
Fungal infections in the neonatal intensive care unit (NICU) 
continue to be a major health problem associated with mor-

bidity and mortality. Candida species may cause very severe in-
fections, which are sometimes difficult to diagnose in extremely 
premature infants. Thus, to prevent their potential detrimental 
outcome, targeted strategies for prevention and management 
have been developed [1].

infection progresses from colo-
nization to dissemination in the 
bloodstream and invades organs 
such as the heart, kidneys, and 
eyes as well as the central ner-
vous system. In addition, bioflu-
ids like the urine, cerebrospinal fluid, peritoneal, or other sterile 
body fluid can become infected [2]. 

The immature immune system of preterm neonates and the 
frequent use of invasive devices (such as mechanical ventilation 
and indwelling catheters) combined with medications that can 
suppress the immune system (including broad spectrum antibi-
otics, steroids, H2 antagonist, and proton pump inhibitors) are 

considered critical risk factors for invasive candidiasis (IC). Fur-
thermore, there are certain diseases that are prevalent in preterm 
infants such as necrotizing enterocolitis (NEC) and spontaneous 
intestinal perforation (SIP) or congenital gastrointestinal mal-
formations in neonates (e.g., gastroschisis, omphalocele) that 
may also contribute to development of candidemia [3].

We reviewed the current literature regarding the incidence, 
morbidity, and prophylactic strategies against fungal infections 
in the NICU.

The incidence of invasive fungal infection ranges from 2–4% in 
infants with very low birth weight (VLBW < 1500 grams) [4] and 
may affect 3–23% of extremely low birth weight (ELBW < 1000 
grams) infants [5]. Invasive candidiasis infection (ICI) is associat-
ed with significant mortality (20%), neurodevelopmental impair-

Candida urinary tract infections (UTIs) account for an addi-
tional 3% to 4% of ICI in ELBW infants. Two recent multi-cen-
ter studies reported that Candida UTIs have the same high mor-
tality rate as bloodstream infections (BSIs) in ELBW infants 

-
dida contribute an additional 1–2% to the incidence of invasive 
Candida infections in ELBW  infants [9]. 

Examining candidemia alone, the largest report is from 128 
NICUs in the United States using U.S. National Nosocomial 
Infections Surveillance (NNIS) system data from 1995–2004 
(N=130,523 neonates) [5]. For infants less than 1000 grams, the 

whereas 25% of NICUs had rates 
13.5% or higher. The incidence 
decreases significantly for in-
fants greater than 1000 grams.

Rates vary widely in different 
NICUs, but the true incidence, including all ICI, is approximate-
ly 10% in ELBW infants.

There is a marked difference in overall mortality from inva-
sive fungal infections between infants weighing less than 1000 
grams and those who are larger.



Mortality is high with all types of invasive Candida infec-
tions in ELBW infants. In a multi-center epidemiologic study 
of patients less than 1000 grams, all-cause mortality rates were 
28% for Candida BSI, 26% for 
Candida urinary tract infection 
(UTI), 50% for meningitis or 
peritonitis [10]. If two or more 
culture sites were involved (BSI 

study reported that the overall mortality was 34% for infants 
with invasive Candida infections compared with 14% without 
invasive Candida infections [11].

The Candida species causing the infection also affects sur-
vival.  is more virulent than non-albicans species. 
In infants weighing less than 1500 grams, Candida-associated 
mortality was 44% in infants with  candidemia com-
pared with 19% with  sepsis [12]. 

Due to all these factors and complications, prevention of 
ICI should be targeted to preterm infants weighing less than 

At birth, most infants are not colonized or have low colony 
counts of yeast, making them ideal Candidates for antifungal 
prophylaxis. Prophylaxis prevents invasive Candida infections 
by decreasing Candida colonization of the skin, gastrointestinal 
and respiratory tracts, central catheter, as well as colonization at 
multiple sites [13].

Consequently, antifungal prophylaxis is the only interven-
tion that has been subjected to 
evidence-based randomized 
controlled trials for the pre-
vention of invasive Candida 
infections. Prophylactic anti-
fungal therapy has been shown 
to reduce both colonization and 
invasive Candida infections in high-risk preterm infants [14].

Currently, there are more than 20 studies examining flu-
conazole prophylaxis for the prevention of invasive Candida 
infections in more than 6400 preterm infants and consistently 
demonstrating efficacy, with an overall reduction in invasive 
Candida infections of 80% and a greater than 90% decrease in 
Candida-related mortality [15].

The first study of fluconazole prophylaxis against fungal 
colonization and infection in preterm infants was a prospective, 
randomized, double-blind clinical trial involving 100 high-risk 
preterm infants weighing less than 1000 grams. Results demon-
strated that fluconazole prophylaxis significantly decreased 
invasive fungal infection. None of the infants in the treatment 
group developed infection compared with 20% of infants in the 
placebo group (  = 0.008) [16]. 

