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Abstract

Fungal infections represent a serious problem in neonatal intensive care 
units (NICUs) worldwide. Preterm infants are a vulnerable population for 
major events and adverse sequelae from fungal sepsis. The primary fungus 
of concern in neonates is C. albicans, whose colonization is associated with 
devastating complication and high rate of mortality. Among the risk factors 
responsible for development of invasive fungal infections, previous mucosal 
and skin colonization are of primary importance. Fungal colonization in 
neonates may be secondary to either maternal transmission or nosocomial 
acquisition in the nursery. 

Antifungal prophylaxis is currently applied in different NICUs and in 
various patients groups with successful results. Prophylactic drugs can 
include oral nystatin and oral or intravenous fluconazole. To date, antifungal 
prophylaxis with fluconazole is the recommended approach for neonates 
lower than 1,000 g and/or 27 weeks’ gestation or less, manly in NICUs with 
relatively high frequency of invasive candidiasis. 

First-line treatment of invasive fungal infections includes amphotericin 
B deoxycholate, lipid preparations of amphotericin B, fluconazole, or 
micafungin. However, data on pharmacokinetic, schedule treatment and 
appropriate dosage of antifungal agents in neonates, mainly in premature, are 
still limited. 

Future strategies to reduce neonatal morbidity and mortality derived 
from invasive fungal infections include new echinocandins not yet approved 
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for neonatal use (caspofungin or anidulafungin) 
and other adjuvant treatments as intravenous 
immunoglobulin, lactoferrin or probiotics. Since 
current therapies for systemic fungal diseases are 
not universally successful and morbidity remains 
high, future efforts will be also focused on better 
prevention of fungal diseases and understanding 
of appropriate dosing schedule of the available 
antifungal agents.
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Fungal infections in neonates 

Neonates are predisposed to infections during 
the perinatal period due to multiple exposures and 
a relatively compromised immune system [1]. 
Worldwide, it is estimated that more than 1.4 million 
neonatal deaths annually are the consequence of 
invasive infections [1]. Invasive fungal infections 
(IFIs) represent an increasing cause of severe 
morbidity and mortality in most neonatal intensive 
care units (NICUs), especially among infants who 
receive broad spectrum antimicrobial agents, in 
very preterm (< 32 weeks) and very low birth 
weight (VLBW, < 1,500 g) infants [2-4]. The 
highest incidence of IFIs in VLBW infants is 
recorded between the second and sixth weeks after 
birth [5]. Most IFIs are the consequence of Candida 
spp. colonization, spreading and disseminating 
from peripheral entry site, while other fungi 
(e.g. Aspergillus spp.) are very uncommon [6]. 
However, although less prevalent, fungi other 
than Candida spp. should be considered when 
signs and symptoms of sepsis arise in neonates, 
also because response to antifungal treatment is 

limited in this population, leading to death for 
disseminated fungal infection in most of affected 
neonates. Colonization with Candida spp. in 
neonates may be secondary to either maternal 
vertical transmission or horizontal (nosocomial 
acquisition) in the nursery or NICUs [5].

In VLBW infants, candidemia is associated with 
a mortality rate of 21-32% in multicenter studies. 
Less than 26 weeks’ gestation and a birth weight of 
less than 1,000 g correlate with increased mortality 
rates (40-50%) [7]. IFIs are associated with poor 
early and late outcomes (neurological impairment, 
chronic lung disease, retinopathy of prematurity) 
and severe neurodevelopmental impairment at 18 
months of age affects up to 57% of survivors [2].

There is a huge variability of reported incidence 
rates of IFIs from NICU to NICU, with a range of 
2-25% [8]. An incidence of invasive candidiasis 
(IC) of 7-8% has been reported in extremely low 
birth weight (ELBW) infants. Lower incidence 
has been reported in a 14-year study period (from 
1997 to 2010) [9]. This wide reported difference 
in incidence rates may depend on a number of 
variables as the diagnostic criteria of IFIs, the use 
of fluconazole prophylaxis and empirical antifungal 
therapy, and a decreased use of broad-spectrum 
antibiotics.

