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ABSTRACT

Background. Preterm infants with very low birth weight are at increased risk of invasive fungal infections. Preventive 
strategies are needed to improve their clinical course and survival.

Objectives. To assess the efficacy and safety of antifungal agents as prophylaxis in controlling invasive fungal 
infection and mortality in very low birth weight (VLBW) and extremely low birth weight (ELBW) infants in neonatal 
intensive care units.

Methods. We searched MEDLINE (PubMed), Cochrane databases, Google Scholar, Trip database, Herdin, and 
ClinicalTrials.gov without language restriction and publications from January 1988 to May 2021. We included 
randomized controlled trials or controlled clinical trials that compared the effect of prophylactic oral or systemic 
antifungal agents versus placebo in preterm infants < 37 weeks age of gestation and with birth weight lower than 
1500 grams. We conducted a meta-analysis using RevMan 5.4.1 and certainty of evidence rating using GRADEpro 
software.

Results. A total of 14 studies (including 3,001 preterm infants with VLBW) were included. We found that prophylactic 
use of nystatin significantly reduced the incidence of invasive fungal infections (IFI) (pooled RR 0.16; 95% CI 0.11, 
0.23; 4 RCTs, N = 1295; P < 0.00001; moderate certainty evidence) in preterm infants compared to placebo but 
had no significant effect on the mortality (RR 0.87; 95% CI 0.62, 1.23; 4 RCTs, N = 1295; P = 0.43; low certainty 
evidence). Similarly, fluconazole decreased the incidence of IFI (RR 0.38; 95% CI 0.28, 0.53; P = 0.02) and showed 
statistically significant reduction in mortality (RR 0.78; 95% CI 0.61, 0.99; RCTs, N = 1484; P = 0.04; high certainty 
evidence). The comparison of the two antifungals showed a trend favoring fluconazole, however the difference was 
not statistically significant in decreasing IFI (RR 1.60; 95% CI 0.68, 3.77; P = 0.28) and mortality (RR 1.62; 95% CI 
0.76, 3.45; P = 0.21).

Conclusion. Administration of antifungal prophylaxis proves to be beneficial and can probably decrease invasive 
fungal infection and mortality. The evidence showed that Fluconazole is superior as antifungal prophylaxis compared 
to placebo while there is no significant difference between fluconazole and nystatin in decreasing fungal infection 
and mortality among preterm neonates.
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INTRODUCTION

It is estimated that 15 million babies are born prema-
turely every year. Worldwide, prematurity is one of the 
leading causes of under 5 mortalities. Premature or preterm 
birth is when a baby is born too early before 37 weeks of 
pregnancy have been completed. The more premature the 
baby is the higher risk of death or complications.1 

More than 60% of preterm births occur in Africa 
and South Asia. Around 12% of babies in lower-income 
countries are born too early compared with 9% in higher-
income countries.2 Globally, the mortality rate for preterm 
infants has improved over the last decades.3 The Philippines 
in 2017 still identified prematurity and its complications as 
the leading cause of neonatal deaths at 31%. Infants born 
prematurely also remain vulnerable to many complications 
such as respiratory distress syndrome, bronchopulmonary 
dysplasia, injury to the intestine, necrotizing enterocolitis, 
compromised immune system, hearing and vision problems, 
and neurologic insult. Prematurity is the most important 
risk factor for nosocomial infection.3-6 Preterm babies are 
likewise more susceptible to developing an invasive fungal 
infection as compared with full-term babies. Gestational 
age, male gender are also risk factors for the development 
of invasive fungal infection while vaginal delivery and use of 
antibiotics during the first week of life further increase the 
incidence among the more premature infants.7 Studies also 
showed that colonization of the skin and gastrointestinal 
tract, and use of indwelling catheters are predictors of 
systemic fungal infections.8 C. albicans and C. parapsilosis are 
the most common species isolated in episodes of invasive 
disease in neonates.9

Neonatal systemic fungal infection or invasive fungal 
infection is defined as fungal infection of a normally sterile 
body site such as blood, urine, CSF while colonization 
pertains to the isolation of fungi on skin or mucosal surface 
without evidence of invasion.10 

Invasive fungal infections are a major cause of morbidity 
and mortality in neonates and both immunocompromised 
and immunocompetent children.11 The rate of predisposition 
to invasive fungal infection correlates with the degree of 
the underdeveloped immune system, skin, respiratory and 
gastrointestinal tract.12 Several factors, including the use 
of indwelling devices, broad-spectrum antibiotics, total 
parenteral nutrition, corticosteroids, gastrointestinal surgery, 
and/or history of fungal colonization, contribute to the risk.13

Invasive fungal infection in preterm infants typically 
occurs around the third week of life presenting with signs 
and symptoms of generalized late-onset sepsis (respiratory 
distress, feeding intolerance, lethargy, and hypotension), 
predominantly, as a result of Candida spp. infection.14-16 

Local studies in the Philippines are very limited. In a 
study conducted in a single tertiary hospital by Sta Maria 
K, et al. in 2019, an overall prevalence rate of invasive 
candidiasis was reported at 10.24% (ELBW 15.36%, VLBW 

8.11%). Candida albicans was isolated in 37.80% of cases 
while non-albicans candida (NAC) in 36.58% of neonates.17

Invasive fungal infection is associated with high 
morbidity and mortality of premature infants. The 
involvement of the central nervous system is a unique 
characteristic of invasive candidiasis among infants. The 
incidence of  Candida  meningitis among infants with 
candidemia varies from 5–25%.18-19 Other CNS presentations 
such as parenchymal abscesses and vasculitis are also 
observed in infants with invasive candidiasis.11 However, 
cerebrospinal fluid (CSF) cultures are often negative, CSF 
parameters (e.g., white blood cell count) are often normal, 
and imaging is unreliable.8,20-21

It is recognized that preventive strategies for invasive 
candidiasis are very much needed. General strategies 
include hand hygiene, cohorting, provision of individual 
room for families and newborns; reduction of risk factors 
for colonization and infection for invasive candidiasis, 
such as limitation of use of H2-receptor blockers, cortico-
steroids, and broad-spectrum antibiotics, mainly on the 
use of carbapenems and third-generation cephalosporins; 
minimizing the use of invasive devices including minimal 
manipulation of central venous catheters, as well as early 
introduction of mother´s milk.22 

Several studies support the use of prophylactic 
antifungal agents to significantly decrease colonization and 
the development of invasive disease and its complication. 
Fluconazole is a suitable drug for prophylaxis owing to its 
characteristics of long half-life and high CSF penetration. 
It is metabolized by the liver; 80% is excreted unchanged 
in the urine. These characteristics allow for long dosing 
intervals, excellent tissue penetration, and easy elimination.23