From a systems viewpoint, the frequency of dosing schedule was 
not uniform (from once daily to twice weekly), while effective and 

safe [16]. Therefore, the efficacy 
of a twice weekly dosing regimen 
was studied as a simplified sched-
ule in a randomized controlled 

preventing invasive Candida infections compared to the more fre-
quent dosing schedule used in the previous study [16]. This dosing 
schedule has been confirmed in several other studies [18]. 

A multi-center, randomized, placebo-controlled trial investi-
gating two different fluconazole doses (3 mg/kg and 6 mg/kg) 
was compared with a placebo group in 322 infants less than 1500 
grams [13]. This study demonstrated no difference between the 
doses and that both were effective in preventing ICI. Sub-analysis 
also demonstrated significant efficacy for infants born after less 

Most studies have targeted antifungal prophylaxis to the time 
period when high-risk patients have additional risk factors for 
infections and when Candida infections most commonly occur 
[19]. These factors coexist in the first 4 to 6 weeks after birth, 
during antibiotic administration or while indwelling central 
catheter is required.

Starting prophylaxis later, during prolonged antibiotic 
courses of more than 3 or 10 days, has been examined in retro-
spective studies [20,21]. These studies demonstrated efficacy 
of the prophylaxis, but the regimens were not as effective as 

prophylaxis started in the first 
days after birth.

Manzoni et al. [13] also re-
ported decreased efficacy of an-
tifungal prophylaxis in infants 
who were colonized later. If 
colonization of high-risk sites is 

detected, a pre-emptive approach should be considered for a 
full antifungal treatment. 

The studies starting prophylaxis later, with prolonged antibiot-

protocols, indicating that eligible patients were being missed. 

Analysis of the randomized controlled trials (RCTs) showed that 
the combined outcome of ICI or death occurred in only 10% of 
the fluconazole-treated infants compared with 25% of placebo 
patients (  = 0.001) [6].

Healy and colleagues [22] also demonstrated that by target-
ing fluconazole prophylaxis to infants less than 1000 grams, 
Candida-related mortality can be eliminated in the NICU for 
all patients. Their study examined IV fluconazole prophylaxis 



over the course of 4 years and found the incidence of invasive 

to 2% (  = 0.003) with mortality related to Candida infection 
decreasing to 0 (  < 0.001).

No significant adverse effects have been reported in randomized 
trials in infants treated with fluconazole prophylaxis compared 
to control patients [15]. Pre-
venting invasive Candida infec-
tions has not led to an increased 
incidence in other infections. 
Also, the incidence of bacteri-
al infections, NEC and SIP were similar in all studies between 
treatment and control groups.

In the RCTs, no significant differences were seen in cholesta-
sis, direct bilirubin or liver enzyme values [6].

Fluconazole prophylaxis has also been evaluated in two studies 
demonstrating long-term neurodevelopmental safety in less than 
1000 grams premature infants. At 18–22 months, neurodevel-
opmental impairment using the Bayley III cognition composite 
scores did not differ (31% in the fluconazole-treated patients and 

-
velopmental status and quality of life of survivors from the first 
randomized controlled trial [16] were evaluated. There were no 
differences in the Vineland Adaptive Behavior Scales-II scores 
for the fluconazole-treated compared with the placebo group [24]. 
This fact is important because it shows that none of the infants in 
the treatment group developed infection compared with 20% of 
infants in the placebo group as mentioned before [16].

There is some concern that any prophylaxis treatment will lead 
to more resistance.

Resistance was also evaluated, and no difference was found 
in azole susceptibility testing between the fluconazole and pla-
cebo groups, and no emergence of 
resistance was found [25].

Studies of both 3 mg/kg dosing 
and twice-weekly administration 
have demonstrated no significant 
increase in minimum inhibitory concentration (MIC) among 
fungal strains causing colonization or infection over 5-, 6-, and 
11-year time periods in various NICUs [6].

Sarvikivi and associates [26] studied the use of fluconazole 
prophylaxis over a 12-year period in a NICU and found no 

 BSIs or resistance, no  or  BSIs, and only 
two cases of fluconazole-resistant  BSI. This study 
revealed some emergence of resistance with higher (6 mg/kg) 
and more frequent (daily) dosing of fluconazole. It illustrated 

two important points. First, although a rare occurrence, high 
doses and total NICU exposure to fluconazole may have led to 
the resistant strains. Second, it is important to use a different 
antifungal agent for treatment than the one used for prophylaxis, 
so that if an infection by a resistant organism occurs, treatment 
will be with an effective antifungal agent. 

A report by U.S. Centers for Disease Control and Prevention 
(CDC) declared that antifungal resistance is a growing threat. 

-
dida BSI isolates tested at CDC 
were resistant to fluconazole, but 
it remained fairly constant over 
the past 20 years. The resistance 

is more a concern for non  species (e.g., C. auris), 
which was found in more than 90% being resistant to fluco-

Nystatin was the first antifungal studied for prophylaxis in 
preterm infants and has been the subject of randomized, qua-
si-randomized, retrospective, and epidemiologic studies [28,29]. 