Many conditions, treatments, and procedures in 
the NICUs place neonates at an increased risk for 
fungemia. Some risk factors are included in the 
standard risks that pertain to adult patients, such as 
central venous catheter or antibacterial agents’ use 
[10]. However, in the neonates, both incidence and 
outcomes are also linked to other risk factors as the 
gestational age and the birth weight of the baby. In 
a multicenter, retrospective, cohort study of NICUs 
patients (n = 6,172), newborns born at a gestational 
age between 25 and 27 weeks (odds ratio [OR]: 2.02; 
95% confidence interval [CI]: 1.52-3.05) and less 
than 25 weeks (OR: 4.15; 95% CI: 3.12-6.29) were 
at higher risk of developing candidemia than were 
children who were born at more of 28 weeks [11]. 
Furthermore, in the same study, thrombocytopenia 
and cephalosporin or carbapenem use in the 7 days 
before obtaining the blood culture were risk factors 
for subsequent candidemia [11]. 

The prior colonization by the same fungus is the 
condition most frequently associated with IFIs. In 
a prospective study including 593 neonates during 
12 months, fungal colonization was detected in 
12% of neonates, being C. albicans the most 
common colonizing pathogen (42% of colonized 
neonates) [12]. The Authors found a rate of 1% of 
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IFIs. However, these episodes occurred in 6.9% 
of colonized neonates, and in only 0.76% of non-
colonized infants (p = 0.002), suggesting that 
monitoring for colonization in the highest-risk 
infants may be beneficial [12]. In a large Italian 
study, colonization occurred in 32.1% of VLBW 
neonates, and IFIs occurred in 8.1% of them 
[13]. At univariate analysis, 10 factors (low birth 
weight, low gestational age, use of third-generation 
cephalosporins, endotracheal intubation, duration 
of stay in the NICU, bacterial sepsis, colonization 
of central venous catheter, of endotracheal tube, of 
gastric aspirate, or in multiple sites) were associated 
with an increased risk to develop IFIs. However, 
following logistic regression, only colonization of 
central venous catheters and colonization at other 
sites remained significant for IFIs [13].

Prophylaxis of fungal infections

Diagnosis of IFIs is challenging, and even infants 
who are successfully treated are at increased risk of 
adverse long-term outcomes. As a result, there has 
been significant effort directed toward prevention, 
and antifungal prophylaxis has been investigated as 
a potential preventive measure. 

Fluconazole is an azole with a long half-life, very 
good cerebrospinal penetration, low protein binding 
and good tissue, body fluids and mucocutaneous 
areas levels (higher than plasma ones). These 
characteristics allow an excellent tissue penetration 
and easy elimination of this drug. At present time, 
antifungal prophylaxis with fluconazole is routinely 
used in about 40% of European NICUs and there 
is a trend towards an increasing use of this practice 
[14]. The studies of fluconazole prophylaxis have 
both significantly reduced fungal infections, as well 
as nearly eliminated Candida-related mortality [15]. 
Since eliminating Candida-related adverse events is 
critical in preterm infants, prophylaxis appears to be 
the best approach in infants lower than 1,000 g. In 
other groups of neonates, the correct management is 
still controversial because of lacking of randomized 
controlled trials (RCTs). Waiting for positive 
cultures, or using empiric antifungal therapy with 
all sepsis evaluations in infants of less than 1,500 
g or using a risk-based approach in this groups are 
still debated [15].

Nystatin was the first antifungal studied in 
preterm infants. However, nystatin prophylaxis 
has been investigated in only one RCT and few 
retrospective or epidemiologic studies [16-18]. In 
a recent systematic review of nine RCTs including 
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2,029 infants, both fluconazole and oral nystatin 
were demonstrated highly effective in preventing 
IFIs in VLBW infants [19]. Both agents were safe 
without significant toxicities [19]. On the other 
hand, in another trial in ELBW infants, Violaris et al. 
found no significant difference in IC in fluconazole-
treated infants (5.3%) compared with nystatin-
treated group (14.3%), but all-cause mortality was 
zero in the fluconazole-treated group compared to 
7.5% in the nystatin-treated one (p = 0.03) [20]. 
These data raised the question of whether nystatin is 
safe to give enterally to extremely preterm infants. 
To date, safety data on nystatin are lacking.

In a review meta-analysis including seven trials 
(n = 880 infants) on systemic antifungalprophylaxis 
versus placebo or no drug, a statistically significant 
reduction in the incidence of IFIs in VLBW infants 
who received systemic antifungal prophylaxis was 
found [21]. However, the Authors concluded that 
this finding should be interpreted cautiously since 
the incidence of IFIs was very high (16%) in the 
control groups of most of the included trials. A 
meta-analysis does not demonstrate a statistically 
significant effect on mortality [21]. Furthermore, 
limited data on the long-term neurodevelopmental 
outcome in infants exposed to fluconazole 
prophylaxis are available.