The Infectious Diseases Society of America (IDSA) 
recommends intravenous or oral fluconazole prophylaxis 
given as 3–6 mg/kg twice weekly for 6 weeks, in neonates 
with birth weights < 1000 g among nurseries with high 
rates (> 10%) of invasive fungal infection, Oral nystatin, 
100,000 units 3 times daily for 6 weeks, is an alternative to 
fluconazole in neonates with birth weights < 1500 g when 
Fluconazole is not available or there is suspected azole 
resistance.24 Various Spanish scientific societies (Spanish 
Society of Infectious Diseases and Clinical Microbiology – 
SEIMC and Spanish Society of Pediatric Infectious Diseases 
– SEIP) likewise advocate the use of fluconazole prophylaxis 
at 3 mg/kg/day in newborns with birth weight < 1,500 g, 
continuing it for all the period at risk. The European Society 
of Clinical Microbiology Infectious Diseases (ESC-MID) 
strongly recommends it in the Neonatal Intensive Care 
Unit (NICU) with a prevalence higher than 5% of invasive 
candidiasis in babies < 1,000 g at birth at a dose of 3–6 
mg/kg twice weekly intravenously or orally.25  The Latino 
American Working Group of invasive fungal infections 
also recommends fluconazole prophylaxis 3 mg/kg twice 
a week, in newborns weighing < 1,000 g for six weeks in  
NICU with a prevalence of invasive candidiasis > 5%.26

VOL. 56 NO. 9 202254

Prophylactic Antifungal Agents in Preventing Invasive Candidiasis and Mortality in Infants



Although currently available evidence and foreign 
recommendations show fluconazole as an effective prophy-
laxis treatment against invasive fungal infections in 
preterm neonates in the NICUs, the timing, duration, and 
dosing remain controversial. At present routine giving of 
fluconazole or any other antifungal drug as prophylaxis 
in neonates is not routine in all local institutions.27-31 The 
Philippines has yet to come up with a guideline that will 
recommend the need and use of antifungal prophylaxis.

Nystatin is considered to have a comparable prophylactic 
effect. It has the advantage of not being systemically 
absorbed, allowing sufficient contact with colonizing fungal 
agents in the GI tract. It is also non-toxic, easy to use, and 
less expensive as compared with any other antifungal agents 
including fluconazole.31-33

This systematic review and meta-analysis aimed to assess 
the efficacy and safety of antifungal agents as prophylaxis in 
controlling invasive fungal infection and mortality in very 
low birth weight (VLBW) and extremely low birth weight 
(ELBW) infants in neonatal intensive care units.

MATERIALS AND METhODS

Criteria for considering studies for this review

Type of studies
We included clinical trials, randomized controlled trials, 

meta-analyses, and systematic reviews. There was no language 
restriction applied in the search.

Type of participants
Preterm infants < 37 weeks age of gestation and with 

birth weight lower than 1500 g

Type of intervention
Antifungal prophylaxis with nystatin and fluconazole 

versus no antifungal prophylaxis or use of placebo

Type of outcome measures

Primary outcomes
1. Confirmed invasive fungal infection
2. Mortality
3. Safety
4. Dose of systemic (intravenous) fluconazole prophylaxis 
5. Interval of systemic (intravenous) fluconazole prophylaxis

Secondary outcomes
1. Fungal colonization
2. Mean NICU stay
3. Bronchopulmonary dysplasia (oxygen supplementation 

at 36 weeks postmenstrual age)
4. Necrotizing enterocolitis 
5. Bacterial sepsis

Search methods for identification of studies

Electronic searches
We searched MEDLINE (PubMed), Cochrane 

databases, Google Scholar, Tripdatabase, Herdin, and 
ClinicalTrials.gov without language restriction and publi-
cations from January 1988-May 2021. Keywords used were 
“prematurity,” “very low birth weight infants,” “VLBW,” 
“extremely low birth weight,” “ELBW,” “candida,” “invasive 
candidiasis,” “fungal”, “invasive fungal infection”, “antifungal 
prophylaxis,” “fluconazole prophylaxis,” and “nystatin 
prophylaxis” (Supplementary Table 1).

The search was performed in duplicate by two researchers.

Searching other resources
We also did forward citation tracking, cross-references, 

and hand searching of bibliographies.

Data Collection and analysis

Selection of studies
Two reviewers (SVA and KBB) independently screened 

titles and abstracts of all studies identified by the above 
search strategy. We assessed the full-text reports of any 
potentially eligible records and excluded those studies that 
did not meet all of the inclusion criteria. We discussed any 
disagreements until we achieved consensus. 

Data extraction and management 
A data collection form was made to extract relevant 

information from each included study. Two review authors 
extracted the data separately. Disagreements were discussed 
until a consensus was reached. 

Assessment of risk of bias in included studies
We used the criteria and standard methods of the 

Cochrane Handbook to assess the methodological quality 
of any included trials. We evaluated and reported the 
following issues in the ’Risk of bias’s tables.

Statistical Analysis / Assessment of heterogeneity
Treatment effects of individual trials and heterogeneity 

between trial results were assessed by inspecting the forest 
plots. We calculated the I2 statistic for each meta-analysis 
to quantify inconsistency across studies and describe the 
percentage of variability in effect estimates that may be due 
to heterogeneity rather than to sampling error. If we detected 
substantial heterogeneity (I2 more than 50%), we explored the 
possible causes (e.g., differences in study design, participants, 
interventions, or completeness of outcome assessments). 

Data synthesis
We used the fixed-effect model in Review Manager 

5.4.1 for meta-analysis. For data that yielded inestimable 
results due to zero or missing events, imputation was done 
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to complete the data set and analyze as if it were complete 
and determine the trend.

Subgroup analysis
A subgroup analysis based on the dose, frequency, and 

birth weight was done with findings of significant hetero-
geneity in the studies included.

Assessment of overall certainty of evidence
The Grading of Recommendations, Assessment, Deve-

lopment, and Evaluations (GRADE) approach was used 
to determine the certainty of evidence.

RESULTS

Description of studies

Results of the literature search
Initially, 93 relevant documents were identified of 

which 83 were identified through database searches and 
10 identified through hand searching of bibliographies. 
Seventy-two were included after the duplicates were 
removed while 54 were screened, 24 of which were excluded 
for not meeting the inclusion criteria. Thirty full-text articles 
were assessed for eligibility. After reading the full text, we 
excluded 15 non-RCT articles and one study that used a 
different antifungal. A total of 14 studies were included in 
the qualitative and quantitative synthesis (Supplementary 
Figure 1).

Description of studies
 We included 14 eligible trials: Aydemir 2011; Benjamin 

2014; Jannatdoust 2015; Kaufman 2001; Kaufman 2005; 
Kirpal 2016; Kicklighter 2001; Manzoni 2007; Mersal 
2013; Ozturk 2006; Parikh 2007; Rundjan 2020; Sims 1988; 
Violaris 2010 (Supplementary Table 2).

