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Abstract
Aim This study aims to compare the efficacy of orally
administered Saccharomyces boulardii versus nystatin in
prevention of fungal colonization and invasive fungal in-
fections in very low birth weight infants.
Method A prospective, randomized comparative study was
conducted in preterm infants with a gestational age of
≤32 weeks and birth weight of ≤1,500 g. They were ran-
domized into two groups, to receive S. boulardii or nystatin.
Skin and stool cultures were performed for colonization and
blood cultures for invasive infections, weekly.
Results A total of 181 infants were enrolled (S. boulardii
group, n=91; nystatin group, n=90). Fungal colonization of
the skin (15.4 vs 18.9 %, p=0.532) and the stool (32.2 vs
27 %, p=0.441) were not different between the probiotic

and nystatin groups. Two patients had Candida-positive
blood culture in the nystatin group whereas none in the
probiotic group. Feeding intolerance, clinical sepsis, and
number of sepsis attacks were significantly lower in the
probiotics group than in the nystatin group.
Conclusion Prophylactic S. boulardii supplementation is as
effective as nystatin in reducing fungal colonization and
invasive fungal infection, more effective in reducing the
incidence of clinical sepsis and number of sepsis attacks
and has favorable effect on feeding intolerance.

Keywords Saccharomyces boulardii . Nystatin . Candidal
colonization . Invasive fungal infection . Very low birth
weight infants

Introduction

Very low birth weight (VLBW) infants in neonatal intensive
care units (NICU) are at high risk for invasive fungal infec-
tions. Candida species are the most common fungal infections
with the estimated incidence of 5–20% in infants who are <28
gestational weeks [2, 11, 12, 16]. The most common
predisposing factors of invasive candidal infections are imma-
turity of the skin, gut barriers and the immune system, inva-
sive techniques like catheterization and endotracheal intuba-
tion, the use of broad spectrum antibiotics, parenteral nutri-
tion, and steroids [16]. Invasive candidal infections in preterm
neonates are often suspected to follow previous candidal
colonization [15]. The balance between the colonization and
invasive infection also depends on the ability of the fungus to
modulate expression of virulence factors [24].

Antifungal prophylaxis is a common practice in VLBW
infants. Fluconazole and nystatin are the most common
medications used for the prophylaxis of invasive fungal
infections [1, 13, 17]. In a recent study performed in our
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center, oral nystatin prophylaxis was found to reduce the
incidence of invasive fungal infection and fungal coloniza-
tion in VLBW infants, and it was shown to be a good
alternative to fluconazole [1].

The use of probiotics appears to be effective in the
prevention of gastrointestinal colonization by Candida and
in the protection from mycotic infections [21]. There are
scarce data in literature on this topic, all of which are with
the use of probiotic bacteria.

Recently, the latest European Society of Clinical
Microbiology and Infectious Diseases guideline for the di-
agnosis and management of Candidal diseases stated three
prophylactic strategies for the prophylaxis of invasive can-
didiasis in premature neonates: (1) oral non-absorbable an-
tifungal agents, (2) oral administration of Lactobacillus and
lactoferrin, and (3) i.v. and oral administration of flucona-
zole [7].

Saccharomyces boulardii, a yeast-based probiotic, has
not been used in the prevention of candidal colonization
and invasive infection in VLBW infants yet. We planned
this randomized study comparing the efficacy of orally
administered S. boulardii versus nystatin in prevention of
fungal colonization and invasive fungal infections in VLBW
infants.

Patients and methods

A prospective, randomized comparative trial was conducted
in our tertiary NICU at Zekai Tahir Burak Maternity
Teaching Hospital (Ankara, Turkey) between May 2011
and November 2011. Preterm infants with a gestational
age of ≤32 weeks (lowest gestational age 24 weeks) and
birth weight of ≤1,500 g (lowest birth weight was 500 g)
were included in the study. Patients were enrolled within the
first 72 h of life. Criteria for exclusion were admission after
72 h of life, major congenital anomalies, and lack of parental
consent.

The study was approved by the ethics committee, and
informed consent was obtained from the parents before
enrollment. The infants were randomly assigned to one of
two groups prospectively. Randomization was performed by
using sequential numbers generated at the computer center
of the NICU. The infants in the probiotic group were given
S. boulardii (Reflor®, Biocodex, Beauvois, France) with a
dose of 250 mg (five billion colony forming unit per day)
added to breast milk or formula (Milupa Prematil Formula,
Milupa AG, Friedrichsdorf, Germany) once a day, starting
with the first feed until discharged. The dose of the S.
boulardii supplementation was empirically decided regard-
ing the results of the previous studies performed in children
[3]. A chassis containing 250 mg S. boulardii was added to
the breast milk or formula once a day just before the

feeding. The supplements were prepared by personnel in
the breast milk team. The infants in the antifungal group
were given nystatin (Micostatin; Bristol-Myers Squibb) sus-
pension (100,000 U/ml) every 8 h starting within the first
3 days of life. The oral cavity was coated with 0.5 ml of
nystatin, and the rest was given through an orogastric tube,
as in the previous study from our center [1].

