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Abstract

Purpose of review—The goal of this review was to provide an update on the prevention and 

treatment options for invasive candidiasis (IC) in the neonatal intensive care unit (NICU) and 

pediatric intensive care unit (PICU).

Recent findings—Studies have further validated the use of fluconazole for IC prophylaxis 

among high-risk patients in the NICU. It remains unclear if prophylaxis leads to resistance 

development and the ideal dosage regimen is still not clear. Recent studies have been published 

comparing caspofungin and micafungin to amphotericin B and illustrated similar efficacy 

outcomes in the NICU. Micafungin now has approval from the United States Food and Drug 

Administration (FDA) for use in infants < 4 months of age. Prophylactic strategies in the PICU 

could include zinc and vitamin D. Anidulafungin has recent non-comparative data supporting use 

in pediatric patients older than 1 month of age and also has a recent FDA approval for use in 

children 1 month of age and older.

Summary—Fluconazole prophylaxis remains a reasonable strategy in select NICU patients, 

although further analyses of resistance and the optimal dosage regimen are needed. Echinocandins 

are potential therapeutic options for non-meningitis or urinary tract infections in both the neonatal 

and pediatric population.
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Introduction

Invasive candidiasis (IC) is a nosocomial infection that occurs in the neonatal intensive 

care unit (NICU) and the pediatric intensive care unit (PICU) [1]. While molds like 

Aspergillus also occur, they are much less common than Candida species [2]. The most 

common pathogenic species is C. albicans, but non-albicans Candida like C. Parapsilosis, C. 
tropicalis, and others are frequent and regional differences in pathogenic species have been 

described [3].

The categorization of “invasive” candidiasis typically includes Candidemia, Candida 
meningitis, Candida endocarditis, but usually does not include mucosal candidiasis (e.g., 

oropharyngeal or vaginal candidiasis) [4]. Unique to the pediatric population, candidiasis 

of the urinary tract can be associated with poor outcomes and central nervous system 

involvement is commonly of concern [5]. Analyses of prophylactic strategies may utilize 

colonization site cultures (e.g., respiratory and gastrointestinal tract) as a surrogate for more 

severe disease, but treatment approaches generally focus on the less common, but more 

severe invasive candidiasis.

In 2010, IC was reported as 1.4 infections/1000 NICU admissions overall (down from 3.6 

in 1997), with multifold higher rates reported in patients with birth-weights < 1000 g and 

the highest in those < 750 g (23.8 infections/1000 NICU admissions in 2010, down from 

82.7 in 1997) [6]. The reductions up to 2010 were likely due to increased use of fluconazole 

prophylaxis and decreased antimicrobial utilization, but a recent study has described a 

leveling off in infection reduction from 2011 to 2018 [6, 7]. In the PICU, rates of IC have 

been reported as 4.2 infections/100 admissions of patients at least 7 days of age with at least 

a 3-day admission [8]. A recent analysis reported a reduction in infections in the PICU from 

2011 to 2018 [7].

Invasive candidiasis is associated with high morbidity and mortality, with mortality rates 

ranging from 10 to 28% for pediatric patients as a whole [3]. Mortality rates in the NICU 

for IC are estimated to be around 20% and are inversely correlated with birth-weight, with 

reported mortality up to 50% in very low birth-weight infants [3]. Among survivors, long-

term neurodevelopmental complications can occur in 10–50% of patients [3, 9]. Among 

severe sepsis patients in the PICU, a multicenter database analysis reported case fatalities for 

fungal infections of 25.9% in 2014. This was higher than the 13.9% mortality for Klebsiella 
pneumoniae, which had the next highest mortality among non-viral pathogens [2]. Due 

to the severe complications associated with IC, effective prevention strategies and optimal 

treatment strategies are imperative.

The guidelines currently published for the treatment of candidiasis with pediatric 

recommendations are the European Society for Clinical Microbiology and Infectious 

Diseases (ESCMID) and Infectious Diseases Society of America (IDSA) guidelines 

published in 2012 and 2016, respectively [4, 10]. Some of the recommendations in the 

guidelines were based on minimal evidence and new data has been published since the 

2016 update. In this review, we aimed to discuss recent publications and elucidate if or how 

these publications could impact the prevention and treatment of IC in neonatal and pediatric 
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intensive care units. Table 1 provides a brief summary of the important new literature and 

the implications of that literature on practice.

Antifungal utilization in the NICU and PICU

As with other medications, antifungals have historically been approved by the Food and 

Drug Administration (FDA) for use in adults and then studies were done in the pediatric 

and neonatal population to assess safety, pharmacokinetics, and efficacy. Figure 1 illustrates 

the dates of pediatric FDA approvals for the systemic antifungals currently available in 

the United States since 2014. Off-label antifungal use, either with off-label indications or 

age groups, is common in pediatric and NICU patients, especially for salvage therapy. For 

example, amphotericin B deoxycholate is a guideline-recommended treatment option that 

has been used for years, but current manufacturer package inserts do not have data for use in 

pediatric patients [11].

Fluconazole is the most common antifungal used in the neonatal population, with most 

of its utilization attributed to prophylaxis that may not be consistent with guideline 

recommendations [12, 13]. The second highest antifungal utilized in the NICU population 

is amphotericin B, which comes in the “conventional” or deoxycholate form (AmpB-D), 

a liposomal form (AmpB-L), and a lipid complex form. Other agents like voriconazole 

(available intravenously or orally), posaconazole (available intravenously or orally), 

itraconazole, and recently approved isavuconazonium account for a small proportion of 

utilization. Importantly, most utilization studies were completed before some of these agents 

became available or labeled in the pediatric population and thus utilization may have 

recently changed.

Antifungal utilization data specific to the PICU are difficult to discern, but in the pediatric 

population as a whole, fluconazole use still predominates, followed by echinocandins and 

voriconazole [12]. Importantly, echinocandins and voriconazole are used for prophylaxis in 

the hematologic/oncologic population and this may account for the bulk of their use in the 

PICU. Amphotericin B products have significantly less use. Other antifungals are used in 

this population, but still less compared to fluconazole and echinocandins. Antifungal drug 

information and clinical pearls are presented in Table 2.

