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Objectives We tested the hypothesis that twice weekly prophylactic dosing of fluconazole prevents invasive candidiasis

without promoting resistant Candida species in high-risk, preterm infants.

Study design We compared our previous dosing schedule (Group A) to a less frequent dosing schedule of twice a week

(Group B) of fluconazole prophylaxis for up to 6 weeks in a prospective, randomized, double-blind clinical trial in preterm

infants weighing <1000 grams at birth and with an endotracheal tube and/or central vascular catheter over a 24-month period.

Weekly surveillance cultures were obtained on study patients.

Results Candida colonization was documented in 5 (12%) of 41 Group A and in 4 (10%) of 40 Group B infants. Candida

sepsis developed in two (5%) of Group A and one (3%) of Group B infants (risk difference, 20.02; 95% confidence interval,

20.14-0.10; P = .68). All fungal isolates remained sensitive to fluconazole, and no drug side effects were documented.

Conclusions Twice weekly dosing of prophylactic fluconazole can decrease Candida colonization and invasive infection,

cost, and patient exposure in high-risk, preterm infants weighing <1000 grams at birth. We speculate that lower and less

frequent dosing may delay or prevent the emergence of antifungal resistance. (J Pediatr 2005;147:172-9)

W e previously demonstrated the prevention of fungemia using fluconazole prophylaxis in high-risk, preterm infants.1

Although all fungal isolates in the study remained sensitive to fluconazole, one concern with this prophylaxis
strategy is the emergence of azole resistance. Multiple factors are involved in fungal resistance, including the

intrinsic properties of the fungus, frequency of fluconazole exposure, length of treatment, and dosage.2-7 As the number of doses
and duration of fluconazole therapy increases, point mutations and overexpression of the ERG11 gene have been reported.3-4

Upregulation of the azole and fluconazole efflux pumps also may occur with increased and/or prolonged fluconazole exposure.2

In our previous study, we limited the total fluconazole dose and length of exposure
by administering a dose of 3 mg/kg for no longer than 42 days.5 Additionally, in some
patients, prophylaxis was discontinued before 6 weeks if intravenous access was no longer
required. The frequency of dosing in our previous study (every 72 hours during the first 2
weeks, every 48 hours for weeks 3 and 4, and every 24 hours thereafter for weeks 5 and 6)
was based on pharmacologic studies in preterm infants.8-9 For prophylaxis, a decreased
and simplified dosing schedule may be as effective. Less frequent dosing has been an
effective preventive strategy in other antifungal and antimicrobial prophylaxis studies,10,11

and in other clinical settings, one dose of fluconazole has provided persistent therapeutic
concentrations in mucosal secretions for more than 72 hours.12-15

The goal of this study is to examine the efficacy of twice weekly dosing on the
prevention of Candida colonization and invasive infection, and the development of adverse
drug events in high-risk, preterm infants weighing <1000 grams at birth. Because our
earlier study demonstrated significant efficacy, our Institutional Review Board recom-
mended against comparing twice weekly dosing with a placebo-control group. Therefore,
this prospective study compares our previously studied prophylactic schedule described
above with twice weekly dosing for a period of time not to exceed 6 weeks.

ALT Alanine aminotransferase
AST Aspartate aminotransferase

MIC Minimal inhibitory concentration
NICU Neonatal intensive care unit
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METHODS

Study Design

We conducted a prospective, randomized, double-blind
clinical trial to evaluate the efficacy of twice weekly intrave-
nous fluconazole prophylaxis to prevent Candida colonization
and invasive infection. Twice weekly fluconazole prophylaxis
was compared with the dosing schedule used in our previous
study (Table I). Invasive Candida infection was defined as
isolation of Candida species from the blood (venipuncture),
urine ($105 or more colony forming units/mL from sterile
bladder catheterization or suprapubic aspiration), and/or
cerebrospinal fluid. Clinical cultures were obtained by the
neonatologist based on the clinical status of the infant.16 All
infants with a birth weight <1000 grams and <5 days of age
admitted to our neonatal intensive care unit (NICU) were
eligible for enrollment. Inclusion criteria were the presence of
an endotracheal tube and/or central vascular catheter. Elevated
serum hepatic enzymes >250 IU/L for aspartate aminotrans-
ferase (AST) or alanine aminotransferase (ALT) was the only
exclusion criterion.

Using a computer-generated randomization table,
the pharmacy randomly assigned infants, in a 1:1 ratio to
Group A or Group B (Table I). Blinding of the groups was
performed accordingly. For Group A, fluconazole was admin-
istered according to Schedule A and placebo (normal saline)
was administered according to Schedule B. For Group B,
fluconazole was administered according to Schedule B and
placebo was administered according to Schedule A.

