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Abstract
Background
The epidemiology of paediatric candidaemia has evolved, with non-albicans Candida (NAC) species
accounting for an increasing proportion of bloodstream infections in many healthcare settings. This shift is
particularly relevant in neonatal and paediatric intensive care units because antifungal susceptibility
patterns vary among Candida species. This study aimed to evaluate the species distribution, antifungal
susceptibility profiles and epidemiological characteristics of candidaemia at a tertiary-care paediatric
hospital in northern India.

Methods
This retrospective observational study included 86 children with candidaemia, each contributing one unique
bloodstream Candida isolate, between August 2018 and August 2021. Species were identified using the
VITEK-2 automated identification system (bioMérieux, Marcy-l’Étoile, France) and confirmed by matrix-
assisted laser desorption/ionisation time-of-flight mass spectrometry (MALDI-TOF MS). Antifungal
susceptibility to six agents (fluconazole, voriconazole, amphotericin B, caspofungin, micafungin and
flucytosine) was evaluated using VITEK-2 AST-YS07 cards and interpreted according to applicable Clinical
and Laboratory Standards Institute (CLSI) M60 clinical breakpoints. Where breakpoints were unavailable,
instrument-generated susceptibility categories were reported descriptively.

Results
Candidaemia was identified in 86 children among 3,440 hospital admissions (2.5 cases per 100 admissions).
Neonates accounted for 58/86 children (67.4%). NAC species accounted for 70/86 isolates (81.4%; 95% CI:
71.9-88.2%), with C. pelliculosa (27/86, 31.4%) and C. parapsilosis (22/86, 25.6%) being the most frequently
identified species. All 86 isolates were classified as susceptible to amphotericin B and micafungin (100%),
followed by voriconazole (84/86, 97.7%), caspofungin (83/86, 96.5%), flucytosine (82/86, 95.3%) and
fluconazole (72/86, 83.7%). Fluconazole non-susceptibility was reported in 14/86 isolates (16.3%), including
six C. parapsilosis and two C. pelliculosa isolates. These classifications included instrument-generated
categories for species-drug combinations lacking validated CLSI clinical breakpoints. No C. auris isolates
were identified.

Conclusions
Paediatric candidaemia at our institution was predominantly caused by NAC species, particularly C.
pelliculosa and C. parapsilosis, with neonates accounting for most cases. The observed variation in
fluconazole susceptibility highlights the importance of species-level identification and institution-specific
antifungal susceptibility surveillance. However, automated susceptibility classifications should be
interpreted cautiously for species-drug combinations lacking validated clinical breakpoints.

Categories: Public Health, Pediatrics, Infectious Disease
Keywords: antifungal susceptibility, candida pelliculosa (wickerhamomyces anomalus), neonatal intensive care unit
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Introduction
Candida species are important causes of healthcare-associated bloodstream infections and contribute
substantially to morbidity and mortality among hospitalised patients [1,2]. The epidemiology of invasive
candidiasis has changed over recent decades, with an increasing contribution of non-albicans Candida (NAC)
species in several geographic regions [3,4]. This shift has therapeutic implications because antifungal
susceptibility varies among Candida species. Some NAC species exhibit intrinsic or acquired resistance to
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fluconazole, while the emergence of multidrug-resistant species such as Candida auris has further
complicated the management of invasive candidiasis [5,6].

Neonates are particularly vulnerable to invasive candidiasis because of immune immaturity and frequent
exposure to invasive medical devices, parenteral nutrition, broad-spectrum antibiotics and prolonged
hospitalisation [7-9]. Infections in this population are associated with considerable morbidity, mortality and
adverse long-term outcomes [7,8]. Indian studies have documented a predominance of NAC species among
patients with candidaemia, particularly in intensive care settings [10-12].

The distribution of Candida species varies across institutions and patient populations. Candida pelliculosa
(Wickerhamomyces anomalus) and C. parapsilosis have been implicated in bloodstream infections in neonatal
intensive care units (NICUs) and paediatric intensive care units (PICUs) [13-15]. Their occurrence is clinically
relevant because of their association with healthcare environments, indwelling devices and potential
nosocomial transmission [13,14]. Reports from India have also described uncommon yeasts, including C.
blankii, in neonatal and paediatric populations [16]. The increasing recognition of C. auris in Indian
healthcare settings underscores the importance of continued microbiological surveillance [17].