Guideline recommendations for antifungal prophylaxis in the NICU

The most recent 2016 guidelines suggest that antifungal prophylaxis in the NICU can be 

effective at preventing IC and potentially mortality. The recommended regimen is a 3–6 

mg/kg twice weekly dose of fluconazole for 6 weeks only in patients < 1000 g in institutions 

with a high IC incidence rate (> 10%) [4].

These recommendations were based on multiple randomized control trials and observational 

studies illustrating general benefit in this high-risk population without apparent risks or 

resistance described. In Cochrane Database meta-analyses prior to the 2016 guideline, 

antifungal prophylaxis (primarily fluconazole) decreased IC and studies with higher initial 

rates of fungal infection (typically cited as > 10%) were more likely to have an impact [14, 

15]. The commonly cited number needed to treat for benefit (NNTB) is approximately 11 
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in the NICU population based on an aggregate incidence of ~ 16% in the control groups, 

but the NNTB would vary based on the initial institutional incidence rate. The meta-analyses 

prior to the 2016 guideline publication did not illustrate a significant reduction in mortality 

[14, 15]. Institutions have also used more selective criteria such as patients < 750 g with 

central lines or patients < 1500 g that required more than 3 days of broad-spectrum 

antibiotics and still showed a successful reduction in infections without a subsequent 

increase in IC in patients not receiving prophylaxis [16].

Recent publications related to antifungal prophylaxis in the NICU

Since the publication of the 2016 guidelines, one pre-post implementation study failed 

to find a reduction in IC when fluconazole 3 mg/kg/day twice weekly was used for 4 

weeks in patients born < 1000 g at an institution with a baseline IC rate of 4.4% [17]. 

Two meta-analyses since the last guidelines, which combined studies with different dosing 

schedules, were able to show that overall fluconazole prophylaxis decreased IC-related 

mortality [18, 19]. These new data are generally confirmatory of previous recommendations 

for fluconazole prophylaxis at institutions with high IC rates in high-risk patients.

New literature and secondary analyses of previous studies have attempted to determine an 

optimal fluconazole prophylaxis dosing regimen, although it is still controversial. Adult 

based prophylactic studies have suggested that concentrations > 2 mcg/mL (typically an 

AUC of 50 mcg*h/L) are ideal for prophylaxis. Some Candida species have minimum 

inhibitory concentrations of 4 mcg/mL. Two population pharmacokinetic monitoring studies 

have illustrated that 3 mg/kg twice weekly would achieve troughs > MIC for most Candida 
species, but 6 mg/kg twice weekly may be needed for Candida with an MIC of 4 mcg/mL or 

above [20, 21]. Common Candida MICs at a given institution should be taken into account 

when deciding on an institutional fluconazole prophylaxis regimen.

When looking at clinical outcomes based on dosage, one meta-analysis suggested that 

there was no difference in IC or overall mortality when comparing dosing regimens of 3, 

4, or 6 mg/kg/dose administered twice weekly or every 3 days, although 6 mg/kg/dose 

was considered better for the mortality benefit on sensitivity analyses performed by the 

authors [19]. The authors overall recommended 3 mg/kg/dose as the best dose to minimize 

exposure but still have an equal effect. A second meta-analysis from 2021, also including 

multiple dosing regimens, found that the mortality benefit seen in the overall cohort was 

seen primarily in studies using the dosing regimen of 3 mg/kg/day every 3 days weeks 1 and 

2 and increased over the next 3 weeks to daily dosing during weeks 5 and 6 [18]. The ideal 

fluconazole prophylactic dosing regimen remains unclear.

A large concern surrounding fluconazole prophylaxis is the potential for resistance 

development and recent studies have attempted to answer this question. A secondary 

analysis of a randomized study on fluconazole prophylaxis looked specifically at 

resistance development and found a higher MIC among Candida colonization cultures 

after prophylaxis, although this MIC was still in the susceptible range (median MIC of 

1 mcg/mL) [22•]. Most of the colonizing Candida obtained were C. albicans with C. 
parapsilosis being the second most common. There were also no breakthrough infections 
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with fluconazole-resistant Candida in this study. In a secondary analysis of a prospective 

observational study regarding fungal infections in the NICU, none of the three infants with 

resistant Candida isolates (2 C. albicans and 1 C. glabrata out of a 110 patients) received 

fluconazole prophylaxis prior to the infection [23]. A recent pre-post implementation study 

from Korea reported a non-significant increase in resistance within patients using a 3 mg/kg/

dose twice weekly in fluconazole-resistant C. Parapsilosis (0/3 resistant in the control group 

and 5/9 in the fluconazole group [17]. A randomized controlled trial from India also reported 

no C. albicans infections with fluconazole resistance when prophylaxis was used, but 60% 

resistance among C. tropicalis (a species not commonly seen in other studies) [24]. An 

additional study from Taiwan also illustrated the potential for M. furfur colonization with 

1 breakthrough infection in patients receiving prophylaxis versus minimal colonization and 

no infections in patients without prophylaxis [25]. Multiple studies did not find evidence 

of future resistance problems with fluconazole prophylaxis, but regional differences in 

fungal infection pathogens and low sample sizes preclude an accurate determination of 

the occurrence of fluconazole resistance due to prophylaxis. Additionally, studies have not 

looked at the impact of fluconazole prophylaxis on institutional or regional susceptibility 

patterns for Candida species.

Guideline recommended treatment options for invasive candidiasis in the 

NICU

The 2016 IDSA and 2012 ESCMID guidelines both recommend either fluconazole (if 

no prior fluconazole exposure) or amphotericin B for neonatal IC treatment, with the 

IDSA guidelines recommending caution with the use of the lipid/liposomal amphotericin 

B formulations in the neonatal population [4, 10]. These recommendations were based 

on small prospective studies including 23 and 56 infants and a retrospective database 

study. The first study compared AmpB-D and fluconazole (23 total patients) and found 

similar treatment outcomes with a better safety profile in the fluconazole cohort [26]. 

The second study compared AmpB-D, AmpB-L, and amphotericin B colloidal dispersion 

(an amphotericin B dosage form not currently being manufactured in the USA) to treat 

bloodstream infections and found all formulations to be effective (56 total patients) [27]. 