Data on the demographic and clinical characteristics
of the infants were collected prospectively during their
hospitalization and through review of the medical records.
Microbiology culture results were collected during all episodes
of fungal and bacterial infection of blood, urine, and cerebro-
spinal fluid during and after the 6-week treatment period.

Before enrollment, written informed consent was
obtained from each infant’s parent or guardian. The protocol
was approved by the Human Investigation Committee of the
University of Virginia. Investigators solicited research support
from Pfizer. The study sponsor was not involved in the study
design, collection of specimens, analysis or interpretation of
data, decision to publish, or preparation of the manuscript.

Drug Administration

Equal volumes of intravenous fluconazole and placebo
were administered for up to 6 weeks utilizing a fluconazole
dose of 3 mg/kg of body weight according to Schedule A and
B (Table I). The administration of the study drugs
(fluconazole and placebo) and the collection of surveillance
cultures were discontinued before the end of the 6-week
prophylaxis period if: (1) intravascular access was discontin-
ued, (2) antifungal therapy was initiated for the treatment of a
documented or presumed invasive fungal infection, (3) the
infant was discharged from the hospital or transferred to
another facility, or (4) the infant died. The study drug was not
discontinued if empiric antifungal therapy was administered
for #48 hours.
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Fungal Isolation and Identification

Fungal surveillance cultures of the skin (intertriginous,
and, if present, moist areas), gastrointestinal tract (stool or
rectum), and respiratory tract (tracheal secretions, if intubated,
and nasopharyngeal sample, if not intubated) were obtained by
two study personnel at study enrollment and then weekly
during the 6-week prophylaxis period. Umbilical swab cultures
also were performed at enrollment and week 1.

To determine if other neonates in the NICU who were
not receiving fluconazole prophylaxis would become colonized
and/or infected with azole-resistant fungi, we also evaluated
all clinical fungal isolates from NICU patients who were not
receiving the study drug during the 24-month study period.
Additionally, 6 months before the study completion surveil-
lance cultures of the skin, gastrointestinal tract, and respiratory
tract were obtained from all nonstudy patients in the NICU at
that time.

Stool and tracheal secretions were submitted in sterile
containers, and skin and rectal specimens were obtained by
swab (Culturette, Becton Dickinson Microbiology Systems,
Sparks, Md). Each specimen was inoculated onto Inhibitory
Mold Agar (Remel, Lenexa, Kan), and the plates were
incubated at 30�C and read for 4 weeks or until positive.

Speciation of fungal isolates was performed using
standard methods, an initial screen for germ-tube formation,
exoenzyme production (Candida albicans screen, Carr-
Scarborough Microbiologicals, Decatur, Ga), and a commer-
cial auxanographic method (API 20 C AUX, BioMérieux,
Hazelwood, Mo).17-19

Fluconazole-Susceptibility Testing

Each yeast isolate was tested for susceptibility
to fluconazole using a standardized microbroth dilution
assay as described by the National Committee of Clinical
Laboratory Standards document M27-A.20 We reported the
minimal inhibitory concentration (MIC) as the lowest con-
centration of drug resulting in a prominent decrease in growth
at 48 hours as compared with the control.

Side Effects and Patient Safety

Hepatic (AST, ALT, direct bilirubin, alkaline phos-
phatase), hematologic (white blood count and differential,
platelet count, hematocrit), and renal function (blood urea
nitrogen, creatinine) were screened weekly while study
infants were receiving the study drug. Infants were discon-
tinued from receiving the study drug if AST and ALT
levels were >250 IU/L.

Statistical Analysis

PRIMARY AND SECONDARY OUTCOMES. The primary efficacy
endpoints were the incidence of Candida colonization and
invasive infection during study drug administration. The
secondary outcomes were bacterial infection of blood, urine, or
cerebrospinal fluid; patent ductus arteriosus ligation; threshold
retinopathy of prematurity requiring laser ablation; periven-
tricular leukomalacia; and mortality.
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SAMPLE SIZE SELECTION. This study was powered a priori
with regard to the comparison of the risk of fungal coloni-
zation between Groups A and B. With a total sample size of
82 infants, 41 randomized to each of the two interventions,
this study was designed to have at least an 80% chance of
rejecting the null hypothesis of equal risk of fungal coloniza-
tion if the true risk or probability differed by a value of at least
0.29 between the two study populations.

