methods 

There are several risk factors which have been identified 

for invasive Candida infections, including higher Acute 

Physiology and Chronic Health Evaluation (APACHE) II 

scores, diabetes mellitus, surgery (especially abdominal 

surgery), renal insufficiency, pancreatitis, the use of 

broad-spectrum antibiotics, parenteral nutrition, 

hemodialysis, mechanical ventilation, the presence of 

central vascular catheters, and therapy with 

immunosuppressive agents. Extensive colonization of the 

skin or of the mucus membranes of the gastrointestinal 

and urogenital tracts often precedes development of 

invasive Candida infections, and this degree of 

colonization, assessed using the Colonization Index, has 

been shown to be an independent risk factor for 

development of candidiasis.  

Several prediction rules and scores have been proposed in 

recent years based on clinical, laboratory, and 
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microbiological parameters. These are presumed to aid 

clinicians in identifying patients at high risk of 

developing invasive fungal infections. Ostrosky-Zeichner 

et al. proposed a prediction rule characterized by a very 

high negative predictive value (0.97) and including the 

following parameters: use of systemic antibiotic therapy, 

total parenteral nutrition, dialysis, steroids or 

immunosuppressive agents, major surgery or pancreatitis, 

and the presence of a central venous catheter. Leon et al 

proposed the Candida score, an easy-to-use assessment 

system, integrates four risk factors (total parenteral 

nutrition, surgery, multifocal Candida colonization, and 

severe sepsis) and also has a high negative predictive 

value (0.98) to rule out invasive candidiasis. A total score 

of 3 or more has 81% sensitivity and 74% specificity for 

the diagnosis of invasive candidiasis, and a 7.7-fold 

greater risk of candidiasis.8  

Pragmatically, the real value of risk scores and clinical 

rules lies not in their relatively low positive predictive 

value for diagnosing invasive candidiasis but their high 

negative predictive value for ruling out infection. This 

may allow clinicians to withhold otherwise unnecessary 

antifungal treatments in critically ill patients and thus 

help to aid in the minimization of the emergence of 

resistant fungal strains.11 

TREATMENT 

There are three primary objectives of the treatment of 

invasive candidiasis. It aims to minimize:  

• Death, within 7 days of onset of infections;  

• Late complications from deep-seated candidiasis;  

• Rise of drug- resistant Candida strains.13 

Indeed, it has been shown in a study by Morrell et al, that 

delaying the initiation of antifungal therapy in ICU 

patients is associated with greater chances of mortality.7  

Prophylaxis strategy is defined as administration of 

antifungal agents to patients with risk factors for invasive 

candidiasis without clinical signs and symptoms of infection. 

Antifungal prophylaxis has been studied in ICU patients 

earlier; however, the quality of evidence is low and hence 

there is uncertainty with regards to outcomes and therefore 

optimal approach remains unclear, this expert panel does not 

recommend routine use of prophylaxis.  

The best approach to the optimal management of invasive 

fungal infections involves early detection and 

identification of the invading organism, so that 

appropriate treatment can be initiated as soon as possible. 

Unfortunately, patients with fungal infection often die of 

complications attributed to the infection despite 

antifungal therapy.12 If candidemia is suspected, blood 

cultures should be taken even in the absence of fever. 

Consequently, treatment should be started immediately 

after blood cultures grow yeasts without waiting for the 

results of identification of Candida species and 

susceptibility tests. Even though the EMPIRICUS trial 

did not show any mortality benefit with 14-day 

micafungin emipirical therapy, it did decrease the rate of 

new fungal infections, and this empirical treatment 

approach is still recommended by guidelines.14 Canadian 

guidelines suggest that critically ill patients who meet 

specific criteria based on clinical prediction rules may 

have a benefit from empirical antifungal therapy.1 

There are three main groups of antifungal agents: the 

azoles, the polyenes, and the echinocandins. The 

selection of an antifungal regimen is based on multiple 

factors, including, patient characteristics, epidemiological 

data, hospital setting, fungal strain, patient comorbidities, 

site of infection, and safety profiles of the antifungal 

agents but the most important is hemodynamic stability. 

