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BSTRACT

 

Background

 

Invasive fungal infection is associat-
ed with substantial morbidity and mortality in pre-
term infants. We evaluated the efficacy of prophylac-
tic fluconazole in preventing fungal colonization and
invasive infection in extremely-low-birth-weight in-
fants.

 

Methods

 

We conducted a prospective, randomized,
double-blind clinical trial over a 30-month period in
100 preterm infants with birth weights of less than
1000 g. The infants were randomly assigned during
the first five days of life to receive either intravenous
fluconazole or placebo for six weeks. We obtained
weekly surveillance cultures from all patients.

 

Results

 

The 50 infants randomly assigned to flu-
conazole and the 50 control infants were similar in
terms of birth weight, gestational age at birth, and
base-line risk factors for fungal infection. During the
six-week treatment period, fungal colonization was
documented in 30 infants in the placebo group (60
percent) and 11 infants in the fluconazole group (22
percent; difference in risk, 0.38; 95 percent confidence
interval, 0.18 to 0.56; P=0.002). Invasive fungal infec-
tion with positive growth of fungal isolates from the
blood, urine, or cerebrospinal fluid developed in 10
infants in the placebo group (20 percent) and none
of the infants in the fluconazole group (difference in
risk, 0.20; 95 percent confidence interval, 0.04 to 0.36;
P=0.008). The sensitivities of the fungal isolates to
fluconazole did not change during the study, and no
adverse effects of the fluconazole therapy were doc-
umented.

 

Conclusions

 

Prophylactic administration of flucon-
azole during the first six weeks of life is effective in
preventing fungal colonization and invasive fungal
infection in infants with birth weights of less than
1000 g. (N Engl J Med 2001;345:1660-6.)
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ESPITE aggressive antifungal treatment of
invasive candida infection, systemic fungal
disease is increasing in prevalence and leads
to high rates of illness and death among

preterm infants.

 

1,2

 

 Candida species rapidly colonize
the skin and mucous membranes of about 60 percent
of critically ill neonates and can progress to invasive
infection.

 

2,3

 

 Fungal infection accounts for 9 percent
of cases of late-onset sepsis in infants who weigh less
than 1500 g and is associated with a mortality rate of
28 percent, as compared with 7 percent among infants
in whom no infection develops.

 

1

 

 Critically ill neonates
are at an increased risk for infection because of their
developmentally immature immune systems, the in-

D

 

creased permeability of their skin and mucosal barri-
ers, and the long-term need for central vascular access,
parenteral nutrition, broad-spectrum antibiotics, post-
natal steroids, and mechanical ventilation.

 

2,4,5

 

 This
high-risk population could benefit greatly from ef-
fective prophylactic measures.

Reducing fungal colonization may prevent the de-
velopment of invasive fungal infection in preterm in-
fants.

 

6

 

 Antifungal prophylaxis with fluconazole has
been successful in reducing fungal colonization and
infection in patients who are undergoing bone marrow
or solid-organ transplantation, those with leukemia or
human immunodeficiency virus infection, and those
who are receiving radiation and chemotherapy.

 

7-12

 

 The
efficacy of prophylaxis in these immunocompromised
groups suggests that fluconazole may also be effec-
tive in preventing invasive fungal disease in preterm
infants. However, a major concern regarding the pro-
phylactic use of antifungal agents is the emergence of
resistance. In the United States, national surveillance
of bloodstream infections attributable to candida spe-
cies demonstrated a relatively constant level of sus-
ceptibility of all candida species to fluconazole during
a seven-year period from 1992 through 1998,

 

13

 

 but
several other studies have demonstrated some resist-
ance to fluconazole.

 

14-18

 

 Our goal in this study was
to evaluate the safety and effectiveness of fluconazole
in preventing fungal colonization and invasive infec-
tion in extremely-low-birth-weight infants, while main-
taining surveillance for fluconazole resistance.