The power analysis was conducted under the assumption
that the type-1 error rate of the statistical test for comparing
the risk of colonization between the two study populations
would be #0.05, and also under the assumption that the true
probability of experiencing fungal colonization during the
intervention period would be 0.22 for Group A (an estimate of
the risk that we derived from data from our previous study
using the same dosing schedule). We further assumed as a
one-sided alternative hypothesis that the infants who received
the twice weekly dosing of fluconazole (Group B), which
would be a lower total dose of fluconazole than administered
to Group A, would be at greater risk of experiencing fungal
colonization during the intervention.

STATISTICAL METHODS. The cumulative incidence data of
primary and secondary outcomes during study drug adminis-
tration within Groups A and B were analyzed by the exact
methods of Agresti andMin.21 For each outcome variable, the
frequency data were analyzed as binomial random variables,
and risk differences were evaluated using a two-sided binomial
exact-test.22 The same method was used to compare the
frequency data of Groups A and B with that of the placebo
group from our previous study. The exact-tests and the 95%

Table I. Study dosing regimens

Schedule A
Day of Study* Dosing
1-14 every 72 hours (Day 1, 4, 7, 10, 13)
15-28 every 48 hours (Day 15, 17, 19, 21,

23, 25, 27)
29-42 every 24 hours

Schedule B
Day of Study* Dosing
1-42 Twice a week (Day 1, 4, 8, 11, 15, 18,

22, 25, 29, 32, 36, 39)

Group Ay

Study Drug Dosing
Fluconazole prophylaxis Schedule A
Placebo (saline) Schedule B

Group By

Study Drug Dosing
Fluconazole prophylaxis Schedule B
Placebo (saline) Schedule A

*Day of enrollment is Day of Study 1.
yThis was a blinded study in which the pharmacy prepared two study drugs
(fluconazole and placebo) for each patient.
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confidence intervals were computed with StatXact 5.0 (Cytel
Software Corporation, Cambridge, Mass).

RESULTS

Study Participants

Forty-one infants were randomized to Group A and
40 infants were randomized to Group B over the 24-month
period between July 23, 2001, and July 4, 2003. Infants were
born during the study period at our institution or transferred
from another facility. Ninety-eight patients were born
weighing <1000 grams. Nine of these patients did not require
a central vascular catheter or endotracheal tube and thus were
ineligible for study enrollment. A total of 89 infants met
enrollment criteria during the study period. Four patients died
before consent being obtained; for two infants consent was not
obtained during the first 5 days of life; for one infant there was
no parent or guardian available for informed consent; and for
one, an interpreter was not available to obtain informed
consent. Group B had 40 patients because one patient was
randomized to this group twice but did receive the correct drug
dosing and was analyzed only one time.

Enrollment demographics and risk factors for fungal
infection between the two study groups are listed in Table II.
There were more outborn patients in Group A and more focal
intestinal perforations in Group B patients. There were no
other significant differences between the study groups. All
infants were placed in a humidified isolette for skin care
during the first 7 days of life. Topical petrolatum ointment
(Aquaphor�, Beiersdorf, Norwalk, CT) was used to decrease
insensible water loss during the first week of life until June
2003, and then only used in two patients in each group
thereafter if there was significant skin breakdown until the
skin area healed.

At baseline, two (5%) Group A and two (5%) in
Group B infants were colonized (risk difference, 0.001;
95% confidence interval,20.12-0.14; P = 1.00). These infants
with baseline fungal colonization were enrolled later than
those who were not colonized at enrollment (day of life 3 ± 0.8
vs 1.6 ± 1.4; P = .04).

The mean (±SD) length of study drug administration
and surveillance cultures for all study participants was 4.4
(± 2.2) weeks (Group A, 4.4 ± 2.2 vs Group B, 4.3 ± 2.2 weeks;
P = .87), and patients were followed for a mean of 11.5 (± 6.7)
weeks (Group A, 10.5 ± 6.1 vs Group B, 12.3 ± 7.1 weeks,
P = .26). There were 774 fluconazole doses administered to
Group A and 332 to Group B. For one patient in Group B, the
initial dose of fluconazole was missed, and the first dose was
given on Study Day 4. This patient subsequently developed
fungal colonization and sepsis. On six other occasions, one
fluconazole dose was missed; on two occasions, one flucona-
zole dose was given a day early; and on one occasion, for one
patient in each group, surveillance cultures were missed. One
patient in Group A and two patients in Group B received
empiric antifungal therapy with amphotericin B for 48 hours,
and none of these patients had isolation of fungus from clinical
cultures during their hospitalizations.
The Journal of Pediatrics � August 2005