The primary objective was to evaluate the effectiveness
of S. boulardii compared with nystatin in the prevention of
candidal colonization and infection. Secondary objectives
were the assessment of the incidence of sepsis, mortality,
feeding intolerance, necrotizing enterocolitis, retinopathy of
prematurity, severe intraventricular hemorrhage, and
bronchopulmonary dysplasia. If there were ≥2 signs of
feeding intolerance (abdominal distention, gastric residuals
in the amount that was more than half of the previous
feeding, or heme-positive stools), feeding was stopped and
withheld as long as the signs of feeding intolerance contin-
ued. Infants ≤1,000 g received total parenteral nutrition until
half of the calories were supplied by oral route.

Invasive fungal infection was diagnosed as a positive
culture from blood, urine (≥10,000 or more colony-
forming unit per milliliter from sterile bladder catheteriza-
tion or suprapubic aspiration) or cerebrospinal fluid.
Liposomal amphotericin B was used for the systemic treat-
ment. Invasive fungal infection was considered to have
caused mortality when death occurred within 3 days of a
positive blood culture.

Skin (axilla, an intertriginous and moist area) and stool or
rectal cultures were obtained by two study personnel at
study enrollment and weekly during the 6 weeks. The sam-
ples were obtained by using swabs. All specimens were
inoculated on Saboroud dextrose agar and the plates were
incubated at 37 °C for 48 h. Identification tests were
performed using ID 32C (BioMérieux, France).

Blood cultures for the probable bacterial and fungal in-
fection were obtained once a week. If there was a deterio-
ration of the clinical status of the patient, we evaluated the
acute phase reactants, such as C reactive protein and
ınterleukin-6, in addition to blood, cerebrospinal fluid, and
urine cultures. If the acute phase reactants were elevated, we
began empiric antibiotics. If at least one of the cultures were
positive, we named this situation as “culture-proven sepsis”,
if no positive culture, then “clinical sepsis”. “The number of
sepsis attacks” was defined as the total number of sepsis
episodes (both clinical and culture) in a patient during
hospitalization.

Statistical analysis

The event rate for sample size collection was based on the
previous study in our center (nine). Our recent event rate for
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candidal colonization for VLBW infants was 30 % in our
NICU. With the α error set at 0.05 and the β error set at 0.2,
and an absolute reduction in candidal colonization of 50 %,
the number needed to verify our hypothesis was 90 infants
for each arm. This is the first study with S. boulardii in
reducing candidal colonization and infection. Before begin-
ning the study, we did not know whether it was effective, so
we took account the background colonization rate.

Statistical analyses were performed with SPSS for
Windows, version 19.0 (SPSS, Chicago, IL, USA).
Demographic variables are expressed as frequency counts and
percentages. Mann–Whitney U test was used to compare con-
tinuous variables and the chi-square test was used to compare
categorical variables. Logistic regression analysis was used to
determine the OR of potential risk factors for invasive fungal
infection. Statistical significance was set at p<0.05.

Results

A total of 240 VLBW infants were admitted to our NICU
during the study period. Of these, 59 were excluded (5 of
them had major congenital anomalies, 9 died within the first
7 days of life, and 45 of them did not provide the consent).
A total of 181 infants were enrolled in the trial; none of the
infants dropped out of the program because of parents’ wish
to withdraw the infants from the trial. There were 91 infants
in the S. boulardii group and 90 infants in the nystatin group
(Fig. 1). Characteristics of the patients and major risk factors
for invasive fungal infections are listed in Table 1. There

were no significant baseline differences in risk factors for
invasive fungal infection among the groups.

Rates of candidal colonization, invasive candidal infec-
tion, and secondary outcomes are shown at Table 2.
Gastrointestinal colonization and skin colonization were
insignificant between the groups (32.2 vs 27 %, p=0.441
and 15.4 vs 18.9 %, p=0.532, respectively). Fungal coloni-
zation at both sites occurred in five of the infants (5.6 %) in
the S. boulardii group and ten of the infants (11.2 %) at
nystatin group (p=0.170). Invasive candidal infection
(Candida albicans-positive blood culture) was detected in
two patient at nystatin group and none of the patients at S.
boulardii group. Both S. boulardii and nystatin were effec-
tive to prevent progression of colonization to invasive fun-
gal infection.