Ozturk et al. [29] examined the efficacy of starting antifungal 

later and targeting only colonized infants once colonization was 
detected by surveillance cultures. Fungal BSI was decreased by 

compared to only 62% when started after colonization was de-
tected. The rates of candidemia decreased significantly with oral 
nystatin prophylaxis in both ELBW and VLBW infants. 

One RCT of infants whose birth weights were less than 1500 
grams compared oral fluconazole to oral nystatin prophylax-

enteral feedings were achieved [30]. Although ICI rates were 
similar between the groups, there were no deaths in the fluco-

the nystatin-treated group (  = 0.03). 
Another study by Aydemir 

and associates [31] demonstrat-
ed no difference between groups 
regarding NEC, with an 8.6% 
incidence for fluconazole, 9.6% 

incidence for nystatin, and 9.9% incidence for placebo, or mor-
tality, with 8.6% incidence for fluconazole, 8.5% incidence for 
nystatin, and 12.1% incidence for placebo. ICI rates were signifi-
cantly lower in both the fluconazole (3.2%) and nystatin (4.3%) 
groups compared with the placebo (16.5%) group (  < 0.0001).

When fluconazole for antifungal prophylaxis was compared 
to enteral nystatin, the evidence favors fluconazole due to its 
greater efficacy (80–90% compared with 50–60%), safer at 
the lowest gestational ages, lower costs, twice-weekly admin-



istration, intravenous or orally, and ability to administer it to 
all high-risk infants (< 1000 grams), even for the ones who are 
unable to be fed due to gastrointestinal disease.

The Infectious Diseases Society of America (IDSA) states that 
prophylaxis for IC with fluconazole can be considered for VLBW 
newborns in NICU with rates of candidiasis higher than 10% 
based on placebo-controlled randomized trials [32]. 

The Red Book 2015 released guidelines regarding antifungal 
prophylaxis for preterm infants weighing less than 1000 grams. It 
states: On the basis of current data, fluconazole is the preferred agent 
for prophylaxis, because it has been shown to be effective and safe. 
Fluconazole prophylaxis is recommended for extremely low birth 
weight infants cared for in neonatal intensive care units with mod-

Subsequently, the European Society of Clinical Microbiol-
ogy Infectious Diseases recommended antifungal prophylaxis 
in neonates as strong evidence, considering risk stratifica-
tion strategy: (a) in NICUs with high frequency IC (> 5%), 
fluconazole 3–6 mg/kg twice a week, intravenous or orally, 
is indicated to all infants with birth weight lower than 1000 
grams, based on six systematic reviews and meta-analyses. (b) 
in NICUs with incidence rate lower than 2%, the decision to 
use prophylaxis with fluconazole should be made individually 
or considered according to the risk factors of each newborn 
(e.g. infants < 1000 grams, with risk factors for IC as central 
venous catheter, use of third-generation cephalosporins and 
carbapenems) [34].

In Europe, the Spanish Society of Pediatric Infectious Dis-
eases recommends the use of prophylactic fluconazole at a 
dose of 3 mg/kg, twice a week, throughout the period of risk in 
preterm infants of VLBW in NICU with incidence of IC greater 
than 10%, based on randomized clinical trials and recommenda-
tions of Concise Reviews of Pediatric Infectious Diseases [35]. 

The recommended regimen for ELBW neonates is to initi-

hours after birth at a dose of 3 mg/kg, and administer it twice 
a week for 4–6 weeks, or until intravenous access is no longer 
required for care [30].

Extremely preterm infants are at high risk for mortality and mor-
bidity including neurodevelopmental impairment from invasive 
Candida infections. Prophylactic antifungal therapy has been 
shown to reduce both colonization and invasive candidemia in 
high-risk preterm infants. 

More than one site of infections with Candida increases the 
mortality as well as there is more mortality with  than 
non-albicans species.

NICU with risk factors as mentioned above, or in any NICU with 

Many studies demonstrated the benefits of fluconazole pro-
phylaxis regarding its safety of the short-term and long-term 
without the development of fungal resistance. Furthermore, ret-
rospective studies have suggested that empiric antifungal ther-
apy may lower mortality and improve outcomes. Fluconazole 
prophylaxis has an advantage over nystatin.

Clinicians at different NICUs should continue to evaluate in-
stituting antifungal prophylaxis to prevent ICI based on the 
incidence rates of candidiasis and the risk factors of each 
newborn.



One important characteristic of coronavirus epidemiology 
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superspreading events in specific settings and analyzed 

the authors identified several importation events, further 
investigated the context and contribution of particular 
superspreading events to the establishment of local 

been the target of vaccine development, but problems 
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reduce viremia and increase survival in mouse models of 