Table II. Patient demographic data, risk factors, and secondary outcomes*

Group A [N = 41 (%)] Group B [N = 40 (%)] P Value

STUDY POPULATION
Birth weight (grams) 691 ± 122 704 ± 164 0.67
Gestational age (weeks) 24.9 ± 1.6 25.8 ± 2.2 0.07
Male 24 (59) 22 (55) 0.81
Maternal nonwhite race 10 (24) 11 (28) 0.81
Maternal Hispanic or Latino ethnicity 3 (7) 1 (3) 0.40
Antenatal steroids 27 (66) 32 (80) 0.24
Antenatal antibiotics 22 (54) 27 (68) 0.22
ROM $24 hours 3 (7) 7 (18) 0.22
Born outside study hospital 18 (44) 8 (20) 0.03
Vaginal delivery 16 (39) 18 (45) 0.65
Apgar score
1 minute 3 ± 2 4 ± 2 0.45
5 minute 6 ± 2 5 ± 2 0.32

Age at enrollment (days) 1.9 ± 1.4 1.4 ± 1.3 0.09
RISK FACTORSy

Management Choicesy

Parenteral Nutrition 39 (95) 37 (93) 0.70
Granulocyte-colony stimulating factor 1 (2) 5 (13) 0.10
Corticosteroid 25 (61) 19 (48) 0.27
Exposure (days)y 5 (1-28) 3.5 (1-41) 0.73

Topical Petrolatum Ointment 20 (49) 12 (30) 0.10
Antimicrobial
Ampicillin, Gentamicin 38 (93) 37 (95) 1.00
Nafcillin 21 (51) 20 (50) 0.93
Vancomycin 21 (51) 18 (45) 0.60
Metronidazole 2 (5) 7 (18) 0.08
Third-generation Cephalosporin 22 (54) 18 (45) 0.46
Exposure (days)y 8 (1-17) 5 (1-16) 0.71

Vascular Access (no.)
Umbilical Catheters 40 (98) 39 (98) 1.00
Central Venous Catheter 38 (93) 36 (90) 0.93
Peripheral Arterial Catheter 14 (34) 14 (35) 1.00
Endotracheal Intubation 40 (100) 38 (95) 0.60
Necrotizing Enterocolitisy 4 (10) 3 (8) 0.80
Focal Intestinal Perforationy 0 (0) 4 (10) 0.04
Abdominal Surgeryy 2 (5) 6 (15) 0.13
Major Surgeryyz 10 (24) 15 (38) 0.24
SERUM HEPATIC ENZYMES AFTER PROPHYLAXIS
Aspartate aminotransferase (mean peak, IU/L) 23 (11-114) 23 (9-133) 0.26
Alanine aminotransferase (mean peak, IU/L) 8 (3-30) 10 (5-175) 0.09
SECONDARY OUTCOMESz

Bacterial septicemiay 12 (29) 12 (30) 1.00
Patent ductus arteriosus ligationy 8 (20) 8 (20) 1.00
Threshold Retinopathy of Prematurity§ 15 (37) 19 (48) 0.35
Periventricular Leukomalacia§ 7 (17) 5 (13) 0.60
Mortality§ 6 (15) 6 (15) 1.00

*Plus-minus values are mean ± SD. Median (range). ROM denotes rupture of membranes. Granulocyte-colony stimulating factor given for neutropenia
(<500/mm3). All maternal testing for human immunodeficiency virus was negative in both groups.
yDuring 6-week treatment period.
zFocal intestinal perforation: isolated perforation without the presence of pneumatosis. Major surgery: patent ductus arteriosis ligation, abdominal surgery,
or ventricular-peritoneal shunt placement. Threshold retinopathy of prematurity requiring laser ablation; periventricular leukomalacia detected by
ultrasonography.
§During entire hospitalization.
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Fungal Colonization

Fungal colonization at one or more sites during the
6-week treatment period was present in five (12%) Group A
and four (10%) Group B patients (risk difference 0.02; 95%
confidence interval, 20.18-0.14; P = .83) (Figure 1). Fungal
colonization at multiple sites (two or more sites) occurred in
one (2%) Group A and one (3%) Group B infant (P = 1.00).
Skin and gastrointestinal tract were the most common sites
of fungal colonization in both groups, whereas respiratory and
umbilical fungal colonization occurred in one patient in
each group during the study period. Application of topical
petrolatum ointment was not more common in colonized
compared with noncolonized infants. After the second week,
only C parapsilosis skin colonization occurred in one infant in
each group. There was no Candida colonization after the
fourth week of the prophylaxis period in either group.