This study did not evaluate central nervous system (CNS) infections, a common concern 

in neonates. A database study found that among 730 patients with IC (65% with blood 

involvement, 21% urine involvement, < 1% CNS, and 14% mixed), infants treated with 

lipid formulations of Amphotericin B (including liposomal, lipid complex, and colloidal 

dispersion) had higher mortality rates than infants treated with fluconazole or AmpB-D after 

controlling for other factors. Overall group mortality was 19%, but was 29% in the AmpB 

lipid-treated patients [28].

Prior to the 2016 guideline publication, there was limited data for echinocandins in neonates. 

Micafungin was compared to AmpB-L in a prospective study containing 14 patients where 

7/7 (100%) patients in the micafungin group vs 4/7 (57.1%) in the AmpB-L group had 

treatment success [29]. Caspofungin was compared to AmpB-D in 32 neonates with IC 

and demonstrated a favorable response in 86.7% of patients compared to 41.7% (p-value 

= 0.04) in the AmpB-D cohort [30]. Of note, only a total of 5 patients from both these 

Fly et al. Page 5

Curr Treat Options Infect Dis. Author manuscript; available in PMC 2022 November 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



studies in the echinocandian cohorts had CNS infections, and echinocandins are reported 

to have poor penetration of the CNS (Table 2). There is a concern for nephrotoxicity when 

using AmpB-D; however, studies in the neonatal population have an acceptable toxicity 

profile with AmpB-D [27, 28]. Fluconazole is traditionally well tolerated, but has intrinsic 

resistance to C. krusei and auris and can have variable resistance to C. glabrata and tropicalis 
[31, 32]. With a continuing concern for resistance development over time, it is important to 

evaluate alternative treatment options.

Recent publications related to treatment options for invasive candidiasis in 

the NICU

Micafungin gained FDA approval for patients under 4 months of age in 2019 based on 

safety data from 168 patients accrued from 9 clinical trials (Fig. 1). Although the label 

does include descriptions of 10 mg/kg/day or higher dosing specifically for patients with 

meningoencephalitis, the 4 mg/kg/day dose was the approved dose and it is not indicated 

for patients with meningoencephalitis or ocular disease [33]. Caspofungin does not have 

FDA approval for use in neonates/preterm infants < 3 months of age, and anidulafungin has 

approval for patients 1 month of age and older [34, 35]. Recent prospective studies have 

investigated the safety and efficacy of echinocandins as compared to the traditional standard 

of care, AmpB-D, although both were terminated early due to slow recruitment [36••, 37••].

A phase 3, randomized, double-blinded, parallel group, non-inferiority study randomized 

infants from 3 to 120 days of life with a positive Candida sp. culture to receive either 

micafungin 10 mg/kg/day or AmpB-D 1 mg/kg/day [36••]. There were 20 patients included 

in the micafungin group (16 with candidemia and 7 with urinary tract involvement) and 

10 in the AmpB-D group (7 with candidemia and 1 with urinary tract involvement). Two 

patients in the micafungin and one in the AmpB-D arm had CNS involvement identified 

by the data review board. Fungal-free survival (FFS) was achieved in 12 patients (60%) 

in the micafungin group compared to 7 (70%) in the AmpB-D group. In a secondary 

analysis, there was a positive clinical response on day 7 in 61% and 70% in the micafungin 

and AmpB-D groups. Persistent fungal infections occurred in 2 (10%) of infants in the 

micafungin group and 2 (20%) of the AmpB-D group, with C. parapsilosis, glabrata, and 

albicans being responsible. Adverse events occurred in similar proportions for each group, 

with 18 (90%) in the micafungin group and 9 (90%) in the AmpB-D group experiencing a 

treatment-emergent adverse event. Bilirubin and hepatic enzymes were elevated more in the 

micafungin group and electrolyte replacement and acute kidney injury (AKI) were higher 

in the AmpB-D group. A pharmacokinetic analysis based on targets from animal models 

of Candida meningoencephalitis, demonstrated a dose of 10 mg/kg/day of micafungin is 

adequate for CNS disease while also being safely tolerated [36••].

A phase 2 randomized, multicenter, double-blind, comparator-controlled study also 

compared caspofungin 2 mg/kg/day to AmpB-D 1 mg/kg/day [37••]. The study enrolled 

33 patients (1 with meningoencephalitis, 24 with candidemia) in the caspofungin arm and 16 

in the AmpB-D arm (1 with meningoencephalitis, 8 with candidemia). FFS, 71% and 68.8%, 
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respectively, was similar between the 2 groups. Two (6.5%) patients in the caspofungin 

group had drug-related side effects versus 2 (12.5%) in the AmpB-D arm [37••].

A multicenter, observational, prospective trial published in 2019 from France investigated 

the safety and efficacy of micafungin in pediatric patients [38]. This study enrolled a total 

of 29 non-hematologic neonates treated for mostly probably IC, with only two neonates 

having confirmed IC (C. albicans and C. glabrata). The investigators found micafungin 

to be effective in 28/29 (97%) of infants. The safety analysis in NICU patients found 4 

adverse events and none were considered to be related to the study drug. The mean dose 

of micafungin in this study was 7.6 mg/kg/day. The authors concluded that micafungin was 

well tolerated in neonates.

A secondary analysis of a prospective observational study described the prevalence of 

Candida sp. resistant to AmpB-D, fluconazole, and micafungin in infants with IC [23]. 

There were 110 infants that yielded a total of 308 Candida isolates with susceptibility data. 

The most common Candida sp. were albicans (60%), parapsilosis (35%), and glabrata (3%). 

All isolates were found to be susceptible to AmpB-D and micafungin; 3 were resistant 

to fluconazole. There were 42% of included infants with a high MIC pathogen (defined 

above the 90th percentile MIC of all isolates) to one of the three aforementioned agents. 

Having this high MIC pathogen did not correlate with prior receipt of fluconazole or 

nystatin prophylaxis and did not correlate with death rates, neurodevelopment impairment, 

or a combined endpoint at 18–22 months of age. While a subgroup analysis was not 

performed, it should be noted that all of the 7 patients with a Candida MIC of ≥ 2 mcg/mL 

for fluconazole either died or had neurodevelopmental impairment at 18–22 months. The 

study authors concluded MIC elevations that are still considered susceptible may not 

impact treatment outcomes, but the number of resistant isolates was small. Thus, outcome 

differences and treatment options for patients harboring a Candida sp. with a fluconazole 

MIC ≥ 2 mcg/mL remain unclear.