No serious effects of S. boulardii and nystatin therapy
were observed. The rate of clinical sepsis in the S. boulardii
group was 31.9 % (n=29) whereas 54.4 % (n=49) in the
nystatin group, which was significantly higher (p=0.002).
Relative risk and risk difference for clinical sepsis in probi-
otic groups was 0.39 (95 % confidence interval, 0.21–0.71).
The incidence of culture-proven sepsis was not significantly
lower in the probiotics group when compared with the
control group (17.6 vs 17.7 %, respectively; p=0.870).
None of the positive blood cultures grew S. boulardii.
Number of sepsis attacks were significantly lower in probi-
otic group (p=0.026).

Infants with at least one episode of feeding intolerance
were significantly lower in the probiotics group compared
with the control group (20.5 vs 44.9 %, respectively; p=

Fig. 1 Flowchart of the
participants
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0.001). However, through the use of logistic regression
analysis and multiple regression analysis, no clinical factor
was documented to be the independent risk factor for can-
didal colonization and invasive candidal infection.

Discussion

We performed the first prospective, randomized, compara-
tive trial comparing S. boulardii, a yeast-based probiotic,
with nystatin for the prevention of candidal colonization and
invasive candidal infection in VLBW infants. This study
demonstrated that S. boulardii prophylaxis is similar in
efficacy to nystatin in VLBW.

Since VLBW infants in NICUs are at high risk for invasive
fungal infections, the effects of different agents to prevent colo-
nization and invasive infection have been studied. Fluconazole is
the well-known one and it was shown that prophylactic admin-
istration of fluconazole to VLBW infants is safe and results in
decreased candidal colonization [10, 13, 17]. In recent years,
focus on nystatin have been increased. Ozturk et al. [20] and
Howell et al. [8] demonstrated that nystatin prophylaxis reduced
the incidence fungal infection and Ganesan et al. [5] demonstrat-
ed decrease in the incidence of fungal colonization and invasive
fungal infection in VLBW infants. Recently, the randomized
controlled trial performed at our clinic by Aydemir et al. [1]

showed that nystatin prophylaxis reduced the fungal colonization
and invasive fungal infection as compared with no prophylaxis
and both nystatin and fluconazole were equally effective in
reducing fungal colonization and invasive fungal infection.
According to this study, the incidence of invasive fungal infec-
tion in our center was 4.3 % in the nystatin group and 16.5 % in
the control group. From that time on, we prefer oral nystatin
prophylaxis in VLBW infants at a dose of 100,000 U orally,
three times a day. Since S. boulardii was shown to have
anticandidal effect, we aimed to compare the effect of S.
boulardii and nystatin on candidal colonization and infection
and we planned this prospective randomized comparative study.

S. boulardii, a yeast strain, was shown to have an inhibitory
effect on the filamentation (hyphae and pseudohyphae forma-
tion) of C. albicans and diminishes adhesion of C. albicans and
subsequent biofilm formation on plastic surfaces in in vitro
studies [14]. In mouse model of colitis, S. boulardiiwas shown
to decrease inflammation and C. albicans colonization [9]. In
recent two in vitro studies ofMurzyn et al. [18, 19], S. boulardii
was indicated to decrease C. albicans adhesion, filamentous
growth, biofilm formation, and reduce cytokine-mediated in-
flammatory host response. In contrast to previous studies, in a
recent animal study in mice, oral administration of S. boulardii
was found ineffective in gastrointestinal colonization of
Candida [22]. As seen, all of the studies about the effect S.
boulardii on candidal colonization and infection were at

Table 1 Characteristics of the patients

Probiotic group (n=91) Antifungal group (n=90) p value

Demographic features

Maternal age, year, median (min–max) 28.0 (17–45) 26.5 (18–40) 0.886

Gravida, median (min–max) 2.0 (1–8) 2.0 (1–8) 0.636

Parity, median (min–max) 2.0 (1–6) 2.0 (1–5) 0.827

Gestational age, week, mean±SD 29.0±2.7 28.4±2.6 0.239

Birth weight, g, mean±SD 1135±253 1057±290 0.071

Female, n (%) 46 (50.5) 40 (44.4) 0.411

Cesarean section, % 79.1 82.2 0.597

Apgar, 5 min, median 6 (4–9) 6 (4–9) 0.759

Prenatal steroid, n (%) 53 (58.2) 47 (52.2) 0.415

Preeclampsia, n (%) 17 (18.7) 21 (23.3) 0.442

Prolonged rupture of amniotic membrane, n (%) 9 (9.9) 9 (10) 0.980

Chorioamnionitis, n (%) 1 (1.1 %) 5 (5.6 %) 0.118

Use of umbilical venous catheter, n (%) 66 (72.5) 63 (70) 0.707

Umblical venous catheter, days, median (min–max) 7 (2–11) 8 (2–12) 0.061

Clinical features

Mechanical ventilation, days, median (min–max) 3.5 (1–38) 5 (1–40) 0.278

NCPAP duration, days, median (min–max) 4 (1–30) 3 (1–35) 0.719

Oxygen, days, median (min–max) 3 (1–72) 3 (1–54) 0.842

Duration of total antibiotic treatment, days, median (min–max) 10 (0–50) 14.5 (0–40) 0.043