Invasive Fungal Infection

Fungal bloodstream infection occurred in two (5%)
Group A and one (2.5%) Group B patients (risk difference,
0.02; 95% confidence interval, 20.14-0.10; P = .68) (Figure 2
available online only at www.us.elsevierhealth.com/jpeds). None
of the infants with systemic fungal infection died. The three
cases of fungemia were due to C albicans (1), C parapsilosis (1),
and C glabrata (1) and occurred on day of life 13, 19, and 19,
respectively. In the infant with C albicans fungemia, an atrial
thrombus was documented by ultrasonography 2 days before
the documented fungemia. Severe fungal dermatitis preceded
C parapsilosis fungemia in the second patient. C glabrata was
isolated from both the blood and urine simultaneously with an
intestinal perforation in the third patient. There were no
episodes of fungal meningitis. These infections were not
clustered temporally during this study period. Systemic fungal
infection was treated in all cases with intravenous amphoter-
icin B and central venous catheter removal. After the 6-week
prophylaxis period, the infant who had developed invasive
infection with C glabrata developed a C glabrata urinary tract

Figure 1. Candida colonization during the 6-week period of
prophylaxis in groups A (N = 41) and B (N = 40). There is no
significant difference between study groups. Available in color online
at www.us.elsevierhealth.com/jpeds.
176 Kaufman et al
infection on day of life 102. In one Group B patient,
Malassezia furfurwas isolated from a blood culture drawn from
a central venous catheter, but no fungus was detected from any
peripheral blood cultures, and the infant was treated and
survived to discharge.

All three infants with invasive fungal infection had
fungal colonization documented at study enrollment or during
the prophylaxis period. Fungal colonization was identified at
baseline in one infected patient and at two or more sites in the
other two infected patients. Patients with any prior fungal
colonization (risk difference, 0.88; 95% confidence interval,
0.01-0.96; P = .01) and colonization at two or more sites
(risk difference, 0.66; 95% confidence interval, 0.09-0.99;
P <.001) were more likely to develop invasive fungal infection.
Colonization with a specific fungal species or at a specific site
was not associated with an increased risk for invasive fungal
infection.

Minimal Inhibitory Concentration

STUDY INFANTS. Fungal isolates from study infants did not
demonstrate the development of fluconazole resistance.
Sensitivity to fluconazole measured by MIC did not change
significantly for patients in either group during the 6-week
prophylaxis period or over the 24-month study period (Table
III). The MIC values of the three blood isolates, C albicans
(0.125 mg/mL), C parapsilosis (2.0 mg/mL), and C glabrata
(8 mg/mL) were not significantly different from the MIC
values of the surveillance isolates of infants who did not
develop invasive infection.

NONSTUDY NICU INFANTS. Surveillance cultures were ob-
tained 6 months before the study completion from 14
nonstudy infants in our NICU. Three (21%) of the 14 infants
demonstrated fungal colonization, and all isolates were
sensitive to fluconazole. Two infants had colonization with
C albicans (MIC 0.25-0.5 mg/mL), and one infant was
colonized with C parapsilosis (MIC 1.0 mg/mL). In addition,

Table III. MIC of Candida isolates from study infants
during 24-month study period*

Species
Candida
albicans C parapsilosis

Study infants (N = 81)
Number of surveillance isolates 4 11
MIC (mg/mL)
Group A (no.) 0.125-0.50 (2) 0.5-4.0 (8)
Group B (no.) 0.125-0.25 (2) 0.5 (3)

1st12 months of study (no.) 0.125-0.50 (3) 0.5-2.0 (4)
Final 12 months of study (no.) 0.125 (1) 0.5-4.0 (7)

Nonstudy infants (N = 14)
Number of surveillance isolates 2 1
MIC (mg/mL) 0.25-0.50 1.0

*Fungal isolates obtained from 571 surveillance cultures in group A and 515
in group B during the prophylaxis period.
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Candida bloodstream infection occurred in five nonstudy
infants who did not meet enrollment criteria during the
24-month study period. All C albicans bloodstream isolates
from two infants (MIC 0.125-0.25 mg/mL) and C parapsilosis
bloodstream isolates from three infants (MIC 0.5-1.0 mg/mL)
were sensitive to fluconazole.

Secondary Outcomes

The frequencies of the secondary outcomes are de-
scribed in Table II. There was no significant difference in
morbidity or mortality between the groups (six deaths in each
group, P = 1.00). Bacteremia was documented in 12 (29%)
Group A and 12 (30%) Group B infants.