 

METHODS

 

Study Design

 

We conducted a prospective, randomized, double-blind clinical
trial to evaluate the efficacy of fluconazole prophylaxis in 100 pre-
term infants. All infants admitted to our neonatal intensive care
unit were eligible for the study, whether they had been born at our
institution or transferred from another facility, if they had a birth
weight of less than 1000 g and were less than five days old. The
presence of liver failure was the only criterion for exclusion. Before
enrollment, written informed consent was obtained from each in-
fant’s parent or guardian. The protocol was approved by the human
investigations committee of the University of Virginia. Pfizer, which
supported the study with a grant, was not involved in the study de-
sign; the collection, analysis, or interpretation of the data; or the
preparation of the manuscript. The company had no control over
the decision to publish this report.
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Using a computer-generated randomization table, the pharmacy
randomly assigned infants, in a 1:1 ratio, to receive either flucon-
azole or placebo for six weeks. Six weeks was chosen as the dura-
tion of therapy on the basis of unpublished data from our neonatal
intensive care unit demonstrating that approximately 85 percent
of invasive fungal infections in preterm infants weighing less than
1000 g occurred during the first six weeks of life.

Data on the demographic and clinical characteristics of the in-
fants were prospectively collected during their hospitalization and
through review of their medical records. Microbiologic-culture re-
sults were collected during all episodes of fungal and bacterial in-
fection of blood, urine, and cerebrospinal fluid during and after the
six-week treatment period.

 

Drug Administration

 

Fluconazole was administered intravenously for six weeks at a
dose of 3 mg per kilogram of body weight every third day for the
first two weeks, every other day during the third and fourth weeks,
and daily during the fifth and sixth weeks. Infants in the placebo
group were given an equal volume of normal saline on the same
schedule. This schedule of fluconazole dosing was based on data
from pharmacokinetic studies involving preterm infants.

 

19,20

 

 The
administration of the study drug (fluconazole or placebo) and the
obtaining of surveillance cultures were discontinued before the end
of the six-week treatment period if intravenous access was discon-
tinued, if antifungal therapy was initiated for the treatment of a
documented or presumed systemic fungal infection, if the infant
was discharged from the hospital or transferred to another facility,
or if the infant died.

 

Fungal Isolation and Identification

 

Fungal surveillance cultures of the nasopharynx (tracheal secre-
tions if the infant was intubated and nasopharyngeal sample if the
infant was not intubated), skin (groin), and stool or rectum were
obtained, by two clinical nurses associated with the study, at base
line and then weekly during the six-week study period on the day
of the week of the patient’s enrollment. Cultures of the umbilicus
were also performed at base line and at one week.

Cultures were also obtained when they were considered by neo-
natal care physicians to be clinically indicated. Invasive fungal in-
fection was defined by a positive culture of blood, urine, or cere-
brospinal fluid. Stool and tracheal secretions were submitted in
sterile containers, and skin specimens were obtained on swabs (Cul-
turette, Becton Dickinson Microbiology Systems, Sparks, Md.).
Each specimen was inoculated onto Inhibitory Mold Agar (Remel,
Lenexa, Kans.), and the plates were incubated and examined for
four weeks at 30°C unless yeast growth occurred within two weeks.

Speciation of fungal isolates was performed according to stand-
ard methods, including an initial screening for germ-tube forma-
tion and exoenzyme production (

 

Candida albicans

 

 screen, Carr–
Scarborough Microbiologicals, Decatur, Ga.) and a commercial
auxanographic method (API 20 C AUX, BioMérieux, Hazelwood,
Mo.).

 

21,22

 

Fluconazole-Susceptibility Testing

 

Each yeast isolate was tested for susceptibility to fluconazole by
means of a standardized microbroth dilution assay, as described by
the National Committee of Clinical Laboratory Standards.

 

23

 

 We re-
port the minimal inhibitory concentration (MIC) — the lowest
concentration of drug resulting in a prominent decrease in growth
at 48 hours as compared with the control.

 

Statistical Analysis

 

The primary efficacy end point was the incidence of invasive
fungal infection during the administration of the study drug. The
secondary outcomes were fungal colonization; bacterial infection
of blood, urine, or cerebrospinal fluid; isolated intestinal perfora-
tion in the absence of pneumatosis; necrotizing enterocolitis; li-
gation of patent ductus arteriosus; threshold retinopathy of pre-

maturity requiring laser ablation; and abnormal findings on cranial
ultrasonography, defined as grade 3 or 4 intraventricular hemor-
rhage or periventricular leukomalacia during hospitalization. Liver-
function tests measuring aspartate aminotransferase, alanine ami-
notransferase, direct bilirubin, and alkaline phosphatase were
performed at base line and at the end of the administration of the
study drug.