Specific guidelines such as the IDSA and ESCMID 

guidelines are therefore available to help select optimal 

antifungal therapy.8 According to the current IDSA 

guidelines the physician can choose between fluconazole, 

echinocandins, amphotericin B or its lipid formulations 

and voriconazole (A-I). The recent guidelines of the 

European Society of Clinical Microbiology and 

Infectious Diseases (ESCMID 2011) endorse the use of 

echinocandins (grade A) before LipAmB (grade B) and 

fluconazole (grade C). Even the echinocandins are 

preferred when the patient has hemodynamic instability, 

has been previously exposed to fluconazole or when C. 

glabrata is isolated. The role of amphotericin B (or its 

various lipid formulations) is only as an alternative drug, 

when there is intolerance to the other two antifungal 

agents, in case of refractory or resistant infections, or 

suspicion of infection due to non-Candida pathogens like 

Cryptococci.1 The duration of antifungal therapy is for 

two weeks, without metastatic foci of infection, after 

documented clearance of Candida from the bloodstream 

and resolution of symptoms. For those patients with 

metastatic foci of infection like endophthalmitis or 

endocarditis, a longer duration of therapy may be 

warranted.15,16 

Overall, echinocandins are recommended as the first-line 

agents in most of the Candida infections, because of the 

following reasons: 1. Broad spectrum activity against most 

of the clinically important Candida species; 2. Better safety 

profile compared to other antifungal agents; and 3. Clinical 

superiority and fewer drug-drug interactions when compared 

to other systemic antifungals. In a patient-level meta-

analysis of 7 clinical trials with 1,915 patients, it was 

observed that treatment with an echinocandin was associated 

with decreased mortality.13 

Amongst the echinocandin class, there are subtle 

differences between the antifungal agents. Micafungin is 

non-inferior to caspofungin in the treatment of invasive 

candidiasis. This effect was found to be irrespective of 

the Candida species isolated, APACHE II score and 

neutropenic status at baseline as well as whether patients 

had candidemia or other forms of invasive candidiasis 

and how their catheters were managed. This non-
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inferiority to caspofungin was also demonstrated when 

used in treatment of esophageal candidiasis. The 

tolerability profile of micafungin is similar to 

caspofungin and better than liposomal amphotericin B.17 

In patients with liver dysfunction, anidulafungin might be 

the best-suited echinocandin. In a study which compared the 

pharmacokinetics of anidulafungin on heathy volunteers 

versus that of patients with liver dysfunction, no significant 

difference was observed between the two groups. This 

implied that dosage adjustment is not necessary when using 

anidulafungin in this group of patients. Another advantage 

of anidulafungin is that it undergoes non-hepatic slow 

degradation and that it does not have any known clinically 

significant drug-drug interactions.18 

For C. auris infections, the management consists of 

treatment with echinocandins (although MICs may be 

considerably higher compared to C. albicans), since they 

are highly resistant to fluconazole and in many cases also 

to voriconazole. This panel of experts recommends that 

owing to its high drug resistance, all C. auris infections 

should undergo antifungal sensitivity testing by default.16  

De-escalation 

Two weeks of antifungal treatment seem to be sufficient 

to prevent late complications from clinically important 

metastatic foci of infection in the vast majority of cases. 