The literature surrounding the safety and effectiveness of echinocandin use in the NICU has 

increased since the publication of the 2016 guidelines and may suggest the use of this class 

of antifungal agents in select patient populations, although efficacy is still unclear in CNS 

disease. Alternative azole antifungals aside from fluconazole have been used for salvage 

therapy or non-candidal fungal infections (e.g., voriconazole for Aspergillus), but robust 

safety and efficacy data in the neonatal population is very limited (Table 2).

Guideline recommended fungal prophylaxis in the pediatric intensive care 

unit

In the 2016 guidelines for Adult ICUs, prophylaxis could be used in centers with > 5% IC 

rates in select high-risk patients. This verbiage does not specifically state use in a PICU, 

although some institutions may use this as guidance to determine if prophylaxis may be 

needed [4]. Risk factors for IC in the PICU identified via multivariable prediction models 

have included length of PICU stay, receipt of parenteral nutrition, need for central venous 

catheters, malignancy, thrombocytopenia, and broad-spectrum antibiotic use (specifically 

vancomycin and anaerobic active agents for > 3 days) [8, 39]. Utilizing a combination of 
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factors likely increases the sensitivity and specificity of these predictive factors. The ideal 

risk factor or combination of risk factors for IC has not been clearly elucidated, and thus, it 

can be difficult to determine the high-risk patients who need prophylaxis and/or treatment 

initiation [40]. It is important to note that many immunosuppressed patients or patients with 

chronic diseases predisposing them to infections (e.g., malignancy, chronic granulomatous 

disease, solid organ, or bone marrow transplant) may be receiving prophylactic antifungals 

as part of management for their primary disease. These antifungals are usually continued 

while in the PICU.

There is also no preferred agent for prophylaxis in PICU if it is to be started [40]. 

In the 2016 guidelines for adult ICUs, fluconazole is offered as a possible option with 

echinocandins as an alternative [4]. There is a concern for increases in resistance and 

adverse events, and therefore, prophylaxis with non-antifungal alternatives is commonly 

considered [41]. A prophylaxis method recommended in the 2016 guidelines for adult ICUs 

is daily chlorhexidine baths to reduce the incidence of bacteremia and as an end result also 

potentially reduce candidiasis, but other methods of prevention are critical to study to help 

prevent candidiasis in the PICU [42].

Recent publications regarding prophylaxis in the PICU

Recent studies have investigated the use of additional non-antifungal prophylaxis strategies 

to prevent and reduce the resistance of antifungal drugs. A randomized, placebo-controlled 

trial including 724 children (1–5 years old) assessed the efficacy of 20 mg elemental 

daily zinc (administered as a syrup) supplementation in patients admitted to the PICU. 

Plasma zinc concentrations are often low in critically ill patients and zinc has shown 

antimicrobial efficacy against C. albicans. Candidemia occurred in 10 patients (2.8%) with 

zinc supplementation compared to 22 (6%) in the placebo group (p = 0.03) [43•].

The same authors also studied the use of 300 IU vitamin D supplemented yogurt 

drinks as an alternative prophylaxis measure for 416 PICU patients (1–5 years of age) 

receiving broad-spectrum antibiotics for > 48 h. Candida colonization, especially in the 

gastrointestinal tract, is believed to correlate with higher incidences of IC and in vitro studies 

suggest vitamin D has fungicidal activity against C. albicans. Outcomes were measured 14 

days after initiation. Five patients (0.5%) in the vitamin D group had candidemia versus 

14 (6.7%) in the placebo group (p = 0.02) [44]. These two strategies may be simple 

non-antifungal-based methods to help decrease IC in the PICU.

Guideline recommendations for treatment of invasive candidiasis in the 

PICU

A wide array of patients are admitted to the PICU, including neonates and some adults with 

chronic childhood diseases. In general, patients are admitted to the PICU for advanced life 

support such as intubation due to respiratory failure, vasopressor administration, or other 

forms of advanced life support for hemodynamic compromise. Thus, antifungal use in the 

PICU is likely focused on the treatment of candidal sepsis.
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Prior to the publication of the 2016 guidelines, caspofungin and micafungin had FDA 

approval for use in infants and children, but anidulafungin only had approval for patients > 

16 years of age (Fig. 1). Although the PICU population is not clearly defined in the 2016 

candidiasis guidelines, the guidelines recommend echinocandins for first line for treatment 

of IC in nonneutropenic and neutropenic patients and thus would likely be considered 

first line in the PICU. Fluconazole is an option if the patient is not severely ill and as 

step-down therapy. Amphotericin B products and voriconazole are typically reserved for 

specific non-Candida infections or if there is resistance [4]. Table 2 provides additional 

information regarding antifungals in the pediatric population.

Recent publications related to the treatment of invasive candidiasis in the 

PICU

Two recent meta-analyses including pediatric and some neonatal studies illustrated 

similar outcomes between echinocandins and amphotericin B products possibly with less 

discontinuation of echinocandins due to side effects [45, 46]. A multicenter, observational, 

prospective trial from France included 14 PICU patients treated for potential IC (5 with 

proven IC) and illustrated effective outcomes in 12/14 patients (85.7%). One patient 

had hepatic lesions which were deemed to have a possible relation to micafungin [38]. 

Significant new comparative publications were not identified since the publication of the 

2016 guidelines.

Anidulafungin received FDA approval in 2020 for patients aged 1 month and up for 

candidemia or intra-abdominal abscesses/peritonitis due to Candida species, but not 

endocarditis, osteomyelitis, or meningitis (Fig. 1). This labeling came from 2 open-label 

non-comparative studies involving 49 patients 2–18 years and 19 patients 1 month to 2 years 

and [47, 48••]. The study with patients 2–18 years had an all-cause mortality rate of 14.3%, 

although only one death was likely due to IC with an overall global success rate of 70.8%. 

Bacteremia was the most common IC (93.4% of the study population) [47]. In the study with 

infants 1 month–2 years of age, 16 had culture-confirmed IC with 15/16 having candidemia 

and one infection involving the urinary tract. Only one (5.3%) patient died during the study 

and it was 40 days after enrollment. Global response success occurred in 11 patients (68.8%) 

[48••]. The authors concluded pediatric patients treated with anidulafungin had a similar 

response to adults and pharmacokinetic analyses achieved a similar drug response compared 

to adults. Due to the lack of a comparative study, the labeling change primarily extrapolated 

efficacy data from adult studies.