Accurate species-level identification is essential for understanding local epidemiology and guiding
antifungal management. Conventional phenotypic and biochemical identification methods may have
limitations when uncommon yeasts are encountered [18]. In contrast, matrix-assisted laser
desorption/ionisation time-of-flight mass spectrometry (MALDI-TOF MS) enables the rapid and reliable
identification of clinically relevant yeasts, including uncommon species [18,19].

Despite the clinical importance of paediatric candidaemia, institution-specific data from North India remain
limited, particularly regarding uncommon NAC species and their antifungal susceptibility patterns. The
primary objective of this descriptive study was therefore to determine the species distribution and antifungal
susceptibility profiles of Candida bloodstream isolates at a tertiary-care paediatric referral hospital in North
India. The secondary objective was to describe the demographic and clinical characteristics of affected
patients over a three-year period.

Materials And Methods
Study design and setting
This retrospective observational study was conducted in the Department of Microbiology at the Post
Graduate Institute of Child Health (PGICH), Noida, Uttar Pradesh, India. Laboratory records covering the
three-year period from August 2018 to August 2021 were reviewed. PGICH is a tertiary-care paediatric
referral institution with dedicated neonatal and paediatric intensive care facilities. A total of 3,440
admissions were recorded across the entire hospital during the study period.

Study population and eligibility criteria
Children aged <18 years admitted to the NICU, PICU or paediatric wards during the study period were eligible
if their blood culture yielded a Candida species. Candidaemia was defined as the isolation of a Candida
species from at least one blood culture considered clinically significant based on combined clinical and
microbiological assessment. When contamination was suspected, repeat blood cultures were obtained, and
isolates subsequently considered contaminants were excluded.

To avoid duplicate counting, only the first positive bloodstream isolate from each patient was included;
therefore, each patient contributed one case and one isolate. Recurrent episodes following clinical
resolution were not counted separately. Repeat isolates from the same patient, isolates from specimens
other than blood, mixed cultures and records with insufficient microbiological information were excluded.

Data on age, sex, hospital location, prematurity, central venous catheterisation, total parenteral nutrition
and prior broad-spectrum antibiotic exposure were extracted from hospital records. Neonates were defined
as children aged 28 days or younger. Prematurity was defined as gestational age below 37 completed weeks
and was assessed among neonates only. Clinical exposures were recorded only when documented before the
first positive blood culture.

Sample collection and microbiological processing
Blood specimens obtained during the routine investigation of suspected bloodstream infection were
collected aseptically from peripheral sites and inoculated into BacT/ALERT 3D aerobic blood culture bottles
(bioMérieux, Lyon, France). Approximately 1-2 mL of blood was collected from neonates and 2-5 mL from
older children. Bottles were processed in the automated BacT/ALERT 3D system according to the
manufacturer's instructions and monitored for up to five days or until flagged positive. When a culture
became positive, direct Gram staining was performed. Samples demonstrating budding yeast cells were
subcultured on Sabouraud dextrose agar and incubated at 35-37°C for 24-48 hours to obtain isolated fungal
colonies.
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Identification of Candida species
Recovered yeasts were initially assessed using colony morphology and microscopic findings on Gram
staining. Species identification was performed with the VITEK-2 Compact system (bioMérieux, Marcy-
l’Étoile, France) using Yeast Identification (YST) cards. Identification of all 86 isolates was subsequently
confirmed by MALDI-TOF MS using the Bruker Biotyper platform (Bruker Daltonics, Bremen, Germany).
Colonies underwent ethanol-formic acid protein extraction, and spectra were compared with the Bruker
Biotyper reference library. Species identification was accepted at a score ≥2.0 (species-level identification,
per manufacturer).

Antifungal susceptibility testing
Antifungal susceptibility testing was performed using the automated VITEK-2 Compact system with AST-
YS07 cards (bioMérieux), a commercial broth microdilution-based method. The panel comprised fluconazole,
voriconazole, amphotericin B, caspofungin, micafungin and flucytosine. Inocula were prepared from fresh
overnight cultures and adjusted to a 2.0 McFarland standard using a DensiChek Plus densitometer.
Minimum inhibitory concentrations (MICs) were generated by the instrument software. The Clinical and
Laboratory Standards Institute (CLSI) M27 reference broth microdilution method was not performed [20].