In a very recent randomized, blinded, placebo-
controlled trial of fluconazole (6 mg/kg of body 
weight) in 361 premature infants weighing less than 
750 g at birth, 42 days of fluconazole prophylaxis 
compared with placebo did not result in a lower 
incidence of death or IC [22]. 

Furthermore, concerns regarding resistance 
of fungal strains should be considered when a 
prophylactic treatment is started. However, the 
available studies have shown no fluconazole-
resistant strains of Candida spp. or an increased 
likelyhood of invasive infections with resistant 
strains [23]. 

According to these findings, the Scientific 
Societies are currently supporting the use of 
fluconazole prophylaxis at a dosage of 3-6 mg/
kg twice weekly (intravenous or orally) for all 
neonates < 1,000 g or ≤ 27 weeks gestational age 
admitted in NICUs with relatively high frequency 
(5-10%) of IFIs (AI level of evidence) [24, 25]. For 
NICUs with a lower incidence of IFIs (< 2%) and in 
other neonates-related conditions (e.g. birth weight 
of 1,000-1,500 g), the decision to use fluconazole 
prophylaxis regimen should be made on a case by 
case basis, and a risk stratification strategy (e.g. 
presence of central venous catheters or ongoing 
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antibiotic therapy) should be applied (BII level of 
evidence) [25].

Treatment of fungal infections

A number of variables need to be carefully 
evaluated when instituting antifungal treatment 
in neonates. Considering that C. albicans is the 
predominant isolate in many neonatal fungal 
bloodstream infections, fluconazole is commonly 
used as empiric antifungal therapy in NICUs. 
However, efficacy data on antifungals, dosing 
regimens and duration of treatment of IFIs are scant, 
mainly in preterm infants.

A major point is the proper assessment of the 
causative fungal pathogens involved. C. albicans 
ranks first (58% of cases) and C. parapsilosis 
second (34%); however, other Candida spp. may be 
involved, that are inherently resistant (partially or 
totally) to fluconazole [26].

Because cultures from deep sites are frequently 
negative in neonates, a definitive diagnosis of IFIs 
in this population may be problematic. Furthermore, 
although blood cultures are the gold standard for 
detecting candidemia, they have low sensitivity 
for IC [27]. In presence of a blood culture positive 
for Candida spp., cultures from other sites as urine 
and/or cerebrospinal fluid (CSF) should be obtained 
[27]. A positive urine culture in a premature infant, 
obtained by either sterile urethral catheterization 
or suprapubic aspiration, should be viewed as 
equivalent to positive blood cultures and it warrants 
a prompt antifungal treatment [27, 28]. In a recent 
analysis including 1,515 infants, no difference in 
death or neurodevelopmental impairment was found 
between infants with candiduria and those with 
candidemia, providing evidence that also ELBW 
infants with candiduria are at substantial risk of 
death or neurological sequelae [28].

Before choosing an antifungal as empirical 
or treatment therapy for Candida spp. infections, 
clinicians should also know whether their center 
routinely uses fluconazole as prophylaxis.

In spite of the need for aggressive treatment, 
few antifungal drugs are available and their use 
is characterized by a large inter-NICU variability 
in dose and scheme. Amphotericin compounds 
and fluconazole provide coverage for the most 
common neonatal Candida spp. and, consequently, 
they represent the best choices pending species 
identification [29].

Amphotericin B deoxycholate is a polyene with 
a very broad spectrum, including most species of 

Candida [27]. It is the mainstay in the treatment of 
IFIs in newborns. Typical dosing of 1 mg/kg daily is 
recommended [24]. Nephrotoxicity is an important 
side effect observed with use of amphotericin B 
deoxycholate[30]. Other amphotericin B lipid 
products (liposomal amphotericin B, amphotericin 
B lipid complex, and amphotericin B colloidal 
dispersion) are widely used in NICUs [31]. These 
formulations seem to have no significant renal or 
hepatic toxicities [30]. However, because renal 
penetration is limited with lipid formulations, 
negative urine cultures should be documented in 
infants for whom these preparations are used as 
monotherapy.