Included studies 

1. Oral Prophylaxis versus Placebo or No Drug 
(Comparison 1) 

Four trials compared oral/topical non-absorbed 
antifungal prophylaxis with placebo or no drug:
•	 Sims 1988 quasi-randomly allocated 67 infants of birth 

weight less than 1250 grams to receive either oral nystatin 
or no treatment until one week after endotracheal 
extubation (average five weeks). 

•	 Ozturk 2006 randomly allocated 938 VLBW infants 
to receive either prophylactic oral nystatin (100,000 IU 
three times daily) or no treatment. Infants in the control 
group who had oral fungal colonization detected at 
trial entry or on surveillance cultures were treated with 
nystatin (100,000 IU three times daily). 

•	 Aydemir 2011a randomly allocated 185 VLBW infants 
to receive either oral nystatin 100,000 IU three times 

daily or “equal volumes of intravenous or oral normal 
saline” placebo every third day until the 30th day after 
birth (or 45th day in ELBW infants). 

•	 Rundjan 2020 randomly allocated 95 VLBW preterm 
infants to receive either oral nystatin 100,000 IU/mL 
1mL (0.5 mL coated in the oral cavity and another 0.5 
mL was given through orogastric tube) three times daily 
or 1 mL sterile water three times daily for six weeks.

The primary outcomes of all studies were fungal 
colonization and invasive fungal infection. All provided data 
on in-hospital mortality but none assessed any post-discharge 
outcomes.

2. Systemic (intravenous) Fluconazole Prophylaxis 
versus Placebo or No Drug (Comparison 2)

Eight trials compared systemic fluconazole prophylaxis 
with placebo or no drug. The trials were subdivided according 
to dose: 6 mg/kg dose versus 3 mg/kg dose.
•	 Kicklighter 2001 randomized 103 VLBW infants to 

receive either fluconazole 6 mg/kg every three days or 
a placebo for the first 28 days of life. Outcome data on 
invasive fungal infection and mortality were reported. 

•	 Manzoni 2007 randomized 322 VLBW infants to 
receive either fluconazole 6 mg/kg every two days or 
3 mg/kg every 2 days or placebo.

•	 Parikh 2007 randomly assigned 120 VLBW to receive 
either 6 mg/kg every three days or a placebo. Outcome 
data on invasive fungal infection and mortality were 
reported.

•	 Benjamin 2014 randomized 361 VLBW to receive either 
6 mg/kg 2x a week and placebo for 6 weeks. Outcome 
data on invasive fungal infection and mortality were 
reported.

•	 Kaufman 2001 randomly allocated 100 less than 1,000 
gm to receive either fluconazole 3 mg/kg every 1–3 days 
or placebo. Outcome data on invasive fungal infection 
and mortality were reported.

•	 Aydemir 2011c randomly allocated 184 VLBW infants 
to receive either intravenous fluconazole 3 mg/kg every 
third day until 30 days after birth or “equal volumes of 
intravenous or oral normal saline” placebo (or 45 days 
after birth in ELBW infants). 

•	 Jannatdoust 2015 randomly assigned 93 preterm 
neonates less than 1250 g to receive either fluconazole 
3 mg/kg every third day for two weeks, every two days 
for two weeks, and daily for another two weeks or no 
treatment. Outcome data on invasive fungal infection 
and mortality were reported.

•	 Kirpal 2016 randomly assigned 75 preterm neonates 
less than 1500 g to receive either fluconazole 6 mg/kg 
every third day or a placebo. Outcome data on invasive 
fungal infection, mortality, and length of hospitalization 
were reported.
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3. Oral Nystatin versus Systemic Fluconazole 
Prophylaxis (Comparison 3): 

Three trials compared oral/topical antifungal proph-
ylaxis with systemic antifungal prophylaxis:
•	 Violaris 2010 randomized 80 VLBW infants to receive 

either oral nystatin or fluconazole beginning between 
days five to seven after birth. Outcome data on invasive 
fungal infection and mortality were reported. 

•	 Aydemir 2011b randomly allocated 187 VLBW 
infants to receive either oral nystatin 100,000 IU eight 
hourly or intravenous fluconazole 3 mg/kg every third 
day until 30 days after birth (or 45 days after birth in 
ELBW infants). 

•	 Mersal 2013 randomly allocated 59 preterm infants 
of birth weight less than 1200 grams to receive either 
oral nystatin 100,000 IU eight hourly for six weeks 
(N = 24) or intravenous fluconazole 6 mg/kg every 72 
hours at end of the first week of life, then every 48 hours 
from the second week to the sixth week of life (N = 35). 

Safety (Comparison 4):
No study discussed the adverse effects of nystatin. 

Three studies discussed the elevation of liver enzymes 
after the use of fluconazole prophylaxis: Benjamin 2014, 
Kirpal 2016 and Manzoni 2007.

Dose of systemic (intravenous) fluconazole prophylaxis 
(Comparison 5)

Manzoni 2007 randomized 322 VLBW infants to 
receive either fluconazole 6 mg/kg every 2 days or 3 mg/kg 
every 2 days or placebo.

Interval of systemic (intravenous) fluconazole 
prophylaxis (Comparison 6)

Kaufman 2005 randomly assigned 81 preterm neonates 
less than 1,000 gm to receive either fluconazole 3 mg/kg 
every 72 hours for two weeks, every other day for two weeks, 
and daily for another two weeks or fluconazole 3 mg/kg 

twice a week for six weeks. Outcome data on invasive fungal 
infection and mortality were reported.

Excluded studies 
We excluded 16 studies (Weiner 1992; Howell 

2009; Bertini 2005; Healy 2005; Uko 2006; Aghai 2006; 
McCrossan 2007; Healy 2008; Weitkamp 2008; Aziz 2010; 
Rueda 2010; Martin 2011; Rolnitsky 2012; Cetinkaya 2014; 
Lee 2016; Dalili 2020). 

Risk of bias in included studies
Quality assessments are described in the table 

characteristics of included studies and risk of bias (Supple-
mentary Table 3) are displayed in Figure 1. Most of the 
studies included were randomized, double-blind controlled 
trials. In one study by Jannatdoust et al., randomization was 
not explained and Sims et al. used quasi-randomization; 
hence, there was a high risk of bias. In three studies 
(Mersal, Sims, and Violaris), the participants, personnel, 
and assessors were not blinded resulting in classification as 
high risk for performance and detection bias. In the study 
by Mersal, the two deaths that were initially excluded 
seemed to be in the fluconazole group but vaguely discussed; 
hence, was considered high risk for reporting bias.

Effects of interventions 

Oral/topical Nystatin prophylaxis versus placebo or 
no drug (Comparison 1)

Primary outcomes 

Invasive fungal infection (Outcome 1.1). Four RCTs 
compared oral nystatin to placebo for the prevention of 
invasive fungal infection. All these studies demonstrated 
a decline in invasive fungal infection among preterm term 
infants favoring the intervention of giving oral nystatin 
prophylaxis versus placebo, and the difference was statistically 

Figure 1. Risk of bias graph: Review of authors’ judgments about each risk of bias item presented as 
percentages across all included studies.
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significant (RR = 0.16; 95% CI 0.11, 0.23). There was no 
significant heterogeneity as the study population was similar 
across the four studies, infants included were very low birth 
weight < 1500 g, given the same amount and frequency 
of oral nystatin used at every 8 hours and the initiation of 
treatment at 72 hours of life. The study by Ozturk et al. had 
the biggest number of patients while Rundjan et al. had the 
least (Figure 2).