As part of routine laboratory reporting, susceptibility categories were assigned according to the species-
specific clinical breakpoints in CLSI M60 [21,22], and these CLSI-interpreted categories are reported here.
For species-drug combinations without a CLSI M60 clinical breakpoint, including all amphotericin B and
flucytosine entries, the category generated by the VITEK-2 software is reported and marked † in the
susceptibility table. Non-susceptible denotes intermediate, susceptible-dose dependent or resistant
categories.

MIC values and the final susceptibility categories were transcribed from the laboratory reports into a
structured worksheet, and a random 10% sample was cross-checked against the original reports for
transcription accuracy. Quality control was performed with C. parapsilosis ATCC 22019 and C. krusei ATCC
6258 according to the manufacturer's recommendations.

Statistical analysis
Data were compiled in Microsoft Excel (Microsoft Corporation, Redmond, Washington, United States) and
analysed using IBM SPSS Statistics for Windows, Version 25.0 (IBM Corp., Armonk, New York, United States).
Descriptive statistics were used throughout. Categorical variables are presented as frequencies and
percentages, with the denominator specified for each proportion. The frequency of candidaemia was
expressed as the number of cases per 100 hospital admissions during the study period (86/3,440×100=2.5),
using total hospital admissions as the denominator. This represents a crude descriptive frequency rather
than a population-based incidence rate. Wilson score 95% confidence intervals were calculated for selected
proportions. As the study was descriptive and did not include a comparison group, no hypothesis testing or
risk-factor analysis was performed.

Ethics
This was a secondary analysis of retrospectively collected routine clinical and laboratory records, conducted
under a protocol approved by the Institutional Ethics Committee of the Post Graduate Institute of Child
Health, Noida (approval number: 2024-12-IM-05). The Institutional Ethics Committee waived the
requirement for individual informed consent because of the retrospective design and the use of anonymised
data.

Results
Patient demographics and clinical characteristics
During the three-year study period, 86 Candida bloodstream isolates from 86 children met the inclusion
criteria. Fifty-eight children (67.4%; 95% CI: 57.0-76.4%) were neonates, and 28 (32.6%) were older children.
Most cases occurred in the NICU (49/86, 57%), followed by the PICU (20/86, 23.3%) and paediatric wards
(17/86, 19.8%). The male-to-female ratio was 1.6:1. The frequency of candidaemia was 2.5 cases per 100
hospital admissions (86/3,440). No isolate was identified as Candida auris. Before the first positive blood
culture, broad-spectrum antibiotic exposure was documented in 72/86 patients (83.7%), central venous
catheterisation in 24/86 (27.9%) and total parenteral nutrition in 22/86 (25.6%). Prematurity was
documented in 32/58 neonates (55.2%). The demographic and clinical characteristics are summarised in
Table 1.
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Characteristic n/N (%)

Neonatal age (≤28 days) 58/86 (67.4%)

NICU location 49/86 (57%)

PICU location 20/86 (23.3%)

Other inpatient wards 17/86 (19.8%)

Prior broad-spectrum antibiotic exposure 72/86 (83.7%)

Central venous catheterisation 24/86 (27.9%)

Total parenteral nutrition 22/86 (25.6%)

Prematurity (neonates only) 32/58 (55.2%)

TABLE 1: Demographic and clinical characteristics of children with candidaemia
Prematurity uses the neonatal denominator (N=58); all other characteristics use the full cohort (N=86). Clinical exposures were documented before the
first positive blood culture.