Adverse Events

No adverse effects of the fluconazole therapy were
documented, and no patient was withdrawn from the study.
There was no measurable adverse effect of fluconazole therapy
on hepatic, renal, or hematologic function (Table II). Serum
aminotransferases were elevated (>2 SD above the mean) in
two patients in Group A (range of peak, 65-114 IU/L) and
four patients in Group B (range of peak, 73-175 IU/L) during
the prophylaxis period. No patient was withdrawn from the
study because of elevated serum hepatic enzymes or bilirubin,
and levels returned to normal values in all patients who
survived to discharge.

DISCUSSION
This pilot study demonstrates that twice weekly dosing

of fluconazole prophylaxis is similar in efficacy compared with
the more frequent dosing of our earlier study in high-risk,
preterm infants. The incidence of Candida colonization and
invasive infection was similar for both regimens, and neither
was associated with the emergence of resistant Candida or
other fungal species. Twice weekly dosing, when compared
with our previous study regimen, reduces the total number of
fluconazole doses per patient from 26 to 12 doses in the
highest-risk infants who require prophylaxis for 6 weeks. The
reduced number of fluconazole doses decreases cost and
lessens exposure to fluconazole.

In both our study periods covering 54 noncontinuous
months, fungal resistance was not detected in our NICU.
Recently, fungal resistance has been reported in a preterm
animal intensive care unit.22 As part of studies of chronic
lung disease in animals, preterm baboons were intubated, had
instrumentation with central vascular catheters, and received
antibiotics and parenteral nutrition. Fungemia frequently
occurred in these preterm animals with a high mortality rate.
This prompted investigators to administer intravenous
fluconazole prophylaxis using treatment doses of 6 mg/kg.
After 43 months of prophylaxis, an outbreak of fungemia with
resistant C parapsilosis isolates occurred in the same month.22

Factors that may have lead to resistance include the higher
fluconazole dose, continuous prophylaxis of all animals in the
small intensive care unit, and infection control practices.
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The duration of prophylaxis in our studies of up to 6
weeks was chosen based on the time period when the majority
of neonatal fungal infections occur and the evidence that
fungal infection after 6 weeks of life is associated with lower
mortality.1,23,24 We also discontinued prophylaxis earlier if
intravenous access was no longer required, therefore, exposure
was restricted to the period of extreme prematurity and that
period when the additional risk factors for fungemia were
present (eg, use of central vascular catheter, parenteral
nutrition, broad-spectrum antibiotics).25-27 We speculate
that lower fluconazole doses and selecting only those infants
at highest risk for invasive fungal infection may delay or
prevent the emergence of resistance.

A limitation of this study is the sample size and power.
Based on the low incidence of candidemia in patients receiving
fluconazole prophylaxis, the number of patients needed to
demonstrate equivalence between these two groups would be
2140. Three infants developed fungemia despite fluconazole
prophylaxis. For one patient, this may have been the result of
missing the initial dose of antifungal prophylaxis. No adverse
patient effects or fungal resistance have been demonstrated in
this, our previous study,1 and another prophylaxis study that
included larger infants,28 but the number of patients studied
is insufficient to detect adverse effects that may occur very
infrequently. For example, cisapride, which is no longer
marketed in the United States, would be contraindicated with
fluconazole because of an association with arrhythmia.

Figure 3. Efficacy of fluconazole prophylaxis in high-risk, preterm
infants <1000 grams at birth. The incidence of Candida colonization
and bloodstream infection of the placebo-treated group (P) in our
previous study1 was compared with the different fluconazole
prophylaxis dosing schedules as well as all patients who received
fluconazole prophylaxis in both studies. From left to right, the
placebo-treated group (P) was compared with: (1) patients who
received Schedule A (A) dosing of fluconazole (the dosing in the
fluconazole group from our previous study and Group A in this
study); (2) Schedule B or twice a week dosing, which was Group B in
this study (B); and (3) all patients who received fluconazole
prophylaxis in both studies (F). Placebo-treated patients were more
likely to develop Candida colonization and bloodstream infection
compared with each dosing schedule and all fluconazole-treated
patients.
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We have analyzed the results of this study and compared
them with the results of our previous study1 and its placebo-
treated group (Figure 3). In both studies, high-risk, preterm
infants weighing <1000 grams at birth who had an endotra-
cheal tube and/or central vascular catheter were enrolled.
Seventy-five percent of these high-risk infants were #26
weeks gestation at birth. The incidence of fungemia in the
patients who received twice a week dosing (1 of 40) was lower
compared with the placebo-treated patients (8 of 50) (risk
difference 0.14; 95% confidence interval, 0.01, 0.27; P = .04).
Fungemia also was lower in all the patients who received
fluconazole dosing according to Schedule A (fluconazole-
treated patients in our previous study and Group A in this
study) (3 of 91) compared with the placebo-treated patients (8
of 50) (risk difference 0.14; 95% confidence interval, 0.05-
0.27; P = .002). Overall, candidemia occurred in 2.3% (3 of
131) of all patients receiving fluconazole prophylaxis in both
studies compared with 16% (8 of 50) of patients receiving
placebo (risk difference 0.14; 95% confidence interval, 0.05,
0.22; P <.001).