This panel of experts was of the opinion that after 

treatment is initiated, blood cultures should be repeated 

every alternate day to document clearance of Candida 

from the bloodstream. In general, Treatment switching to 

fluconazole may be done once the patient is clinically 

stable, repeat blood cultures are negative and the Candida 

isolate is found to be sensitive to fluconazole. This 

strategy was shown to be safe and feasible for multiple 

Candida species, including C. glabrata. De-escalation to 

oral fluconazole may reduce exposure to echinocandins, 

limit the emergence of resistance to this important drug 

class, shorten hospital stay and limit costs.13 

Source control 

This panel of experts opined that central venous catheters 

(CVCs) are a well-documented risk factor for 

candidemia. C. albicans and C .parapsilosis are the most 

common Candida species associated with catheters and 

development of biofilms and are resistant to many 

antifungal agents. It has been seen in clinical studies that 

candidemia clearance is quicker if CVCs are removed 

and if they are allowed to persist, then it may be 

associated with higher mortality. Therefore, it was agreed 

upon the CVCs should be removed as early as possible if 

they are confirmed to be the source of infection.16 As per 

IDSA guidelines, nonneutropenic patients with 

candidemia should have a dilated ophthalmological 

examination, preferably performed by an 

ophthalmologist, within the first week after diagnosis. 

Chlorhexidine bathing of patients may be tried as this has 

been shown to reduce the rate of bloodstream infections, 

such as catheter related infections.15 

NEWER ANTIFUNGAL AGENTS 

In the last two decades, a range of antifungal agents have 

been developed which have proven their efficacy in 

management of invasive candidiasis. Currently approved 

echinocandins have drawbacks such as absence of an oral 

formulation and the need for daily administration. 

Therefore, to overcome these, newer agents are currently 

under development, and are in phase 1 or 2 trials, for the 

treatment and prophylaxis of invasive candidiasis, 

including agents with novel mechanisms of action.19  

Rezafungin is a novel echinocandin currently under 

development, which is long-acting. It has a comparable 

spectrum of coverage to echinocandins and enables once-

weekly extended interval dosing. It is given intravenously 

and has also been studied as subcutaneous administration. 

In-vitro studies have shown that it has potent activity 

against many azole-resistant and echinocandin-resistant 

Candida species. A phase 3 trial is currently underway to 

evaluate its efficacy in invasive candidiasis in 

comparison with caspofungin.19 

SCY-078, a derivative of enfumafungin, is a 

semisynthetic, triterpenoid, antifungal glucan synthase 

inhibitor, currently in phase 3 trials for the treatment of 

invasive and mucocutaneous fungal diseases. It has 

shown good bioavailability given as once-daily 

administration and has been studied both as oral and 

intravenous. Preclinical studies have demonstrated good 

in-vivo activity of this molecule against both albicans and 

non-albicans strains of Candida. It is currently being 

evaluated in an open-label study for its efficacy against 

refractory fungal diseases.19 

A new candidate drug belonging to arylamidine class, T 

2307 causes the collapse of mitochondrial membrane 

potential and is thus fungicidal. It has shown promising 

results both in-vitro and in-vivo against both C. albicans 

and C. glabrata. It is currently in phase 1 trial and is 

being touted as a potential antifungal agent for drug 

resistant Candida strains.19  

CONCLUSION 

Treatment of invasive candidiasis has evolved in the recent 

times. From the times of early-initiated risk-based empirical 

therapy, the therapy is shifting targeted antifungal therapy, 

owing to sensitive molecular diagnostic techniques. This 

expert panel was of the opinion that the single biggest reason 

for mortality in invasive candidiasis is delayed diagnosis and 

treatment. Hence emphasis should be given on the usage of 

non-culture based diagnostic techniques as well as from 

blood cultures, which remain the gold standard. 

Echinocandin class of drugs have revolutionized the 

management of invasive candidiasis and should be used 

without hesitation when the clinical situation warrants their 
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usage. Among this class of antifungals, Micafungin has 

demonstrated non-inferiority to Caspofungin in treatment of 

invasive candidiasis and has demonstrated a similar 

tolerability profile. At the same time, older agents like 

fluconazole still have a place in therapy and should be used 

in step down therapy wherever applicable, to minimize 

emergence of resistance to echinocandins and preserve their 

antifungal efficacy. Novel antifungal agents are currently in 

development for the treatment options for the resistant 

species of Candida, such as C.glabrata and C.auris, and 

hopefully will lead to a better management of these resistant 

species in the near future.13 
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