NICU: neonatal intensive care unit; PICU: paediatric intensive care unit

Species distribution
NAC species accounted for 70/86 isolates (81.4%; 95% CI: 71.9-88.2%) and C. albicans for 16/86 (18.6%). The
most frequent species were C. pelliculosa (Wickerhamomyces anomalus) (27/86, 31.4%; 95% CI: 22.6-41.8%)
and C. parapsilosis (22/86, 25.6%; 95% CI: 17.5-35.7%), which together accounted for 49/86 isolates (57%). C.
albicans ranked third, followed by C. tropicalis (8/86, 9.3%). The remaining 13 isolates (15.1%) comprised
seven other species: C. ciferrii (n=4), C. krusei (n=3), C. guilliermondii (n=2), and C. lusitaniae, C. famata, C.
glabrata and C. lipolytica (n=1 each). The complete species distribution is presented in Table 2.

Species n/N (%)

Candida pelliculosa (Wickerhamomyces anomalus) 27/86 (31.4%)

Candida parapsilosis 22/86 (25.6%)

Candida albicans 16/86 (18.6%)

Candida tropicalis 8/86 (9.3%)

Candida ciferrii 4/86 (4.7%)

Candida krusei 3/86 (3.5%)

Candida guilliermondii 2/86 (2.3%)

Candida lusitaniae 1/86 (1.2%)

Candida famata 1/86 (1.2%)

Candida glabrata 1/86 (1.2%)

Candida lipolytica 1/86 (1.2%)

Total 86/86 (100%)

TABLE 2: Species distribution of Candida bloodstream isolates in children (N=86)

Antifungal susceptibility
All 86 isolates were tested against six antifungal agents (Table 3). Susceptibility was observed for
amphotericin B and micafungin in 86/86 isolates (100%), voriconazole in 84/86 (97.7%), caspofungin in
83/86 (96.5%), flucytosine in 82/86 (95.3%) and fluconazole in 72/86 (83.7%). All C. albicans (16/16, 100%)

 

2026 Perween et al. Cureus 18(10): e118483. DOI 10.7759/cureus.118483 4 of 8

javascript:void(0)
javascript:void(0)


and C. tropicalis (8/8, 100%) isolates were susceptible to all six agents.

Candida species (n) Fluconazole Voriconazole Amphotericin B Caspofungin Micafungin Flucytosine

Candida pelliculosa (Wickerhamomyces anomalus) (27) 25/27 (92.6%)† 27/27 (100%)† 27/27 (100%)† 27/27 (100%)† 27/27 (100%)† 27/27 (100%)†

Candida parapsilosis (22) 16/22 (72.7%) 21/22 (95.5%) 22/22 (100%)† 22/22 (100%) 22/22 (100%) 22/22 (100%)†

Candida albicans (16) 16/16 (100%) 16/16 (100%) 16/16 (100%)† 16/16 (100%) 16/16 (100%) 16/16 (100%)†

Candida tropicalis (8) 8/8 (100%) 8/8 (100%) 8/8 (100%)† 8/8 (100%) 8/8 (100%) 8/8 (100%)†

Candida ciferrii (4) 4/4 (100%)† 4/4 (100%)† 4/4 (100%)† 4/4 (100%)† 4/4 (100%)† 4/4 (100%)†

Candida krusei (3) 0/3 (0%) 3/3 (100%) 3/3 (100%)† 1/3 (33.3%) 3/3 (100%) 0/3 (0%)†

Candida guilliermondii (2) 1/2 (50%)† 1/2 (50%)† 2/2 (100%)† 2/2 (100%) 2/2 (100%) 1/2 (50%)†

Candida lusitaniae (1) 1/1 (100%)† 1/1 (100%)† 1/1 (100%)† 1/1 (100%)† 1/1 (100%)† 1/1 (100%)†

Candida famata (1) 1/1 (100%)† 1/1 (100%)† 1/1 (100%)† 1/1 (100%)† 1/1 (100%)† 1/1 (100%)†

Candida glabrata (1) 0/1 (0%) 1/1 (100%)† 1/1 (100%)† 0/1 (0%) 1/1 (100%) 1/1 (100%)†

Candida lipolytica (1) 0/1 (0%)† 1/1 (100%)† 1/1 (100%)† 1/1 (100%)† 1/1 (100%)† 1/1 (100%)†

Total (86) 72/86 (83.7%) 84/86 (97.7%) 86/86 (100%) 83/86 (96.5%) 86/86 (100%) 82/86 (95.3%)

TABLE 3: Antifungal susceptibility classifications of Candida bloodstream isolates by species
(N=86)
Data are presented as the number of isolates categorised as susceptible per number tested, n/N (%). Susceptibility categories were interpreted using
applicable CLSI M60 species-specific clinical breakpoints [21,22]. For species-drug combinations without established CLSI M60 clinical breakpoints (†),
VITEK-2-generated categories are presented descriptively. The C. glabrata isolate was categorised as susceptible-dose dependent (SDD) for
fluconazole, and SDD was counted as non-susceptible.