Most preterm infants are not colonized at birth, and
thus there is a unique opportunity in this high-risk patient
population to either prevent or limit fungal colonization and
subsequent invasive infection by using prophylactic therapy
soon after birth. Infants who were colonized at baseline were
enrolled later, which may imply a possible benefit of initiating
prophylaxis on the first day of life. Because of the high
mortality rate (up to 40%) associated with fungemia in these
high-risk, extremely low birth weight infants,1,23,27 antifungal
prophylaxis offers the potential to improve outcomes and
decrease mortality.29 Further study is needed utilizing a much
larger study cohort to evaluate the effect of fluconazole
prophylaxis on mortality. In addition, a multicenter clinical
trial would yield more data on efficacy, safety, and azole
resistance. In conclusion, twice weekly dosing of fluconazole
prophylaxis can decrease Candida colonization and invasive
infection, cost, and drug exposure in high-risk, preterm
infants.

REFERENCES
1. Kaufman D, Boyle R, Hazen KC, Patrie JT, Robinson M, Donowitz

LG. Fluconazole prophylaxis against fungal colonization and infection in

preterm infants. N Engl J Med 2001;345:1660-6.

2. White TC. Increased mRNA levels of ERG16, CDR, and MDR1

correlate with increases in azole resistance in Candida albicans isolates from

a patient infected with human immunodeficiency virus. Antimicrob Agents

Chemother 1997;41:1482-7.

3. WhiteTC.The presence of anR467K amino acid substitution and loss of

allelic variation correlate with an azole-resistant lanosterol 14alpha demeth-

ylase in Candida albicans. Antimicrob Agents Chemother 1997;41:1488-94.

4. White TC, Pfaller MA, Rinaldi MG, Smith J, Redding SW. Stable

azole drug resistance associated with a substrain of Candida albicans from an

HIV-infected patient. Oral Dis 1997;3(suppl 1):S102-9.

5. Million L,Manteaux A, Reboux G, Drobacheff C, MonodM, Barale T,

et al. Fluconazole-resistant recurrent oral candidiasis in human immunode-

ficiency virus-positive patients: persistence of Candida albicans strains with the

same genotype. J Clin Microbiol 1994;32:1115-8.

6. Balkis MM, Leidich SD,Mukherjee PK, GhannoumMA.Mechanisms

of fungal resistance: an overview. Drugs 2002;62:1025-40.
178 Kaufman et al
7. White TC, Marr KA, Bowden RA. Clinical, cellular, and molecular

factors that contribute to antifungal drug resistance. ClinMicrobiol Rev 1998;

11:382-402.

8. Saxen H, Hoppu K, Pohjavuori M. Pharmacokinetics of fluconazole in

very low birth weight infants during the first two weeks of life. Clin Pharmacol

Ther 1993;54:269-77.

9. Brammer KW, Coates PE. Pharmacokinetics of fluconazole in pediatric

patients. Eur J Clin Microbiol Infect Dis 1994;13:325-9.

10. Sobel JD, Wiesenfeld HC, Martens M, Danna P, Hooton TM,

Rompalo A, et al. Maintenance fluconazole therapy for recurrent vulvovaginal

candidiasis. N Engl J Med 2004;351:876-83.

11. Hughes WT, Rivera GK, Schell MJ, Thornton D, Lott L. Successful

intermittent chemoprophylaxis for Pneumocystis carinii pneumonitis. N Engl

J Med 1987;316:1627-32.

12. Houang ET, Chappatte O, Byrne D, Macrae PV, Thorpe JE.

Fluconazole levels in plasma and vaginal secretions of patients after a 150-

milligram single oral dose and rate of eradication of infection in vaginal

candidiasis. Antimicrob Agents Chemother 1990;34:909-10.

13. Vaden SL, Heit MC, Hawkins EC, Manaugh C, Riviere JE.

Fluconazole in cats: pharmacokinetics following intravenous and oral

administration and penetration into cerebrospinal fluid, aqueous humour

and pulmonary epithelial lining fluid. J Vet Pharmacol Ther 1997;20:

181-6.

14. Schuman P, Capps L, PengG, Vazquez J, el SadrW,Goldman AI, et al.

Weekly fluconazole for the prevention of mucosal candidiasis in women with

HIV infection: a randomized, double-blind, placebo-controlled trial. Terry

Beirn Community Programs for Clinical Research on AIDS. Ann InternMed

1997;126:689-96.