Fluconazole is well tolerated and it is effective 
against most Candida  spp., with the exception of 
C. glabrata and C. krusei [27]. Due to its long half-
life, a therapeutic serum concentration may not be 
achieved until several days into therapy. Recently, 
it has been reported that an effective dosing strategy 
to reach therapeutic serum concentrations quickly 
is to start with a loading dose of 25 mg/kg followed 
by 12 mg/kg/day [32]. This schedule was safe with 
no adverse events, although it was tested in a small 
cohort of young infants. Fluconazole has excellent 
penetration into the central nervous system, 
achieving CSF concentrations similar to serum 
levels [31, 33]. Furthermore, fluconazole should 
be considered as a first-line therapy in infants 
with candiduria because it is primarily excreted 
unchanged in the urine, while amphotericin lipid 
products do not penetrate well into the kidney [27]. 
Although it is an “old” antifungal drug, a recent 
multicenter study has  shown that fluconazole 
treatment for neonatal sepsis is scantly used in 
Italian NICUs (45% of cases) [34]. Major concerns 
are related to its efficacy in the treatment of IFIs [34]. 
There are no data available in neonates on second-
generation triazoles as voriconazole, posaconazole 
and ravuconazole.

The increase in neonatal fungal sepsis and 
resistant organisms has highlighted the need 
to review use of routine empiric fluconazole, 
to implement preventive measures, and to 
develop new antifungal drugs. In recent years, 
the development of new agents has significantly 
improved therapeutic outcomes in neonates with 
IFIs. Echinocandins are effective against all 
species of Candida [27]. They are non-competitive 
inhibitors of 1,3-β-D-glucan synthase, enzyme 
necessary for the synthesis of 1,3-β-D-glucan 
which preserve the integrity of fungal wall cell 
[30]. The echinocandins are increasingly used for 
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treatment of IC in the NICUs, although higher 
doses seem to be required in neonates than in 
older children and adults [29]. These drugs are 
effective against C. albicans isolates with high 
minimum inhibitory concentrations compared to 
fluconazole, as well as often-resistant C. glabrata 
and C. kruseii [29]. Monitoring of liver function 
tests, electrolytes, blood urea nitrogen, creatinine, 
calcium, phosphorus, and magnesium should 
be done daily for several days initially and then 
periodically if normal throughout treatment 
with these drugs [15]. There are currently three 
echinocandins (caspofungin, micafungin, and 
anidulafungin) available and  marketed for adult 
use in the United States (Tab. 1). Micafungin 
is the only echinocandin, to date, authorized for 
neonatal use in Europe. The recommendation for 
micafungin 4-10 mg/kg/day (BII level of evidence) 
is based on pharmacokinetic studies [25]. A 
micafungin dosing of 10 mg/kg/day also appears 
to be safe for use in term and preterm infants for 
management of IC [35]. Regarding caspofungin 
dosing, neonatal clinical studies had used 1 to 2 
mg/kg, but pharmacokinetic data indicate that 
2.5 mg/kg should be used [15]. Anidulafungin is 
currently not approved for use in children. A better 
understanding of proper dosing and safety of 
these new antifungal agents in neonates is needed. 
Observational and pharmacokinetic studies are 
emerging, but to date there are no RCT comparing 
these to other antifungals as fluconazole.

In conclusion, in a neonate with proven or 
suspected IFI, an appropriate dose of fluconazole, 
amphotericin product, or micafungin should 
be given. If the patient is receiving fluconazole 
prophylaxis or if C. glabrata (which is often 
resistant to fluconazole) is isolated, an amphotericin 
product or micafungin should be used [27]. In all 
cases, the total course of therapy should be 21 

days after microbiologic clearance is documented, 
and neurodevelopmental follow-up of survivors is 
recommended [27].

Future strategies 

Administration of intravenous immunoglobulin 
(IVIG) has been recently hypothesized as a 
possible strategy to prevent and treat infectious 
morbidity and mortality [36, 37]. IVIG may be 
an appealing strategy to fight sepsis mainly in 
preterm infants because they have less endogenous 
immunoglobulins (IgG) whose transplacental 
transfer mainly occurs after 32 weeks of gestation.

Results of a recent trial, which enrolled 3,493 
neonates receiving antibiotics for suspected or 
proven serious infection and randomly assigned 
them to receive 2 infusions of either polyvalent IgG 
(500 mg per kilogram of body weight) or placebo, 
showed no significant differences in the rates of 
death, major or non major disabilities at 2 years 
of age [38]. Following this trial, in a Cochrane 
review on the use of IVIG in neonates with sepsis, 
the Authors concluded that, on the bases of the 
available studies, routine administration of IVIG 
to prevent mortality in infants with suspected or 
proven neonatal infection is not recommended 
[36]. In another Cochrane review, the same 
Authors reported that in preterm and/or low birth 
weight infants, IVIG administration resulted in 
a 3% reduction in sepsis and a 4% reduction in 
one or more episodes of any serious infection, 
but it was not associated with reductions in other 
clinically important outcomes, including mortality 
[37]. Furthermore, prophylactic use of IVIG was 
not associated with any short-term serious side 
effects.