Fluconazole non-susceptibility was observed in 14/86 isolates (16.3%): C. parapsilosis (6/22, 27.3%), C.
pelliculosa (2/27, 7.4%), C. krusei (3/3, 100%), C. guilliermondii (1/2, 50%), C. lipolytica (1/1, 100%) and C.
glabrata (1/1, 100%; susceptible-dose dependent). Voriconazole non-susceptibility was observed in C.
parapsilosis (1/22, 4.5%) and C. guilliermondii (1/2, 50%). Caspofungin non-susceptibility was observed in C.
krusei (2/3, 66.7%) and C. glabrata (1/1, 100%); all three isolates were susceptible to micafungin (3/3, 100%).
Flucytosine non-susceptibility was observed in C. krusei (3/3, 100%) and C. guilliermondii (1/2, 50%).

Discussion
The present three-year, single-centre study describes the species distribution and antifungal susceptibility
of 86 Candida bloodstream isolates from children at a tertiary-care referral hospital in northern India. NAC
species predominated, accounting for 70/86 isolates (81.4%; 95% CI: 71.9-88.2%), and C.
pelliculosa (Wickerhamomyces anomalus) and C. parapsilosis together accounted for 49/86 (57%). This is
consistent with the broader shift towards NAC species described internationally [3,4] and with reports from
Indian neonatal and intensive care settings [10-12]. Species distribution nevertheless varies between
institutions according to patient population, clinical setting, study period and identification methods. Our
findings should therefore be regarded as institution-specific rather than representative of paediatric
candidaemia across India.

C. pelliculosa was the most frequent species (27/86, 31.4%; 95% CI: 22.6-41.8%). Although uncommon in
broader surveillance [3,4], it has been reported in Indian PICUs, where W. anomalus was the most frequent
rare yeast [13], and as the cause of a neonatal intensive care outbreak in Brazil with a possible clonal origin
[15]. These reports differ in setting and design. Our isolates were confirmed by MALDI-TOF MS, supporting
the reliability of species identification [18,19]. However, a high frequency of one species does not establish
an outbreak or common source. Molecular typing, environmental surveillance and epidemiological linkage
were not performed, so clustering could neither be confirmed nor excluded.

C. parapsilosis was the second most frequent species (22/86, 25.6%; 95% CI: 17.5-35.7%). This species is an
established cause of healthcare-associated candidaemia, particularly in neonates, and has been associated
with intravascular devices, parenteral nutrition, biofilm formation and transmission via healthcare workers'
hands [14]. In our cohort, central venous catheterisation was documented in 24/86 children (27.9%), total
parenteral nutrition in 22/86 (25.6%) and prematurity in 32/58 neonates (55.2%). Without a comparison
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group or species-specific analysis, no association with candidaemia or C. parapsilosis infection can be
established. Previous studies have identified several predisposing factors for neonatal invasive candidiasis
[7-9], but these associations were not evaluated in the present study.

Neonates accounted for 58/86 cases (67.4%; 95% CI: 57.0-76.4%), 49/86 cases (57%) occurred in the NICU,
and 72/86 children (83.7%) had received broad-spectrum antibiotics before the first positive blood culture.
Neonates are particularly vulnerable to invasive candidiasis because of immune immaturity, prematurity
and exposure to invasive supportive care [7-9]. In the NeoOBS cohort from low- and middle-income
countries, 22% (28/127) of neonates with invasive candidiasis died within 28 days of enrolment [23]. We did
not evaluate mortality, treatment or clinical outcomes, so the clinical consequences of our findings cannot
be assessed. The frequency of 2.5 cases per 100 admissions (86/3,440) represents a crude hospital-based
measure that does not account for patient-days or unit-specific exposure and should not be interpreted as an
incidence rate.