The sample size of 100 infants was based on the assumption
that the study would have a two-sided type I error rate of 0.05 or
less and at least 90 percent power to detect an absolute difference
of 75 percent in the cumulative incidence of invasive fungal infec-
tion between the placebo group and the fluconazole group after
six weeks of treatment, given a pretrial incidence of invasive fun-
gal infection of 30 percent.

 

24

 

The contingency data pertaining to the cumulative incidence of
the primary and secondary outcomes during the administration of
the study drug in the placebo group and the fluconazole group were
analyzed by exact tests for nonparametric variables. The hypothesis
tests were based on the nonparametric unconditional exact test de-
scribed by Mehta and Patel,

 

25

 

 and all tests were two-sided. The cor-
responding two-sided 95 percent confidence intervals for the dif-
ferences in risk were constructed according to the Berger–Boos

 

26

 

modification of the exact method described by Santner and Snell.

 

27

 

The weekly incidence of infection in the placebo group was an-
alyzed by the generalized-estimating-equation approach.

 

28

 

 The
covariates used in the model included the presence or absence of
fungal colonization each week, the week of the screening, the num-
ber of sites that were colonized, and the presence or absence of
fungal colonization at base line.

The presence or absence of invasive infection each week was
modeled by means of a generalized linear model with a logit-link
function. The parameters of the model were estimated on the ba-
sis of maximum-likelihood criteria, and an exchangeable correlation
structure was used to model the correlations between the findings
for the same infant at different times. Hypothesis tests and 95 per-
cent confidence intervals were all two-sided and were based on
the Wald normal approximation.

All the statistical computations were performed with the use of
SAS software (version 8.1, SAS Institute, Cary, N.C.). Proc-StatXact
for SAS users, a version of the StatXact-4 software package (Cytel,
Cambridge, Mass.), was used to compute the nonparametric exact
tests and the nonparametric exact 95 percent confidence intervals,
and the SAS Proc Genmod procedure was used to perform the
generalized estimating-equation analysis.

 

RESULTS

 

Study Participants

 

Fifty infants were randomly assigned to the place-
bo group and 50 infants to the fluconazole group
during the 30-month period between May 5, 1998,
and October 10, 2000. A total of 114 infants met
the criteria for enrollment during the study period.
Seven infants died before consent had been obtained;
for four infants, consent was not obtained during the
first five days of life; for one infant, consent was ob-
tained but randomization did not occur; for one, an
interpreter was not available to obtain informed con-
sent; and one infant did not have an intravenous
catheter or an endotracheal tube.

There were no significant differences between the
placebo and fluconazole groups in the base-line dem-
ographic characteristics or risk factors for fungal in-
fection (Table 1). At base line, eight infants in the pla-
cebo group and two in the fluconazole group were
colonized (difference in risk, 0.12; 95 percent con-
fidence interval, ¡0.05 to 0.29; P=0.18). There was
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no significant difference in the age at enrollment be-
tween the infants with base-line fungal colonization
and those with no colonization at base line (mean
[±SD] age, 2.1±1.5 vs. 1.7±1.1 days; P=0.39). All
the infants were placed in a humidified incubator and
treated with Aquaphor ointment (Beiersdorf, Nor-
walk, Conn.) for skin care during the first 7 to 14
days of life. One infant in the placebo group without
a positive fungal culture was treated with amphoteri-
cin B and a systemic fungal infection later developed,
and one patient in the fluconazole group without a
positive fungal culture was treated with amphoteri-
cin B and later died from respiratory failure. Both pa-
tients were included in the analysis.

The mean (±SD) duration of the administration

of the study drug and the obtaining of the surveil-
lance cultures for all study participants was 5.2±1.4
weeks, and patients were followed for a mean of
13.7±8.0 weeks. On three occasions, a dose of pla-
cebo was incorrectly administered in place of flucon-
azole to infants in the fluconazole group, and pro-
tocol surveillance cultures were not obtained from
an infant three times in the placebo group and six
times in the fluconazole group.