NCPAP nasal continuous airway pressure
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experimental levels. Our study is the first randomize compara-
tive study showing the effect of S. boulardii on candidal colo-
nization and infection in human beings. S. boulardii was also
effective to prevent progression of colonization to invasive
fungal infection.

The striking secondary outcomes of our studywere the effects
of S. boulardii on clinical sepsis and number of sepsis attacks.
We showed that S. boulardii reduced the incidence of clinical
sepsis in VLBW infants and we suggest that changing the
intestinal flora by S. boulardii could not prevent culture-
positive sepsis but prevent clinical (culture negative) sepsis.
Immune deficient status of a preterm infant and frequencies of
invasive procedures are the other factors leading to increased
incidence of sepsis in VLBW infants, which cannot be
overwhelmed by orally administered, unabsorbed probiotic
strains. We should never forget that measure of hygiene and
microbial surveillance are the best techniques to reduce infec-
tions in NICU.

In the present study, we also demonstrated that feeding
intolerance decreased with S. boulardii supplementation in

VLBW infants. This effect may also attribute to regulation
of intestinal motility [6]. The effects on number of clinical
sepsis attacks and feeding intolerance were the other posi-
tive features of this yeast-based probiotic on VLBW infants.

Probiotics are live microorganisms, so it is possible that
they may result in infection in the host. Although no adverse
effects were observed in any of our patients with S.
boulardii, the administration of S. boulardii is not without
risk. In the literature, there are at least 100 cases published
of S. boulardii sepsis in high-risk immunocompromised
patients [4, 23]. In our study, we performed weekly blood
cultures and did not observe any infection related to the
probiotic strain.

Conclusion

Prophylactic S. boulardii and nystatin are equally effective
in reducing candidal colonization and invasive fungal infec-
tion in VLBW infants. S. boulardii supplementation at a

Table 2 Rates of fungal colonization, invasive fungal infection, and secondary outcomes

Probiotic group (n=91) Antifungal group (n=90) p value

Primary outcomes

Stool colonization, n (%) 29 (32.2) 24 (27) 0.441

Skin colonization, n (%) 14 (15.4) 17 (18.9) 0.532

Skin and stool colonization, n (%) 5 (5.6) 10 (11.2) 0.170

Positive blood culture (n) Escherichia coli (5) E. coli (4) 0.870
Staphylococcus epidermidis (6) S. epidermidis (4)

Streptococcus mitis (1) Staphylococcus saprophyticus (1)

Enterococcus fecalis (1) Staphylococcus hominis (1)

Pseudomonas auroginosa (2) Staphylococcus warneri (1)

Staphylococcus capitis (1) Klebsiella oxytoca (1)

E. fecalis (2)

Candida albicans (2)

Secondary outcomes

Number of sepsis attack, median (min–max) 0 (0–4) 1 (0–3) 0.026*

Duration of hospitalization, days, median (min–max) 50.5 (10–120) 50.5 (8–134) 0.811

Feeding intolerance, n (%) 18 (20.5) 40 (44.9) 0.001*

NEC stage ≥2, n (%) 2 (2,2) 2 (2,2) 1.0

Death, n (%) 2 (2.2) 2 (2.2) 1.0

Death or NEC, n (%) 9 (6.6) 12 (8.8) 0.507

RDS, n (%) 59 (64.8) 53 (58.9) 0.410

BPD, n (%) 16 (17.6) 20 (22.5) 0.412

IVH (grade ≥3), n (%) 5 (5.3) 4 (4.4) 0.712

PDA, n (%) 31 (34.1) 30 (33.3) 0.917

ROP, n (%) 8 (8.9) 11 (12.2) 0.467

Feeding intolerance, n (%) 18 (20.5) 40 (44.9) 0.001*

NEC necrotizing enterocolitis, RDS respiratory distress syndrome, BPD bronchopulmonary dysplasia, IVH intraventricular hemorrhage, PDA
patent ductus arteriosus, ROP retinopathy of prematurity

*p<0.05
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dose of 250 mg/day may be an alternative to nystatin since it
is safe for VLBW infants and effective in reducing the
incidence of clinical sepsis, number of sepsis attacks, and
has favorable effect on feeding intolerance.
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