Overall the new data is not likely to significantly change IC treatment options in the PICU. 

It is important to remember that PICU patients could have renal or hepatic dysfunction 

and may require advanced life support techniques, continuous renal replacement therapy 

(CRRT), and/or extracorporeal membrane oxygenation (ECMO), all of which may impact 

antifungal drug dosing and selection. For example, patients in acute renal failure need a 

dose reduction for fluconazole use since it is excreted largely unchanged in the urine. 

Conversely, larger doses are needed in CRRT and ECMO due to increased fluconazole 

elimination and increased volume of distribution, respectively [49]. In these patients, the 
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dosage and selection of antifungals should be individualized based on pharmacokinetic and 

safety considerations of both the drug and the patient.

Summary

Invasive candidiasis is a concerning cause of infections in the NICU and PICU. 

Prophylaxis in NICU patients can be considered based on institutional IC rates and patient 

characteristics. The available evidence still has not clearly illustrated detrimental resistance 

development to this strategy. But, more data on the occurrence and relevance of antifungal 

resistance in institutions utilizing prophylaxis is needed. There are recent, albeit small 

sample size, studies utilizing echinocandins that could impact the initial antifungal treatment 

choice for IC in the NICU, and micafungin is now FDA approved for use in patients 

less than 4 months of age. It remains difficult to determine what PICU patients would 

benefit from antifungal prophylaxis, and strategies aside from antifungal prophylaxis could 

be considered. Echinocandins likely remain the primary treatment option for IC in PICU 

patients.

Conflict of interest

All authors reports grants from the Pediatric Pharmacy Association Neonatal Pharmacy Resident Small Research 
Grant, all outside the submitted work; Dr. Stultz, Dr. Bobo, and Dr. Fly report grants from the Board of Pharmacy 
Specialties that is outside of the submitted work. Dr. Stultz also reports personal speaker fees from the Pediatric 
Pharmacy Association, grants from the National Institutes of Allergy and Infectious Diseases, and the American 
College of Clinical Pharmacy, all outside the submitted work.

References

Papers of particular interest, published recently, have been highlighted as:

• Of importance

•• Of major importance

1. Lake JG, Weiner LM, Milstone AM, Saiman L, Magill SS, See I. Pathogen distribution and 
antimicrobial resistance among pediatric healthcare-associated infections reported to the National 
Healthcare Safety Network, 2011–2014. Infect Control Hosp Epidemiol. 2018;39(1):1–11. 10.1017/
ice.2017.236. [PubMed: 29249216] 

2. Ruth A, McCracken CE, Fortenberry JD, Hall M, Simon HK, Hebbar KB. Pediatric severe sepsis: 
current trends and outcomes from the Pediatric Health Information Systems database. Pediatr Crit 
Care Med. 2014;15(9):828–38. 10.1097/PCC.0000000000000254. [PubMed: 25226500] 

3. Pana ZD, Roilides E, Warris A, Groll AH, Zaoutis T. Epidemiology of invasive fungal disease 
in children. J Pediatric Infect Dis Soc. 2017;6(suppl_1):S3–11. 10.1093/jpids/pix046. [PubMed: 
28927200] 

4. Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA, Ostrosky-Zeichner L, et al. Clinical 
Practice Guideline for the Management of Candidiasis: 2016 Update by the Infectious Diseases 
Society of America. Clin Infect Dis. 2016;62(4):e1–50. 10.1093/cid/civ933. [PubMed: 26679628] 

5. Wynn JL, Tan S, Gantz MG, Das A, Goldberg RN, Adams-Chapman I, et al. Outcomes following 
candiduria in extremely low birth weight infants. Clin Infect Dis. 2012;54(3):331–9. 10.1093/cid/
cir800. [PubMed: 22144537] 

6. Aliaga S, Clark RH, Laughon M, Walsh TJ, Hope WW, Benjamin DK, et al. Changes in the 
incidence of candidiasis in neonatal intensive care units. Pediatrics. 2014;133(2):236–42. 10.1542/
peds.2013-0671. [PubMed: 24446441] 

Fly et al. Page 10

Curr Treat Options Infect Dis. Author manuscript; available in PMC 2022 November 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Piqueras AI, Rubio T, Lopez-Medina EM, Gimeno A, Modesto V, Canton E, et al. Recent changes 
in candidemia trends in a tertiary hospital (2011–2018). Rev Iberoam Micol. 2020;37(3–4):87–93. 
10.1016/j.riam.2020.09.005. [PubMed: 33279388] 

8. Jordan I, Balaguer M, Lopez-Castilla JD, Belda S, Shuffelman C, Garcia-Teresa MA, et al. 
Per-species risk factors and predictors of invasive Candida infections in patients admitted to 
pediatric intensive care units: development of ERICAP scoring systems. Pediatr Infect Dis J. 
2014;33(8):e187–93. 10.1097/INF.0000000000000274. [PubMed: 24717965] 

9. Benjamin DK Jr, Stoll BJ, Fanaroff AA, McDonald SA, Oh W, Higgins RD, et al. 
Neonatal candidiasis among extremely low birth weight infants: risk factors, mortality rates, 
and neurodevelopmental outcomes at 18 to 22 months. Pediatrics. 2006;117(1):84–92. 10.1542/
peds.2004-2292. [PubMed: 16396864] 

10. Hope WW, Castagnola E, Groll AH, Roilides E, Akova M, Arendrup MC, et al. ESCMID* 
guideline for the diagnosis and management of Candida diseases 2012: prevention and 
management of invasive infections in neonates and children caused by Candida spp. Clin 
Microbiol Infect. 2012;18(Suppl 7):38–52. 10.1111/1469-0691.12040. [PubMed: 23137136] 

11. Amphotericin B for injection [package insert]. Big Flats, NY: X-Gen Pharmaceuticals, Inc; 2010.

12. Stultz JS, Kohinke R, Pakyz AL. Variability in antifungal utilization among neonatal, pediatric, and 
adult inpatients in academic medical centers throughout the United States of America. BMC Infect 
Dis. 2018;18(1):501. 10.1186/s12879-018-3410-4. [PubMed: 30285738] 

13. Ferreras-Antolin L, Irwin A, Atra A, Dermirjian A, Drysdale SB, Emonts M, et al. Neonatal 
antifungal consumption is dominated by prophylactic use; outcomes from the pediatric antifungal 
stewardship: optimizing antifungal prescription study. Pediatr Infect Dis J. 2019;38(12):1219–23. 
10.1097/INF.0000000000002463. [PubMed: 31568253] 

14. Austin N, McGuire W. Prophylactic systemic antifungal agents to prevent mortality and 
morbidity in very low birth weight infants. Cochrane Database Syst Rev. 2013;4:CD003850. 
10.1002/14651858.CD003850.pub4.