 

Fungal Colonization

 

During the six-week treatment period, fungal col-
onization was present at one or more sites in 30 of
the infants in the placebo group (60 percent) and 11
of those in the fluconazole group (22 percent, P=
0.002) (Table 2). Fungal colonization at two or more
sites occurred in 26 of the infants in the placebo
group (52 percent), as compared with 9 of those in
the fluconazole group (18 percent, P=0.003). Flu-
conazole prophylaxis led to a significantly lower in-
cidence of colonization at three of the culture sites
(skin, stool, and nasopharynx) than that found in
the placebo group during the six-week treatment pe-
riod (Table 2).

The distribution of fungal species and the sites of
colonization are shown in Table 3. There were 177
fungal isolates documented in 769 surveillance cul-
tures (23.0 percent) obtained from infants in the
placebo group and 42 isolates among 861 surveil-
lance cultures (4.9 percent) obtained from infants in
the fluconazole group during the treatment period
(difference in risk, 0.18; 95 percent confidence in-
terval, 0.15 to 0.22; P<0.001). The skin and stools
were the most common sites of evidence of fungal
colonization in both groups, whereas fungal coloni-
zation of the nasopharynx occurred only once in one
infant in the fluconazole group, as compared with 37
times in 17 infants in the placebo group (P=0.002).

Fluconazole prophylaxis significantly reduced the
incidence of 

 

C. albicans

 

 colonization overall, as well as
in the skin, stools, and nasopharynx (Table 2). After
the second week, no infants in the fluconazole group
had colonization with 

 

C. albicans,

 

 as compared with
10 infants in the placebo group (P=0.008). There
was no significant difference between the groups in
the number of patients colonized with 

 

C. parapsilo-
sis

 

 (Table 2), but overall, there were fewer isolates of

 

C. parapsilosis

 

 in the fluconazole group (35 of 861
cultures) than in the placebo group (79 of 769 cul-
tures) (Table 3). The total number of infants colo-
nized with 

 

C. parapsilosis

 

 increased from 2 at base
line to 16 by week 2 of the study.

 

Invasive Fungal Infection

 

Fungal infection, as documented by growth of fun-
gi in cultures of blood, urine, or cerebrospinal fluid,
developed in 10 of the infants in the placebo group
(20 percent) and none of those in the fluconazole

 

*Plus–minus values are means ±SD. All maternal tests for human im-
munodeficiency virus were negative in both groups.

†One or more doses of hydrocortisone or dexamethasone were given.

‡Granulocyte colony-stimulating factor was given for neutropenia.

§Types of major surgery included ligation of patent ductus arteriosus, ab-
dominal surgery, and placement of a ventricular peritoneal shunt.
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F
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G
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(N=50)

P

 

LACEBO

 

G

 

ROUP

 

(N=50)
P

V

 

ALUE

 

Base-line characteristics

 

Birth weight — g 717±150 744±157 0.39
Gestational age — wk 25.5±1.6 25.7±2.0 0.61
Male sex — no. (%) 25 (50) 25 (50) 1.00
Nonwhite race — no. (%) 15 (30) 16 (32) 0.92
Antenatal steroids — no. (%) 40 (80) 37 (74) 0.62
Antenatal antibiotics — no. (%) 29 (58) 29 (58) 1.00
Rupture of membranes »24 hr 

before delivery — no. (%)
14 (28) 12 (24) 0.77

Born at study hospital — no. (%) 41 (82) 38 (76) 0.61
Vaginal delivery — no. (%) 21 (42) 22 (44) 0.92
Apgar score

1 min 4±3 4±2 0.84
5 min 6±2 6±2 0.84

Age at enrollment — days 1.5±1.1 1.9±1.2 0.19

 

Risk factors during 6-wk treat-
ment period

 

Treatment received — no. (%)
Steroids† 37 (74) 36 (72) 0.92
Parenteral nutrition 49 (98) 50 (100) 0.92
Histamine-2 receptor antagonists 14 (28) 11 (22) 0.62
Granulocyte colony-stimulating 

factor‡
6 (12) 4 (8) 0.74

Ampicillin and gentamicin 49 (98) 50 (100) 0.88
Vancomycin 31 (62) 36 (72) 0.37
Cephalosporins 37 (74) 34 (68) 0.62

Duration of antibiotic therapy — days 13±7 14±8 0.95
Vascular access — no. (%)

Umbilical catheters 49 (98) 50 (100) 0.88
Central venous catheter 49 (98) 48 (96) 0.88
Peripheral arterial catheter 25 (50) 30 (60) 0.37