Mortality (Outcome 1.2): In terms of mortality as an 
outcome for nystatin versus placebo, all of the studies did not 
find a significant effect in terms of decreasing mortality. In 
the pooled analysis, 56 out of 649 babies randomized to the 
nystatin group died compared to 64 out of 646 randomized 
to the placebo group. Visually, there seems to be less number 
of babies who died under the nystatin group, however, the 
results showed no statistical difference in mortality between 
nystatin and placebo (P = 0.43) (Figure 3).

Secondary Outcomes

Fungal Colonization (Outcome 1.3). Three RCTs 
compared oral nystatin to placebo for the prevention of 
fungal colonization All studies demonstrated a decline in 
fungal colonization among preterm infants favoring the inter-
vention of giving oral nystatin prophylaxis versus placebo, 

and the difference was statistically significant with a risk 
ratio of 0.16 (95% CI 0.25, 0.51). There was no significant 
heterogeneity among the three studies (I2 = 40%) (Figure 4).

Mean NICU Stay (Outcome 1.4). Two trials reported 
length of stay in the intensive care unit (Sims 1988; Aydemir 
2011a). The pooled data in 252 patients seem to favor giving 
nystatin prophylaxis in terms of shortening the length of 
NICU stay, however, none of the trials reported a statis-
tically significant difference; RR -1.19 (95% CI -7.27, 4.89).

Bronchopulmonary dysplasia (Outcome 1.4). Aydemir 
2011a did not find a statistically significant difference: 
RR 1.29 (95% CI 0.67 to 2.49). Outcome not reported in 
the other trials. 

Necrotizing enterocolitis (Outcome 1.5). Aydemir 
2011a did not find a statistically significant difference: RR 
0.97 (95% CI 0.40 to 2.33). Outcome not reported in the 
other trials. 

IV Fluconazole Prophylaxis versus Placebo or No 
Drug (Comparison 2)

Primary outcomes 

Invasive fungal infection (Outcome 2.1). Eight 
studies compared the effect of fluconazole vs placebo on the 

Figure 3. The effect of nystatin on mortality.

Figure 2. The effect of nystatin on the incidence of invasive fungal infection.
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incidence of IFI. The result of the meta-analysis revealed 
that the occurrence of IFI in the group using fluconazole 
prophylactically was significantly lower than the placebo 
group, and the difference was statistically significant with 
an RR = 0.38 (95% CI 0.28, 0.53). When we analyzed 
according to the dose there was no note of heterogeneity 
in the 3 mg/kg dose but those subanalyzed in the 6 mg/kg 
dose showed significant heterogeneity (I2 = 56%) (Figure 5).

When we visually inspect the plot, we can see that the 
values generated from the study of Parikh crossed the line 
of null effect which seems to favor placebo. When we did 
our sensitivity analysis, we found that the heterogeneity 
was altered with the exclusion of Parikh. Results of Parikh 
can be attributed to the reporting of one more neonate in 
the Fluconazole prophylaxis group as compared with placebo.

Mortality (Outcome 2.2). Among the eight studies 
included, the overall number of deaths was 96 in the 
Fluconazole group while there were 123 in the placebo 
group. The trend favors giving fluconazole as prophylaxis 
to decrease neonatal deaths. The overall mortality in the 
group with prophylactic use of fluconazole was signifi- 

cantly lower than in the placebo group (RR 0.78; 95% CI 
0.61, 0.99) (P = 004). There was homogeneity across the 
studies (I2 = 0%) (Figure 6).

Secondary Outcome

Fungal Colonization (Outcome 2.3). The result of 
the meta-analysis revealed that the occurrence of fungal 
colonization in the group using fluconazole prophylactically 
was significantly lower than the placebo group, and the 
difference was statistically significant (RR 0.36; 95% CI 0.25, 
0.52). When we analyzed according to the dose there was 
no note of heterogeneity in the 3 mg/kg and 6 mg/kg dose 
(I2 = 0%) (Figure 7).

Bacterial Sepsis (Outcome 2.4). The result of the 
meta-analysis revealed that the occurrence of bacterial 
sepsis in the two groups (fluconazole and placebo) seemed 
to be similar, with most studies within the line of no 
effect. Statistically, there was also no significant difference 
between the two groups (RR 0.97; 95% CI 0.84, 1.11). 
When we analyzed according to the dose there was no note 

Figure 4. The effect of nystatin on fungal colonization.

Figure 5. The effect of fluconazole vs placebo on invasive fungal infection.
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of heterogeneity between the 3 mg/kg and 6 mg/kg dose 
(I2 = 0%) (Figure 8).

Oral Nystatin versus IV Fluconazole Prophylaxis 
(Comparison 3)

Primary outcomes 

Invasive fungal infection (Outcome 3.1). The trend 
favors fluconazole in decreasing IFI over nystatin in the 
three studies, however, no statistical difference was noted 

between the two groups. Imputation was done to complete 
the data set and analyze as if were complete and determined 
the trend due to the not estimable result in Mersal 2013. 
Imputation showed similar findings wherein visually, the 
trend favored fluconazole; however, there was no statistical 
difference between the two groups (P = 0.28). There was no 
heterogeneity among the studies (I2 = 0%) (Figure 9).

Mortality (Outcome 3.2). More deaths were observed 
in the nystatin group as compared to the fluconazole group. 
However, there was no significant difference between the 
two antifungal agents (P = 0.23). There was heterogeneity 

Figure 7. The effect of IV fluconazole vs placebo on fungal colonization.

Figure 6. The effect of fluconazole vs placebo on mortality.
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across the studies, which can be due to the sample size 
and the causes of death that need further investigation 
as to whether it is attributable to an adverse event from  
antifungal or be clarified on death due to prematurity 
complications (Figure 10).

Secondary Outcomes

Mean NICU Stay (Outcome 3.3). Aydemir 2011b 
did not find a statistically significant difference with regards 
to the mean NICU stay between the two groups: MD 

Figure 8. The effect of IV fluconazole vs placebo on bacterial sepsis.

Figure 9. The effect of nystatin vs IV fluconazole on invasive fungal infection.

Figure 10. The effect of nystatin vs IV fluconazole on mortality.

VOL. 56 NO. 9 2022 61

Prophylactic Antifungal Agents in Preventing Invasive Candidiasis and Mortality in Infants



−1.00 (95% CI −7.63 to 5.63) days. This was not reported 
by Violaris 2010 or Mersal 2013. 