15. Cleminson J, Austin N, McGuire W. Prophylactic systemic antifungal agents to prevent mortality 
and morbidity in very low birth weight infants. Cochrane Database Syst Rev. 2015;10:CD003850. 
10.1002/14651858.CD003850.pub5.

16. Weitkamp JH, Ozdas A, LaFleur B, Potts AL. Fluconazole prophylaxis for prevention of invasive 
fungal infections in targeted highest risk preterm infants limits drug exposure. J Perinatol. 
2008;28(6):405–11. 10.1038/sj.jp.7211914. [PubMed: 18185518] 

17. Lee J, Kim HS, Shin SH, Choi CW, Kim EK, Choi EH, et al. Efficacy and safety of fluconazole 
prophylaxis in extremely low birth weight infants: multicenter pre-post cohort study. BMC Pediatr. 
2016;16:67. 10.1186/s12887-016-0605-y. [PubMed: 27184665] 

18. Robati Anaraki M, Nouri-Vaskeh M, Abdoli OS. Fluconazole prophylaxis against invasive 
candidiasis in very low and extremely low birth weight preterm neonates: a systematic review 
and meta-analysis. Clin Exp Pediatr. 2021;64(4):172–9. 10.3345/cep.2019.01431. [PubMed: 
32683818] 

19. Leonart LP, Tonin FS, Ferreira VL, Tavares da Silva Penteado S, de Araujo Motta F, Pontarolo 
R. Fluconazole doses used for prophylaxis of invasive fungal infection in neonatal intensive 
care units: a network meta-analysis. J Pediatr. 2017;185:129–35 e6. 10.1016/j.jpeds.2017.02.039. 
[PubMed: 28285752] 

20. Momper JD, Capparelli EV, Wade KC, Kantak A, Dhanireddy R, Cummings JJ, et al. 
Population pharmacokinetics of fluconazole in premature infants with birth weights less than 750 
grams. Antimicrob Agents Chemother. 2016;60(9):5539–45. 10.1128/AAC.00963-16. [PubMed: 
27401564] 

21. Wade KC, Benjamin DK Jr, Kaufman DA, Ward RM, Smith PB, Jayaraman B, et al. Fluconazole 
dosing for the prevention or treatment of invasive candidiasis in young infants. Pediatr Infect Dis J. 
2009;28(8):717–23. 10.1097/INF.0b013e31819f1f50. [PubMed: 19593252] 

22. Autmizguine J, Smith BP, Prather K, Bendel C, Natarajan G, Bidegain M, et al. Effect of 
fluconazole prophylaxis on Candida fluconazole susceptibility in premature infants. J Antimicrob 
Chemother. 2018;73:3482–87. 10.1093/jac/dky353. [PubMed: 30247579] • This is an important 
recent study that provides information regarding the impact of fluconazole prophylaixs on Candida 
fluconazole susceptibility.

Fly et al. Page 11

Curr Treat Options Infect Dis. Author manuscript; available in PMC 2022 November 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



23. Autmizguine J, Tan S, Cohen-Wolkowiez M, Cotten CM, Wiederhold N, Goldberg RN, et 
al. Antifungal susceptibility and clinical outcome in neonatal candidiasis. Pediatr Infect Dis J. 
2018;37(9):923–9. 10.1097/INF.0000000000001913. [PubMed: 29369937] 

24. Kirpal H, Gathwala G, Chaudhary U, Sharma D. Prophylactic fluconazole in very low birth 
weight infants admitted to neonatal intensive care unit: randomized controlled trial. J Matern Fetal 
Neonatal Med. 2016;29(4):624–8. 10.3109/14767058.2015.1013933. [PubMed: 25708488] 

25. Chen IT, Chen CC, Huang HC, Kuo KC. Malassezia furfur emergence and candidemia trends 
in a neonatal intensive care unit during 10 years: the experience of fluconazole prophylaxis 
in a single hospital. Adv Neonatal Care. 2020;20(1):E3–8. 10.1097/ANC.0000000000000640. 
[PubMed: 31306235] 

26. Driessen M, Ellis JB, Cooper PA, Wainer S, Muwazi F, Hahn D, et al. Fluconazole vs. 
amphotericin B for the treatment of neonatal fungal septicemia: a prospective randomized trial. 
Pediatr Infect Dis J. 1996;15(12):1107–12. doi: 10.1097/00006454-199612000-00011. [PubMed: 
8970221] 

27. Linder N, Klinger G, Shalit I, Levy I, Ashkenazi S, Haski G, et al. Treatment of candidaemia 
in premature infants: comparison of three amphotericin B preparations. J Antimicrob Chemother. 
2003;52(4):663–7. 10.1093/jac/dkg419. [PubMed: 12972450] 

28. Ascher SB, Smith PB, Watt K, Benjamin DK, Cohen-Wolkowiez M, Clark RH, et al. 
Antifungal therapy and outcomes in infants with invasive Candida infections. Pediatr Infect Dis J. 
2012;31(5):439–43. 10.1097/INF.0b013e3182467a72. [PubMed: 22189522] 

29. Queiroz-Telles F, Berezin E, Leverger G, Freire A, van der Vyver A, Chotpitayasunondh T, et 
al. Micafungin versus liposomal amphotericin B for pediatric patients with invasive candidiasis: 
substudy of a randomized double-blind trial. Pediatr Infect Dis J. 2008;27(9):820–6. 10.1097/
INF.0b013e31817275e6. [PubMed: 18679151] 

30. Mohamed WA, Ismail M. A randomized, double-blind, prospective study of caspofungin vs. 
amphotericin B for the treatment of invasive candidiasis in newborn infants. J Trop Pediatr. 
2012;58(1):25–30. 10.1093/tropej/fmr025. [PubMed: 21355042] 