Endotracheal intubation — no. (%) 50 (100) 50 (100) 1.00
Major surgery — no. (%)§ 5 (10) 10 (20) 0.33
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group (difference in risk, 0.20; 95 percent confidence
interval, 0.04 to 0.36; P=0.008). Four of the infants
with systemic fungal infection died. The 10 invasive in-
fections were caused by 

 

C. albicans

 

 (5), 

 

C. parapsilosis

 

(3), 

 

C. glabrata

 

 (1), and 

 

C. dubliniensis

 

 (1). The low-
est concentration of fluconazole that inhibited the
growth of 90 percent of these isolates (MIC

 

90

 

) was
not different from the MIC

 

90

 

 of the isolates from the
surveillance cultures obtained from the infants in the
placebo group in whom invasive infection did not
develop. There were eight episodes of sepsis (one
with meningitis, one with necrotizing enterocolitis,
and one with a urinary tract infection) and two iso-
lated episodes of urinary tract infection. In one infant
with a systemic fungal infection, an antecubital skin
abscess developed; in another infant, endocarditis
developed; and an appendiceal abscess and peritoni-
tis developed in a third infant. Systemic fungal infec-
tion was treated in all cases with intravenous ampho-
tericin B, with the addition of fluconazole in two
cases. After the six-week treatment period, invasive
fungal infection occurred in three infants in the place-
bo group and one infant in the fluconazole group
(P=0.30). No clusters of invasive fungal infections
occurred at any time during the study period.

There was no association between fungal coloni-
zation, as defined by a positive surveillance culture
at any time during the study period or at base line, and
the incidence of invasive fungal infection. Systemic

 

*Data are for the infants with surveillance cultures that tested positive for fungal growth one or more
times during the treatment period (mean [±SD], 5.2±1.4 weeks). CI denotes confidence interval.
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IFFERENCE
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 R

 

ISK

 

(95% CI)
P

V

 

ALUE

 

no. of infants (%)

 

»1 site 11 (22) 30 (60) 0.38 (0.18 to 0.56) 0.002

»2 sites 9 (18) 26 (52) 0.34 (0.14 to 0.52) 0.003

Any fungal species
Skin 10 (20) 24 (48) 0.28 (0.07 to 0.47) 0.008
Stool 9 (18) 27 (54) 0.36 (0.16 to 0.54) 0.003
Nasopharynx 1 (2) 21 (42) 0.40 (0.21 to 0.57) 0.002
Umbilicus 2 (4) 6 (12) 0.08 (¡0.08 to 0.24) 0.40

 

Candida albicans

 

Any site 3 (6) 14 (28) 0.22 (0.03 to 0.40) 0.02
Skin 1 (2) 10 (20) 0.16 (¡0.002 to 0.33) 0.05
Stool 3 (6) 13 (26) 0.20 (0.02 to 0.38) 0.03
Nasopharynx 0 11 (22) 0.22 (0.06 to 0.39) 0.005
Umbilicus 0 4 (8) 0.08 (¡0.05 to 0.23) 0.31

 

C. parapsilosis

 

Any site 8 (16) 14 (28) 0.14 (¡0.08 to 0.31) 0.26
Skin 8 (16) 12 (24) 0.08 (¡0.11 to 0.27) 0.47
Stool 5 (10) 10 (20) 0.10 (¡0.08 to 0.28) 0.33
Nasopharynx 1 (2) 8 (16) 0.14 (¡0.02 to 0.30) 0.09
Umbilicus 2 (4) 1 (2) 0.02 (¡0.12 to 0.16) 0.89

*Data are for colonization found in cultures obtained during the period
when the study drug was being administered (mean [±SD] duration,
5.2±1.4 weeks).
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(N=50)
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No. of surveillance cultures obtained 861 769

Fungal isolates from surveillance 
cultures — no. (% of cultures)

42 (4.9) 177 (23.0)

Fungal species — no. (% of isolates)

 

Candida albicans

 

3 (7.1) 77 (43.5)

 

C. parapsilosis

 

35 (83.3) 79 (44.6)
C. guilliermondii 0 5 (2.8)
C. glabrata 4 (9.5) 5 (2.8)
C. lusitaniae 0 9 (5.1)
Trichosporon mucoides 0 2 (1.1)