15. Saxen H, Virtanen M, Carlson P, Hoppu K, Pohjavuori M, Vaara M,

et al. Neonatal Candida parapsilosis outbreak with a high case fatality rate.

Pediatr Infect Dis J 1995;14:776-81.

16. Fanaroff AA, Korones SB, Wright LL, Verter J, Poland RL, Bauer CR,

et al. Incidence, presenting features, risk factors and significance of late onset

septicemia in very low birth weight infants. The National Institute of Child

Health and Human Development Neonatal Research Network. Pediatr Infect

Dis J 1998;17:593-8.

17. Spicer AD, Hazen KC. Rapid confirmation of Candida Albicans

identification by combination of two presumptive tests. Med Microbiol

1992;1:284-9. Letter.

18. Hazen KC, Baron EJ, Colombo AL, Girmenia C, Sanchez-Sousa A,

del Palacio A, et al. Comparison of the susceptibilities of Candida spp. to

fluconazole and voriconazole in a 4-year global evaluation using disk diffusion.

J Clin Microbiol 2003;41:5623-32.

19. Hazen KC, Howell SA. Candida, Cryptococcus and other yeasts of

importance. In: Murray PR, Baron EJ, Jorgensen JH, Pfaller MA,

Yolken RH, eds. Manual of Clinical Microbiology. 8th ed. Washington,

D.C.: ASM Press; 2003:1693-711.

20. National Committee of Clinical Laboratory Standards. Reference

method for broth dilution antifungal susceptibility testing of yeats; approved

standard. NCCLS document M27-A ed. 1997.

21. Agresti A, Min Y. On small-sample confidence intervals for parameters

in discrete distributions. Biometrics 2001;57:963-71.

22. Yoder BA, Sutton DA, Winter V, Coalson JJ. Resistant Candida

parapsilosis associated with long term fluconazole prophylaxis in an animal

model. Pediatr Infect Dis J 2004;23:687-8.

23. Stoll BJ, Hansen N, Fanaroff AA, Wright LL, Carlo WA, Ehrenkranz

RA, et al. Late-onset sepsis in very low birth weight neonates: the experience

of the NICHD Neonatal Research Network. Pediatrics 2002;110(2 pt 1):

285-91.

24. Kossoff EH, Buescher ES, Karlowicz MG. Candidemia in a neonatal

intensive care unit: trends during fifteen years and clinical features of 111

cases. Pediatr Infect Dis J 1998;17:504-8.

25. Benjamin DK Jr, DeLong ER, Steinbach WJ, Cotton CM, Walsh TJ,

Clark RH. Empirical therapy for neonatal candidemia in very low birth weight

infants. Pediatrics 2003;112(3 pt 1):543-7.

26. Saiman L, Ludington E, Pfaller M, Rangel-Frausto S, Wiblin RT,

Dawson J, et al. Risk factors for candidemia in Neonatal Intensive Care Unit
The Journal of Pediatrics � August 2005



patients. The National Epidemiology of Mycosis Survey study group. Pediatr

Infect Dis J 2000;19:319-24.

27. Makhoul IR, Sujov P, Smolkin T, Lusky A, Reichman B. Epidemi-

ological, clinical, and microbiological characteristics of late-onset sepsis

among very low birth weight infants in Israel: a national survey. Pediatrics

2002;109:34-9.
Twice Weekly Fluconazole Prophylaxis For Prevention Of Invasive
Candida Infection In High-Risk Infants Of ,1000 Grams Birth Weight
28. 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;107:293-8.

29. McGuireW, Clerihew L, Austin N. Prophylactic intravenous antifungal

agents to prevent mortality and morbidity in very low birth weight infants.

The Cochrane Database of Systemic reviews 2004;1:CD003850.
179


	TWICE WEEKLY FLUCONAZOLE PROPHYLAXIS FOR PREVENTION OF INVASIVE CANDIDA INFECTION IN HIGH-RISK INFANTS OF <1000 GRAMS BIRTH
	Methods
	Study Design
	Drug Administration
	Fungal Isolation and Identification
	Fluconazole-Susceptibility Testing
	Side Effects and Patient Safety
	Statistical Analysis
	Primary and secondary outcomes
	Sample size selection
	Statistical methods


	Results
	Study Participants
	Fungal Colonization
	Invasive Fungal Infection
	Minimal Inhibitory Concentration
	Study infants
	Nonstudy NICU infants

	Secondary Outcomes
	Adverse Events

	Discussion
	References