Bronchopulmonary dysplasia (Outcome 3.4). 
Aydemir 2011b did not find a statistically significant diffe-
rence: RR 1.29 (95% CI 0.67, 2.49]. This outcome was not 
reported by Violaris 2010 or Mersal 2013. 

Necrotizing enterocolitis (Outcome 3.5). Meta-
analysis of data from Violaris 2010 and Aydemir 2011b 
did not detect a statistically significant difference in the 
number of neonates developing necrotizing enterocolitis 
in the two groups (RR 1.22; 95% CI 0.58, 2.60; I2 = 0%). 
This outcome was not reported by Mersal 2013. 

Sepsis (Outcome 3.6). Meta-analysis of data from 
Violaris 2010 and Aydemir 2011b did not detect a statis-
tically significant difference in the neonate’s developing sepsis 
in those given nystatin and fluconazole (typical RR 1.05, 
95% CI 0.80, 1.83). The data however showed statistically 
significant heterogeneity (I2 = 83%). This outcome was not 
reported by Mersal 2013. 

Safety (Comparison 4)
The common  side effects of nystatin included mouth 

irritation, nausea, vomiting, diarrhea or. skin rash. These 
were not measured among the studies on oral nystatin. 
Elevated liver enzymes were reported in three studies 
using fluconazole prophylaxis but did not statistically differ 
from placebo.

In the study of Benjamin et al., there were 4/188 (2%) 
infants in the fluconazole group and 3/173 (2%) in the 
placebo group who had elevated aspartate aminotransferase 
(AST) or alanine aminotransferase (ALT) greater than 250 
U/L; glutamyl transpeptidase (GGT) > 100 U/L in 38/188 
(20%) among those infants with fluconazole prophylaxis 
versus 37/173 infants (21%) in the placebo; conjugated 
bilirubin > 5 mg/dl 15/188 (8%) fluconazole group versus 
20/173 (12%) in the no antifungal group.

Kirpal et al. reported that 2 out of 38 in the fluconazole 
prophylaxis group and 1 out of 37 in the control group 
developed AST/ALT elevation of more than 3 times the 
normal (P > 0.05). No statistically significant adverse effects 
were observed.

There were no significant differences in the levels of 
AST, ALT, GGT and bilirubin in the study by Manzoni 
et al. Among those given 3 mg/kg fluconazole for four 
weeks, 2x elevation of AST was observed in 2/104 (1.9%) 
infants, 0 in placebo; 2x increased ALT in 2/104 (1.9%) 
and 0 in placebo; 2x elevated GGT in 5/104 (4.8%) versus 
6/106 (5.7%) in placebo; bilirubin > 5 mg/dl 2/104 (1.9%) 
fluconazole group, 1/106 (0.9%) placebo. Infants given 
6 mg/kg fluconazole 2x increased AST in 2/104 (1.8%), 
0 placebo; 2x elevated ALT seen among 2/104 (1.8%), 0 
in placebo; 2x GTT levels in 8/104 (7.1%), 6/106 (5.7%) 
in placebo; > 5 mg/dl bilirubin in 1/104 (0.9%) and 1/106 
(0.9%) for those who received fluconazole and no anti- 
fungal prophylaxis respectively.

Dose, Interval and Duration of Nystatin and Fluco-
nazole (Comparison 5)

There was no study comparing different doses of 
nystatin and there was only one study by Manzoni et al. 
that compared different doses of fluconazole (3 mg/kg 
and 6 mg/kg). The incidence of invasive fungal infection 
was 2.7% in the 6 mg group, 3.8% in the 3 mg group, and 
13.2% in the placebo group (P = 0.005 for the 6 mg group 
and P = 0.02 for the 3 mg group vs. the placebo group). The 
overall mortality was similar among groups.

One study by Kaufman et al. compared fluconazole 
3 mg/kg every 72 hours for two weeks, every other day for 
two weeks, daily for two weeks (Group A), and twice a week 
for six weeks (Group B). Fungal bloodstream infection/
invasive fungal infection occurred in two (5%) Group A 
and one (2.5%) Group B patient (risk difference, 0.02; 
95% CI, 20.14, 0.10; P = 0.68).

GRADE Evidence Profile (Tables 1–3)

Oral nystatin prophylaxis versus placebo or no drug 
(Comparison 1)

Nystatin prophylaxis showed clear benefit and the 
evidence was deemed moderate due to the risk of bias. In 
three studies, the assessors and personnel were not blinded 
which can make them at risk for performance and detection 
bias. The certainty of evidence in the mortality outcome 
was further downgraded due to the wide confidence interval.

Fluconazole prophylaxis versus placebo or no drug 
(Comparison 2)

Fluconazole clearly showed a benefit compared to 
placebo with high certainty evidence. The beneficial use 
of fluconazole as prophylaxis is reflected in the decrease 
in the number of patients who developed invasive fungal 
infections and deaths as compared to placebo.

Oral nystatin versus systemic (intravenous) fluco-
nazole prophylaxis (Comparison 3)

For the nystatin vs fluconazole prophylaxis, it was 
assessed to be of clear benefit but the certainty of the evidence 
was moderate, downgraded due to risk of bias. The methods 
of random sequence generation and allocation concealment 
were not stated and the assessors and personnel were not 
blinded in one study. Two studies did not explain how the 
participants, assessors, and personnel were blinded making 
it at risk for performance and detection bias. The nystatin 
group had more patients who developed invasive fungal 
infections than the fluconazole group.

DISCUSSION

Prevention of invasive fungal infection is critical for 
the survival of preterm infants, decreases the likelihood of 
complications, end-organ damage, and lifelong sequelae. 
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Table 1. GRADE evidence profile of nystatin prophylaxis vs placebo or no drug on invasive fungal infection and mortality
Certainty assessment Summary of findings

Participants 
(studies) 

Follow-up

Risk of 
bias

Inconsis-
tency

Indirect-
ness

Impre-
cision

Publi-
cation 

bias

Overall 
certainty of 

the evidence

Study event rates (%) Relative 
effect 

(95% CI)

Anticipated absolute effects
With 

Placebo
With 

Nystatin
Risk with 
Placebo

Risk difference 
with Nystatin

Invasive Fungal Infection
1295 
(4 RCTs)

seriousa not 
serious

not 
serious

not 
serious

none ⨁⨁⨁ 
MODERATE

202/646 
(31.3%) 

32/649 
(4.9%) 

RR 0.16 
(0.11 to 

0.23)

313 per 
1,000

263 fewer per 
1,000 (from 278 

fewer to 241 fewer)
Mortality
1295 
(4 RCTs)

seriousa not 
serious

seriousb not 
serious

none ⨁⨁ 
LOW

64/646 
(9.9%) 

56/649 
(8.6%) 

RR 0.87 
(0.62 to 

1.23)

99 per 
1,000

13 fewer per 1,000 
(from 38 fewer 

to 23 more)