In a pilot retrospective study, IgM enriched 
immunoglobulins (IgM-eIVIG) have been 
demonstrated effective as adjuvant therapy in 
reducing short-term mortality in VLBW infants with 
proven sepsis [39]. When compared with IVIG, IgM-
eIVIG show more efficient complement activation, 
better opsonisation, greater neutralization of the 
streptococcal superantigen SpeA and better binding 
both to bacterial antigens and toxins all possibly due 
to their pentameric structure [40]. This biological 
background together with some positive effects of 
this therapeutic strategy obtained in other settings 
may increase the interest towards IgM-eIVIG use in 
VLBW infants with sepsis.

Other possible strategies for prevention and 
treatment of sepsis in neonates include the use of 
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Table 1. Indication of echinocandins use in neonates.

Studies in 
neonates 

Neonatal 
indications

Recommended 
dosing

Micafungin Yes Yes in Europe 4-10 mg/kg/day

Caspofungin Few Noa
2.5 mg/kg/day 

or
25 mg/m2/dayb

Anidulafungin Scarce No 1.5 mg/kg/day

aApproved for infants > 12 months; bthe use of body surface 
area as a metric of size may be inaccurate in neonates.
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molecules that target inflammation, as lactoferrin, 
or modulate intestinal microbioma [41-43].

Oral lactoferrin prophylaxis (100 mg/day) seems 
to reduce the incidence of late-onset sepsis in infants 
weighing less than 1,500 g and most effective in 
infants weighing less than 1,000 g [44]. Studies 
evaluating the effects of lactoferrin in the prevention 
of neonatal sepsis are currently in progress, with 
promising results. However, more data are mandatory 
to verify the safety and efficacy of lactoferrin as 
an immunoprophylactic agent and/or therapeutic 
adjuvant in vulnerable preterm neonates.

In newborns, interactions between the host and 
the microbiome operate synergistically, modulating 
host immune function and shaping the microbiome. 
It is hypothesized that probiotics act to down-regulate 
pathogenic organisms and protect against intestinal 
inflammation. Dysbiosis seems to be involved in 
infection-related disease states, including neonatal 
late-onset sepsis [42]. Studies of oral probiotic 
(Lactobacillus casei subsp. rhamnosus 106 colony-
forming units per day) administered from the third 
day of life until either the end of the sixth week of life 
or until discharge from the NICU suggest that this 
approach prevents enteric colonization by Candida 
spp., but has no impact on the overall incidence of 
IC [45]. More data on the probiotic species to be 
used, the optimal dose, dosing strategy and duration 
of treatment are needed.

Finally, antibodies or their engineered derivatives 
directed against cell-wall polysaccharides and 
glycopeptides, and some protein epitopes of C. 
albicans appear to be a promising novel approach 
for prophylaxis against Candida spp. infection and 
deserve further investigations [46].

Conclusions

Neonatal IFIs are associated with significant 
morbidity and mortality. The incidence of fungal 
infection, however, varies greatly by center. Blood 
culture, although not a sensitive test, remains the 
only reliable method for diagnosis of invasive 
Candida spp. infection. 

Fluconazole prophylaxis has been shown, 
in several carefully performed, randomized, 
placebo-controlled studies, to reduce Candida spp. 
colonization and IFIs rates without emergence of 
drug resistance and without adverse effects during 
extended periods of time. However, future studies 
will have to provide additional information on 
some unsolved issues like the effect of fluconazole 
on overall mortality, efficacy of prophylaxis for 

shorter periods of time, interaction with other drugs 
and identification of subpopulations with the most 
beneficial outcome. As well, a carefully monitoring 
of the possible development of fluconazole 
resistance is needed.

Amphotericin B deoxycholate, fluconazole, or 
micafungin represent the treatment of choice in 
infants with IFIs. However, optimal dosage and 
duration of antifungal agents have not been fully 
tested in neonates, mainly in preterm infants, and 
their use still represent a challenge for neonatologists.

Because current therapies for systemic fungal 
diseases are not universally successful and 
morbidity remains high, research should be focused 
on preventing invasive disease by interrupting 
the process of colonization and preventing the 
development of serious fungal infections. It is 
desirable that most of the clinical and laboratory 
investigative efforts, already performed in adults 
to enhance the understanding of the epidemiology 
and treatment of IFIs, should be also incorporated 
in neonatal care.
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