Fluconazole had the lowest proportion of isolates classified as susceptible (72/86, 83.7%), while 14/86
isolates (16.3%) were non-susceptible. These comprised C. parapsilosis (6/22, 27.3%), C. pelliculosa (2/27,
7.4%), all three C. krusei isolates, one of two C. guilliermondii isolates, the single C. lipolytica isolate and the
single C. glabrata isolate, which was classified as susceptible-dose dependent (SDD). Intrinsic fluconazole
resistance in C. krusei and reduced azole susceptibility in some NAC species are well recognised [2,6]. Under
CLSI criteria, C. glabrata is categorised as SDD or resistant to fluconazole rather than susceptible [21,22].
Fluconazole non-susceptibility in C. parapsilosis is particularly relevant because azole resistance in this
species has been increasingly recognised [6]. In the NeoOBS cohort, 59% of C. parapsilosis isolates were
reported as fluconazole-resistant [23]. However, differences in patient populations, susceptibility testing
methods and interpretive categories, particularly resistance versus non-susceptibility, limit direct
comparison between studies.

All 86 isolates were classified as susceptible to micafungin and amphotericin B, while 84/86 (97.7%) were
susceptible to voriconazole. Two of three C. krusei isolates and the single C. glabrata isolate were non-
susceptible to caspofungin but susceptible to micafungin. CLSI clinical breakpoints are available for both
echinocandins in these species [21,22]. However, the discordance involved only three isolates and was not
confirmed by reference broth microdilution. It remains unclear whether these findings reflect genuine
differences in activity in vitro or variability associated with automated susceptibility testing [24].
Confirmation using a reference susceptibility method would be necessary before drawing further conclusions
[20].

The susceptibility findings require cautious interpretation. CLSI M60 does not provide clinical breakpoints
for amphotericin B, flucytosine or several uncommon species-drug combinations [21,22]. For these
combinations, VITEK-2-generated susceptibility categories are descriptive and are not equivalent to
classifications based on validated clinical breakpoints. Automated susceptibility results should also be
interpreted with consideration of the limitations of the testing method [24]. Although the automated system
generated MIC values, only susceptibility categories were analysed. These findings describe local in vitro
susceptibility patterns; however, classifications for species-drug combinations without validated clinical
breakpoints cannot establish clinical resistance or reliably predict treatment outcomes.

No C. auris isolates were identified during the study period. This species is an emerging multidrug-resistant
yeast [5] reported in Indian neonatal and paediatric populations [17], and its absence from our cohort does
not exclude its occurrence at other times or in other healthcare settings. Continued species-level
surveillance remains important for identifying changes in the distribution of uncommon and emerging
yeasts. These descriptive findings alone do not justify changes to empirical antifungal treatment policies;
clinical management should continue to follow established guidelines and individual patient assessment [2].

This study has several limitations. Its retrospective, single-centre design and relatively small sample size
restrict generalisability, particularly for species represented by only one to four isolates. The absence of a
comparison group prevented the assessment of risk factors, while the lack of species-specific exposure
analysis limited the evaluation of potential associations. Clinical documentation may have been incomplete,
and antifungal treatment and patient outcomes were not assessed. Molecular sequencing and strain typing
were not performed, preventing the investigation of possible transmission or clustering. Susceptibility
testing was not confirmed by reference broth microdilution, and established clinical breakpoints were
unavailable for several species-drug combinations. Furthermore, the relatively small blood volumes
collected from neonates may have affected blood culture sensitivity.

Conclusions
This single-centre study highlights the predominance of NAC  species in paediatric candidaemia at a tertiary-
care hospital in northern India, particularly C. pelliculosa and C. parapsilosis, with neonates accounting for
the majority of cases. Fluconazole showed the lowest proportion of susceptible isolates, whereas all isolates
were categorised as susceptible to micafungin and amphotericin B; interpretation was limited by the absence
of validated clinical breakpoints for certain species-drug combinations. These institution-specific findings
underscore the importance of accurate species identification, cautious interpretation of antifungal
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susceptibility results and continued local surveillance. Larger multicentre studies incorporating reference
susceptibility testing and clinical outcomes are warranted.
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