31. Berkow EL, Lockhart SR. Fluconazole resistance in Candida species: a current perspective. Infect 
Drug Resist. 2017;10:237–45. 10.2147/IDR.S118892. [PubMed: 28814889] 

32. Arendrup MC, Patterson TF. Multidrug-resistant candida: epidemiology, molecular mechanisms, 
and treatment. J Infect Dis. 2017;216(suppl_3):S445–51. 10.1093/infdis/jix131. [PubMed: 
28911043] 

33. Mycamine [package insert]. Northbrook, IL: Astellas Pharma US, Inc; 2020.

34. Cancidas [package insert]. Whitehouse Station, NJ: Merck & Co, Inc; 2019.

35. Eraxis [package insert]. New York, NY: Pfizer, Inc; 2020.

36. Benjamin DK Jr., Kaufman DA, Hope WW, Smith PB, Arrieta A, Manzoni P, et al. A 
phase 3 study of micafungin versus amphotericin B deoxycholate in infants with invasive 
candidiasis. Pediatr Infect Dis J. 2018;37(10):992–8. doi: 10.1097/INF.0000000000001996. 
[PubMed: 29596222] •• This is an important recent comparative study, albeit small, potentially 
supporting micafungin use in neonates and infants for IC.

37. Kim J, Nakwa FL, Araujo Motta F, Liu H, Dorr MB, Anderson LJ, et al. A randomized, 
double-blind trial investigating the efficacy of caspofungin versus amphotericin B deoxycholate 
in the treatment of invasive candidiasis in neonates and infants younger than 3 months of age. 
J Antimicrob Chemother. 2020;75(1):215–20. doi: 10.1093/jac/dkz398. [PubMed: 31586424] •• 
This is an important recent comparative study, albeit small, potentially supporting caspofungin use 
in neonates and infants for IC.

38. Leverger G, Timsit JF, Milpied N, Gachot B. Use of micafungin for the prevention and treatment 
of invasive fungal infections in everyday pediatric care in France: results of the MYRIADE study. 
Pediatr Infect Dis J. 2019;38(7):716–21. 10.1097/INF.0000000000002353. [PubMed: 31192976] 

39. Zaoutis TE, Prasad PA, Localio AR, Coffin SE, Bell LM, Walsh TJ, et al. Risk factors and 
predictors for candidemia in pediatric intensive care unit patients: implications for prevention. Clin 
Infect Dis. 2010;51(5):e38–45. 10.1086/655698. [PubMed: 20636126] 

Fly et al. Page 12

Curr Treat Options Infect Dis. Author manuscript; available in PMC 2022 November 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



40. Pana ZD, Kotzadamis D, Roilides E. Invasive candidiasis in pediatric intensive care unit: 
more challenges. Pediatr Infect Dis J. 2018;37(12):1309–11. 10.1097/INF.0000000000002186. 
[PubMed: 30199481] 

41. Mantadakis E, Tragiannidis A. Invasive fungal infections in the pediatric intensive care unit. 
Pediatr Infect Dis J. 2019;38(9):e216–8. 10.1097/INF.0000000000002394. [PubMed: 31261360] 

42. Milstone AM, Elward A, Song X, Zerr DM, Orscheln R, Speck K, et al. Daily chlorhexidine 
bathing to reduce bacteraemia in critically ill children: a multicentre, cluster-randomised, 
crossover trial. Lancet. 2013;381(9872):1099–106. 10.1016/S0140-6736(12)61687-0. [PubMed: 
23363666] 

43•. Xie J, Zhu L, Zhu T, Jian Y, Ding Y, Zhou M, et al. Zinc supplementation reduces Candida 
infections in pediatric intensive care unit: a randomized placebo-controlled clinical trial. J Clin 
Biochem Nutr. 2019;64(2):170–3. doi: 10.3164/jcbn.18-74. [PubMed: 30936630] • This study 
offers some evidence for a non-antifungal based prophylaxis approach in the PICU.

44. Xie J, Zhu L, Zhu T, Jian Y, Ding Y, Zhou M, et al. Vitamin D-supplemented yogurt drink reduces 
Candida infections in a paediatric intensive care unit: a randomised, placebo-controlled clinical 
trial. J Hum Nutr Diet. 2019;32(4):512–7. 10.1111/jhn.12634. [PubMed: 30773722] 

45. Chen YH, Cheng IL, Lai CC, Tang HJ. Echinocandins vs. amphotericin B against invasive 
candidiasis in children and neonates: a meta-analysis of randomized controlled trials. Int J 
Antimicrob Agents. 2019;53(6):789–94. 10.1016/j.ijantimicag.2019.02.019. [PubMed: 30831231] 

46. Tsekoura M, Ioannidou M, Pana ZD, Haidich AB, Antachopoulos C, Iosifidis E, et al. Efficacy 
and safety of echinocandins for the treatment of invasive candidiasis in children: a meta-analysis. 
Pediatr Infect Dis J. 2019;38(1):42–9. 10.1097/INF.0000000000002032. [PubMed: 29596219] 

47. Roilides E, Carlesse F, Leister-Tebbe H, Conte U, Yan JL, Liu P, et al. A prospective, open-label 
study to assess the safety, tolerability and efficacy of anidulafungin in the treatment of invasive 
candidiasis in children 2 to <18 years of age. Pediatr Infect Dis J. 2019;38(3):275–9. 10.1097/
INF.0000000000002237. [PubMed: 30418357] 

48••. Roilides E, Carlesse F, Tawadrous M, Leister-Tebbe H, Conte U, Raber S, et al. Safety, 
efficacy and pharmacokinetics of anidulafungin in patients 1 month to < 2 years of age with 
invasive candidiasis, including candidemia. Pediatr Infect Dis J. 2020;39(4):305–9. doi: 10.1097/
INF.0000000000002568. [PubMed: 32032174] •• This is an important study that led to FDA 
approval of anidulaungin for use in younger pediatric patients.