CI: confidence interval; RR: risk ratio

Explanations
a One study was quasi-randomized hence at risk for selection bias; three studies did not have participants, assessors, and administrators hence risk for 

performance and detection bias
b Wide confidence interval

Table 2. GRADE evidence profile of fluconazole prophylaxis vs placebo or no drug on invasive fungal infection and mortality
Certainty assessment Summary of findings

Participants 
(studies) 

Follow-up

Risk of 
bias

Inconsis-
tency

Indirect-
ness

Impre-
cision

Publi-
cation 

bias

Overall 
certainty of 

the evidence

Study event rates (%) Relative 
effect 

(95% CI)

Anticipated absolute effects
With 

Placebo
With 

Fluconazole
Risk with 
Placebo

Risk difference 
with Fluconazole

Invasive Fungal Infection
1371 
(7 RCTs)

not 
serious

not 
serious

not 
serious

not 
serious

none ⨁⨁⨁⨁ 
HIGH

109/673 
(16.2%)

43/698 
(6.2%) 

RR 0.38 
(0.28 to 

0.53)

162 per 
1,000

100 fewer per 
1,000 (from 117 

fewer to 76 fewer)
Mortality
1484 
(8 RCTs)

not 
serious

not 
serious

not 
serious

not 
serious

none ⨁⨁⨁⨁ 
HIGH

123/743 
(16.6%) 

96/741 
(13.0%) 

RR 0.78 
(0.61 to 

0.99)

166 per 
1,000

36 fewer per 
1,000 (from 65 

fewer to 2 fewer)

CI: confidence interval; RR: risk ratio

Table 3. GRADE evidence profile of oral nystatin vs fluconazole prophylaxis on invasive fungal infection and mortality
Certainty assessment Summary of findings

Participants 
(studies) 

Follow-up

Risk of 
bias

Inconsis-
tency

Indirect-
ness

Impre-
cision

Publi-
cation 

bias

Overall 
certainty of 

the evidence

Study event rates (%) Relative 
effect 

(95% CI)

Anticipated absolute effects
With 

Fluconazole
With 

Nystatin
Risk with 

Fluconazole
Risk difference 
with Nystatin

Invasive Fungal Infection
326 
(3 RCTs)

seriousa not 
serious

not 
serious

not 
serious

none ⨁⨁⨁ 
MODERATE

5/166 
(3.0%)

10/160 
(6.3%) 

RR 1.89 
(0.66 to 

5.39)

30 per 1,000 27 more per 1,000 
(from 10 fewer 
to 132 more)

Mortality
326 
(3 RCTs)

seriousa not 
serious

not 
serious

not 
serious

none ⨁⨁⨁ 
MODERATE

10/166 
(6.0%) 

16/160 
(10.0%) 

RR 1.62 
(0.76 to 

3.45)

60 per 1,000 37 more per 1,000 
(from 14 fewer 
to 148 more)

CI: confidence interval; RR: risk ratio

Explanation
a The study of Volaris did not explain how randomization and allocation was done, participants, personnel, and assessors were unblinded
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Administration of antifungal prophylaxis proves to be 
beneficial and can decrease invasive fungal infection and 
mortality. 

Nystatin and fluconazole are among the antifungal 
agents in current clinical use.34 Nystatin, a polyene, is 
the earliest antifungal drug primarily by the oral route. 
It is active against many species of yeast and candida 
albicans and is widely used to treat skin and oropharyngeal 
candidiasis. Nystatin is not absorbed orally and has not been 
linked to drug-induced liver injury.35 Fluconazole, on the 
other hand, is a well-tolerated triazole with good activity 
against Candida spp. except C. krusei and C. glabrata. In 
the prophylactic setting, fluconazole has proven efficacy 
for primary prevention of invasive candidiasis in high-risk 
patients with leukemia, bone marrow, liver transplantation 
and cryptococcosis, and recurrent mucosal candidiasis in 
Acquired Immunodeficiency Syndrome (AIDS). The use 
of fluconazole as prophylaxis should, however, be limited 
to selected high-risk patients to prevent the emergence of 
azole-resistant strains.36

The current meta-analysis of data from four randomized 
clinical trials (Sims 1988, Ozturk 2006, Aydemir 2011, 
and Rundjan 2020) suggested that oral nystatin decreases 
colonization as well as the risk of invasive fungal infection 
in VLBW infants significantly. However, none of these 
showed a substantial effect on mortality. In the included 
studies the causes of death were not fully explained. The 
findings, therefore, must be treated with caution. More 
robust studies with larger sample sizes and improved 
methodological quality (e.g., blinding of assessors and 
personnel) are needed to strengthen the recommendation on 
the beneficial use of nystatin among preterm infants. Based 
on available data, there is no established effective timing 
and duration in using nystatin for high-risk infants.

The most reliable and methodological evidence is in 
favor of the use of fluconazole in preventing colonization, 
invasive fungal infection, and mortality. In most of the studies 
regardless of the dosage, the benefit of fluconazole was seen. 
Only one study by Manzoni et al. was able to compare 
different dosages of fluconazole compared to placebo. Based 
on the limited available data it was difficult to determine 
the magnitude and effect of the different dosages (3 mg/kg 
vs 6 mg/kg) on fungal colonization, invasive infection, and 
mortality. However, the use of either 3 mg/kg or 6 mg/kg 
fluconazole was superior to not giving anti-fungal prophylaxis 
at all. Protective or preventive level achieved by using a smaller 
dose of fluconazole at 3 mg/kg may offer the advantage of 
decreasing the likelihood of azole-resistance organisms and 
maybe more cost-saving. However, this has yet to be seen in 
further studies.

In terms of the interval between doses, there was only 
one study by Kaufman et al. which examined the effect of 
the different intervals of giving fluconazole. In the study, 
81 preterm neonates less than 1,000 gm were randomly 
assigned to receive either fluconazole 3 mg/kg every 72 hours 

for two weeks, every other day for two weeks, and every 
day for another two weeks or fluconazole 3 mg/kg twice a 
week for six weeks. Both schedules revealed a reduction 
in invasive fungal infection and mortality but favor the 
twice-weekly regimen for six weeks. With the given data, 
recommendation on the interval dosing of fluconazole at 
this time is difficult to establish. 

Aside from invasive or systemic fungal infection and 
death, prematurity as earlier mentioned predisposes an 
infant to other serious complications. In the included 
studies in this meta-analysis, other outcomes measured 
seen were bronchopulmonary dysplasia (BPD), necrotizing 
enterocolitis (NEC), bacterial sepsis and mean length of 
stay in the NICU. Their length of stay (LOS) in hospital is 
influenced primarily by their gestational age (GA) at birth 
and medical conditions leading to longer stays.