49. Logan C, Martin-Loeches I, Bicanic T. Invasive candidiasis in critical care: challenges and future 
directions. Intensive Care Med. 2020;46(11):2001–14. 10.1007/s00134-020-06240-x. [PubMed: 
32990778] 

50. Bradley JS, Nelson JD, Barnett E, et al. Nelson’s pediatric antimicrobial therapy. 22nd ed. 
American Academy of Pediatrics; 2019.

51. Benson JM, Nahata MC. Pharmacokinetics of amphotericin B in children. Antimicrob Agents 
Chemother. 1989;33(11):1989–93. 10.1128/AAC.33.11.1989. [PubMed: 2610508] 

52. Koren G, Lau A, Klein J, Golas C, Bologa-Campeanu M, Soldin S, et al. Pharmacokinetics and 
adverse effects of amphotericin B in infants and children. J Pediatr. 1988;113(3):559–63. 10.1016/
s0022-3476(88)80653-x. [PubMed: 3411404] 

53. Groll AH, Giri N, Petraitis V, Petraitiene R, Candelario M, Bacher JS, et al. Comparative 
efficacy and distribution of lipid formulations of amphotericin B in experimental Candida albicans 
infection of the central nervous system. J Infect Dis. 2000;182(1):274–82. 10.1086/315643. 
[PubMed: 10882607] 

54. Stone NR, Bicanic T, Salim R, Hope W. Liposomal Amphotericin B (AmBisome((R))): a review 
of the pharmacokinetics, pharmacodynamics, clinical experience and future directions. Drugs. 
2016;76(4):485–500. 10.1007/s40265-016-0538-7. [PubMed: 26818726] 

55. Leenders AC, Reiss P, Portegies P, Clezy K, Hop WC, Hoy J, et al. Liposomal 
amphotericin B (AmBi-some) compared with amphotericin B both followed by oral fluconazole 
in the treatment of AIDS-associated cryptococcal meningitis. AIDS. 1997;11(12):1463–71. 
10.1097/00002030-199712000-00010. [PubMed: 9342068] 

Fly et al. Page 13

Curr Treat Options Infect Dis. Author manuscript; available in PMC 2022 November 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



56. Piper L, Smith PB, Hornik CP, Cheifetz IM, Barrett JS, Moorthy G, et al. Fluconazole loading 
dose pharmacokinetics and safety in infants. Pediatr Infect Dis J. 2011;30(5):375–8. 10.1097/
INF.0b013e318202cbb3. [PubMed: 21085048] 

57. Wade KC, Wu D, Kaufman DA, Ward RM, Benjamin DK Jr, Sullivan JE, et al. 
Population pharmacokinetics of fluconazole in young infants. Antimicrob Agents Chemother. 
2008;52(11):4043–9. 10.1128/AAC.00569-08. [PubMed: 18809946] 

58. Diflucan [package insert]. New York, NY: Pfizer, Inc; 2020.

59. Strommen A, Hurst AL, Curtis D, Abzug MJ. Use of intravenous posaconazole in 
hematopoietic stem cell transplant patients. J Pediatr Hematol Oncol. 2018;40(4):e203–6. 10.1097/
MPH.0000000000001071. [PubMed: 29309375] 

60. Ashley ED. Antifungal drugs: special problems treating central nervous system infections. J Fungi 
(Basel). 2019;5(4). 10.3390/jof5040097.

61. Felton T, Troke PF, Hope WW. Tissue penetration of antifungal agents. Clin Microbiol Rev. 
2014;27(1):68–88. 10.1128/CMR.00046-13. [PubMed: 24396137] 

62. Friberg LE, Ravva P, Karlsson MO, Liu P. Integrated population pharmacokinetic 
analysis of voriconazole in children, adolescents, and adults. Antimicrob Agents Chemother. 
2012;56(6):3032–42. 10.1128/AAC.05761-11. [PubMed: 22430956] 

63. Purkins L, Wood N, Greenhalgh K, Eve MD, Oliver SD, Nichols D. The pharmacokinetics and 
safety of intravenous voriconazole - a novel wide-spectrum antifungal agent. Br J Clin Pharmacol. 
2003;56(Suppl 1):2–9. 10.1046/j.1365-2125.2003.01992.x. [PubMed: 14616407] 

64. Cohen-Wolkowiez M, Benjamin DK Jr, Piper L, Cheifetz IM, Moran C, Liu P, et al. Safety and 
pharmacokinetics of multiple-dose anidulafungin in infants and neonates. Clin Pharmacol Ther. 
2011;89(5):702–7. 10.1038/clpt.2011.26. [PubMed: 21412233] 

65. Benjamin DK Jr, Driscoll T, Seibel NL, Gonzalez CE, Roden MM, Kilaru R, et al. Safety 
and pharmacokinetics of intravenous anidulafungin in children with neutropenia at high 
risk for invasive fungal infections. Antimicrob Agents Chemother. 2006;50(2):632–8. 10.1128/
AAC.50.2.632-638.2006. [PubMed: 16436720] 

66. Leroux S, Jacqz-Aigrain E, Elie V, Legrand F, Barin-Le Guellec C, Aurich B, et al. 
Pharmacokinetics and safety of fluconazole and micafungin in neonates with systemic candidiasis: 
a randomized, open-label clinical trial. Br J Clin Pharmacol. 2018;84(9):1989–99. 10.1111/
bcp.13628. [PubMed: 29744900] 

67. Boonstra JM, van der Elst KC, Veringa A, Jongedijk EM, Bruggemann RJ, Koster RA, et 
al. Pharmacokinetic properties of micafungin in critically ill patients diagnosed with invasive 
candidiasis. Antimicrob Agents Chemother. 2017;61(12). doi: 10.1128/AAC.01398-17.

68. Yanni SB, Smith PB, Benjamin DK Jr., Augustijns PF, Thakker DR, Annaert PP. Higher clearance 
of micafungin in neonates compared with adults: role of age-dependent micafungin serum binding. 
Biopharm Drug Dispos. 2011;32(4):222–32. doi: 10.1002/bdd.752. [PubMed: 21449041] 

Fly et al. Page 14

Curr Treat Options Infect Dis. Author manuscript; available in PMC 2022 November 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Relevant antifungal US Food and Drug Administration approvals since 2004. Approvals 

may only be for certain locations of infection (e.g., candidemia, meningitis, urinary tract 

infections) (Historical Food and Drug Administration label histories available at: https://

www.accessdata.fda.gov/scripts/cder/daf/).
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