With the onset of bronchopulmonary dysplasia or 
NEC (necrotizing enterocolitis) among preterm infants 
and association with antifungal prophylaxis, the study 
of Aydemir et al. showed that there were no significant 
differences between those who received nystatin prophylaxis 
versus no drug for both outcomes measured. Two trials 
(Sims 1988, Aydemir 2011) demonstrated shorter mean 
NICU stay among infants given nystatin prophylaxis versus 
placebo. Results are inconclusive on the effect of antifungal 
prophylaxis on the length of NICU stay of preterm infants. 
These observations can be attributed to small sample sizes 
in the studies. 

Among infants who developed bacterial sepsis given 
nystatin or fluconazole or placebo, the incidence of bacterial 
sepsis seemed to be lower with the use of fluconazole but 
data is not sufficient to conclude. 

Nystatin and fluconazole are relatively safe and well-
tolerated. Literature reports common adverse effects of 
nystatin are gastrointestinal upset and rashes which are 
not often observed. Fluconazole on the other hand has 
been associated with elevated liver enzymes and jaundice. 
Hepatoxicity, however, was not related to the amount or 
duration of treatment.37 Rarely, angioedema, hypokalemia, 
leucopenia, neutropenia, thrombocytopenia was seen. In the 
studies on antifungal prophylaxis, there were no reported 
clinically significant adverse effects with the use of nystatin 
or fluconazole but findings were limited to only three 
studies (Manzoni 2007, Kirpal 2016 and Benjamin 2014) 
which included safety as an outcome measure. The authors 
did not find any statistical safety concerns associated with 
the use of fluconazole. No study mentioned any safety 
signals on nystatin.

The goal of caring for sick preterm infants should be 
to promote normal growth and development and minimize 
morbidity and mortality especially while they are admitted 
to the NICU. Advances in medicine and research result in 
better neonatal outcomes. Fungal infection continues to be a 
problem and often aggravates the frail condition of preterm 
infants. Fluconazole has been proven to be beneficial in 
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preventing and controlling the systemic fungal infection 
and even death. Local guidelines should consider including 
this antifungal agent as part of the armamentarium in the 
management of preterm. Identification of preterm infants 
who are at high risk of infection and dying from fungal 
infection should be prioritized. 

Limitations of the study
This meta-analysis included studies involving only 

two types of prophylactic anti-fungal agents, nystatin and 
fluconazole as these are the commonly used drugs. Available 
studies which are randomized controlled trials have also 
limited these drugs. The authors found two studies that 
looked into Amphotericin B and Miconazole as prophylaxis 
but were excluded because these were observational studies.

Recommendations
Future targets for research should include optimum 

dosing schedule, frequency, and duration of antifungal 
prophylaxis. A cost-benefit analysis should be done to 
evaluate the value of giving antifungal prophylaxis among 
preterm neonates and also consider the type of antifungal 
to be used. It is also noteworthy to evaluate the risk factors 
associated with progression to invasive fungal infection and 
death. Further investigation is suggested on the tolerability 
and safety profile and the possibility of the emergence 
of resistance to the prophylactic use of nystatin and  
fluconazole.

CONCLUSION

Fungal infection among neonates causes a significant 
burden in the NICU. Administration of antifungal 
prophylaxis proves to be beneficial and can decrease invasive 
fungal infection and mortality. The evidence showed that 
fluconazole is superior to placebo as antifungal prophylaxis 
in decreasing fungal infection and mortality among preterm 
neonates. Although nystatin demonstrated a potential to 
decrease fungal colonization and invasive infection, the 
lack of robust data limits the recommendation of its use as 
an alternative to fluconazole as prophylaxis. More studies 
on nystatin with bigger sample sizes and improvement in 
methodological quality of studies are warranted.

Supplementary Materials
The supplementary figure and tables are available upon 

request from the authors.

Statement of Authorship
Both authors contributed in the conceptualization of 

work, acquisition and analysis of data, drafting and revising 
and approved the final version submitted.

Author Disclosure
Both authors declared no conflicts of interest.

Funding Source
The study has no funding support.

REFERENCES

1. Centers for Disease Prevention and Control, US Department 
of Health and Human Services. Treatment and Management of 
Infections and Colonization [Internet]. c2021 [updated 2021 Mar 29; 
cited 2021 Nov 10]. Available from: https://www.cdc.gov/fungal/ 

2. Patel RM, Ferguson J, McElroy SJ, Khashu M, Caplan MS. Defining 
necrotizing enterocolitis: current difficulties and future opportunities. 
Pediatr Res. 2020 Aug; 88(Suppl 1):10-5. doi: 10.1038/s41390-020-
1074-4. PMID: 32855506; PMCID: PMC8096612.

3. Institute of Medicine (US) Committee on Understanding Premature 
Birth and Assuring Healthy Outcomes. Preterm Birth: Causes, 
Consequences, and Prevention. Behrman RE, Butler AS, editors. 
Washington (DC): National Academies Press (US); 2007. Mortality 
and Acute Complications in Preterm Infants; p. 313-45.

4. Save the Children Federation, Inc. Healthy Newborn Network 
Philippines [Internet]. c2022 [cited 2021 Nov 3]. Available from: 
https://www.healthynewbornnetwork.org/country/ philippines/ 

5. Hunter CJ, Upperman JS, Ford HR, Camerini V. Understanding 
the susceptibility of the premature infant to necrotizing enterocolitis 
(NEC). Pediatr Res. 2008 Feb; 63(2):117-23. doi: 10.1203/
PDR.0b013e31815ed64c. PMID: 18091350.

6. Ramasethu J. Prevention and treatment of neonatal nosocomial 
infections. Matern Health Neonatol Perinatol. 2017 Feb 13; 3:5. doi: 
10.1186/s40748-017-0043-3.

7. Swanson JR, Gurka MJ, Kaufman DA. Risk factors for invasive 
fungal infection in premature infants: enhancing a targeted prevention 
approach. J Pediatric Infect Dis Soc. 2014 Mar; 3(1):49-56.

8. Fernandez M, Moylett EH, Noyola DE, Baker CJ. Candidal meningitis 
in neonates: a 10-year review. Clin Infect Dis. 2000 Aug; 31(2):458-63.

9. Arsenault AB, Bliss JM. Neonatal candidiasis: new insights into an 
old problem at a unique host-pathogen interface. Curr Fungal Infect 
Rep. 2015; 9(4):246-52. 

10. World Health Organization. Preterm birth [Internet]. c2018 [cited 
19 February 2018]. Available from: https://www.who.int/news-
room/fact-sheets/detail/preterm-birth

11. Steinbach WJ. Epidemiology of invasive fungal infections in 
neonates and children. Clin Microbiol Infect. 2010 Sep; 16(9):1321-7. 

12. Cherry J, Demmler-Harrison GJ, Kaplan SL, Steinbach WJ, Hotez 
PJ. Feigin and Cherry’s Textbook of Pediatric Infectious Diseases. 
8th edition. Philadelphia: Elsevier; c2019. p. 2040-47.

13. Chicella MF, Woodruff ED, Desai MM. A review of Candida 
prophylaxis in the neonatal intensive care population.  J Pediatr 
Pharmacol Ther. 2011; 16(4):237-45. 

14. Kaufman D, Fairchild KD. Clinical microbiology of bacterial and 
fungal sepsis in very-low-birth-weight infants.  Clin Microbiol 
Rev. 2004;17(3):638-80.

15. Smith PB, Steinbach WJ, Benjamin DK., Jr. Neonatal candidiasis.   
Infect Dis Clin North Am. 2005; 19(3):603-15. 

16. Barton M, Shen A, O'Brien K, Robinson JL, Davies HD, Simpson 
K, et  al. Early onset invasive candidiasis in extremely low birth 
weight infants: perinatal acquisition predicts poor outcome. Clin 
Infect Dis. 2017 Apr 1; 64(7):921-7.

17. Sta Maria K, delos Reyes C. Prevalence and risk factors of invasive 
candidiasis among very low birth weight and extremely low birth 
weight neonates in a tertiary hospital, a four-year review. 2017. 
Located at: Department of Pediatrics, University of the Philippines-
Philippine General Hospital, Manila (PH).

18. Benjamin DK Jr, Stoll BJ, Fanaroff AA, McDonald SA, Oh W, 
Higgins RD, et al; National Institute of Child Health and Human 
Development Neonatal Research Network. Neonatal candidiasis 
among extremely low birth weight infants: risk factors, mortality rates, 
and neurodevelopmental outcomes at 18 to 22 months. Pediatrics. 
2006 Jan; 117(1):84-92.

VOL. 56 NO. 9 2022 65

Prophylactic Antifungal Agents in Preventing Invasive Candidiasis and Mortality in Infants



19. Smith PB, Morgan J, Benjamin JD, Fridkin SK, Sanza LT, Harrison 
LH, et al. Excess costs of hospital care associated with neonatal 
candidemia. Pediatr Infect Dis J. 2007 Mar; 26(3):197-200.

20. Cohen-Wolkowiez M, Smith PB, Mangum B, Steinbach WJ, 
Alexander BD, Cotten CM, et al. Neonatal Candida meningitis: 
significance of cerebrospinal fluid parameters and blood cultures. J 
Perinatol. 2007 Feb; 27(2):97-100.

21. Benjamin DK Jr, Poole C, Steinbach WJ, Rowen JL, Walsh TJ. 
Neonatal candidemia and end-organ damage: a critical appraisal of 
the literature using meta-analytic techniques. Pediatrics. 2003 Sep; 
112(3 Pt 1):634-40.

22. Vasileiou E, Apsemidou A, Vyzantiadis TA, Tragiannidis A. Invasive 
candidiasis and candidemia in pediatric and neonatal patients: A 
review of current guidelines. Curr Med Mycol. 2018 Sep; 4(3):28-33. 
doi: 10.18502/cmm.4.3.173.

23. Govindarajan A, Bistas KG, Ingold CJ, Aboeed A. Fluconazole. 2021 
Jun 25. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2021 Jan–. PMID: 30725843. Available from: https://
www.ncbi.nlm.nih.gov/books/NBK537158/

24. 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 Feb 15; 62(4):e1-50. doi: 
10.1093/cid/civ933.

25. 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. doi: 10.1111/1469-
0691.12040.

26. Santolaya ME, Alvarado Matute T, de Queiroz Telles F, Colombo 
AL, Zurita J, Tiraboschi IN, et al. Recommendations for the 
management of candidemia in children in Latin America. Rev 
Iberoam Micol. 2013 Jul-Sep; 30(3 Suppl 1):158-70.

27. Aydemir C, Oguz SS, Dizdar EA, Akar M, Sarikabadayi YU, Saygan 
S, et al. Randomised controlled trial of prophylactic fluconazole 
versus nystatin for the prevention of fungal colonisation and invasive 
fungal infection in very low birth weight infants. Arch Dis Child 
Fetal Neonatal Ed. 2011; 96(3):F164–8.

28. Isaacs D. Fungal prophylaxis in very low birth weight neonates: 
nystatin, fluconazole or nothing? Curr Opin Infect Dis. 2008; 
21(3):246-50.

29. Manzoni P, Farina D, Leonessa M, d'Oulx EA, Galletto P, Mostert 
M, et al. Risk factors for progression to invasive fungal infection 
in preterm neonates with fungal colonization. Pediatrics. 2006; 
118(6):2359-64.

30. Manzoni P, Farina D, Galletto P, Leonessa M, Priolo C, Arisio 
R, et al. Type and number of sites colonized by fungi and risk of 
progression to invasive fungal infection in preterm neonates in 
neonatal intensive care unit. J Perinat Med. 2007; 35(3):220-6.

31. Kicklighter SD, Springer SC, Cox T, Hulsey TC, Turner RB. 
Fluconazole for prophylaxis against candidal rectal colonization in 
the very low birth weight infant. Pediatrics. 2001; 107(2):293-8.

32. Mersal A, Alzahrani I, Azzouz M, Alsubhi A, Alsawaigh H, Albshri 
N, et al. Oral Nystatin versus intravenous fluconazole as neonatal 
antifungal prophylaxis: non-inferiority trial. J Clin Neonatol. 2013; 
2(2):88-92.

33. Ozturk MA, Gunes T, Koklu E, Cetin N, Koc N. Oral nystatin 
prophylaxis to prevent invasive candidiasis in neonatal intensive 
care unit. Mycoses. 2006; 49(6):484-92.

34. Chopra I. Modes of action. In: Finch RG, Greenwood D, Norrby 
SR, Whitley RJ, editors. Antibiotic and Chemotherapy. 9th ed. 
Philadelphia: Elsevier; c2010. p. 10-23. doi: 10.1016/B978-0-7020-
4064-1.00002-6.

35. Zimmerman HJ. Hepatotoxicity: the adverse effects of drugs and 
other chemicals on the liver. 2nd ed. Philadelphia: Lippincott; 1999. 
p. 609-611.

36. Davis MR, Nguyen MH, Donnelley MA, Thompson III GR. 
Tolerability of long-term fluconazole therapy. J Antimicrob  
Chemother. 2019 Mar 1; 74(3):768-71.

37. Ericson JE, Kaufman DA, Kicklighter SD, Bhatia J, Testoni D, Gao 
J, et al; Fluconazole Prophylaxis Study Team on behalf of the Best 
Pharmaceuticals for Children Act–Pediatric Trials Network Steering 
Committee; Fluconazole Prophylaxis Study Team on behalf of the 
Best Pharmaceuticals for Children Act–Pediatric Trials Network 
Steering Committee. Fluconazole prophylaxis for the prevention of 
candidiasis in premature infants: a meta-analysis using patient-level 
data. Clin Infect Dis. 2016 Sep 1; 63(5):604-10.

VOL. 56 NO. 9 202266

Prophylactic Antifungal Agents in Preventing Invasive Candidiasis and Mortality in Infants