Site — no. (% of isolates)
Skin 21 (50.0) 54 (30.5)
Stool 18 (42.9) 81 (45.8)
Nasopharynx 1 (2.4) 37 (20.9)
Umbilical cord 2 (4.8) 5 (2.8)
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fungal infection was preceded by colonization with
the same fungal species at some time point in 8 of
the 10 infants with invasive infections (80 percent).
By comparison, 21 of the 40 control infants without
systemic fungal infection (52 percent) also had col-
onization. All eight patients who had colonization
before invasive fungal infection developed had positive
surveillance cultures during the week before the infec-
tion appeared. In one case, C. dubliniensis fungemia
with endocarditis developed in an infant who had
had colonization with C. albicans. In another case,
C. glabrata sepsis developed in an infant who had
been colonized with C. parapsilosis. In the placebo
group, colonization with a specific fungal species or
at a specific site was not associated with an increased
risk of invasive fungal infection.

There was an association between the occurrence
of invasive fungal infection and the number of sites
that had been colonized at the time of the last screen-
ing. For each additional site colonized, the odds of
invasive fungal infection increased by a factor of three
(odds ratio, 3.0; 95 percent confidence interval, 1.4
to 6.8).

Minimal Inhibitory Concentration

Sensitivity to fluconazole as measured by the MIC
did not change significantly for infants in either group.
One isolate of C. parapsilosis in one fluconazole-
treated patient had an increase in MIC from 0.25 µg
per milliliter at base line to 1.00 µg per milliliter at
the end of the treatment period, but invasive fungal
infection did not occur in this patient. In addition,
patterns of sensitivity to fluconazole did not change
over the 30-month study period (Table 4).

Secondary Outcomes

There was no significant difference in mortality be-
tween the two groups (4 infants in the fluconazole
group died, as compared with 10 in the placebo
group; P=0.22). The frequencies of the secondary
outcomes were also similar in the two groups. The
incidence of bacterial infections (73 percent of which
were due to gram-positive organisms) was similar in
the two groups during and after the treatment peri-
od. Bacterial infection developed in 17 infants in the
placebo group (34 percent) and 19 infants in the flu-
conazole group (38 percent). Necrotizing enterocoli-
tis occurred in six infants in the placebo group (12
percent) and two infants in the fluconazole group
(4 percent). There were also no significant differenc-
es between the placebo and fluconazole groups in
the incidence of isolated intestinal perforation (5 in-
fants and 2 infants, respectively), ligation of patent
ductus arteriosus (5 infants and 2 infants, respective-
ly), threshold retinopathy of prematurity (11 infants
and 15 infants, respectively), or abnormal findings
on cranial ultrasonography (9 infants and 8 infants,
respectively). No adverse effects of the fluconazole

therapy were documented. Specifically, there was no
appreciable adverse effect of therapy on levels of as-
partate aminotransferase, alanine aminotransferase, to-
tal bilirubin, or alkaline phosphatase. No infant was
withdrawn from the study because of changes in liver-
function results, and the results returned to normal
after treatment in all infants who survived to discharge.
Aminotransferases were elevated (more than 2 SD
above the mean) in three infants in each group (6 per-
cent) during the treatment period.

DISCUSSION

The results of this study demonstrate that flucon-
azole is effective in preventing invasive fungal infec-
tion in extremely-low-birth-weight preterm infants.
In the past 10 years, several studies have investigated
the use of fluconazole prophylaxis in immunocom-
promised adults.7-12,29-32 In patients receiving bone
marrow transplants, 75 days of prophylactic treatment
with fluconazole reduced the incidence of fungal
colonization, superficial infection, systemic infection,
and candidiasis-related death, despite colonization
with azole-resistant fungal species.7,9,30 Fluconazole
resistance did not occur. The extremely-low-birth-
weight infant is an unusual host in whom the risk of
fungal infection decreases with the maturation of
the immune system, extubation, the discontinuation
of parenteral nutrition, and the removal of central
vascular access as postnatal age increases. For these
reasons, the preterm infants in this study required a
shorter course of medication and a lower total dose
of fluconazole than adults have required in previous
studies. Since azole resistance has been reported to
be dependent on the total dose received, this differ-
ence in exposure may partially explain why flucona-

*MIC50 denotes the lowest concentration required to inhibit the growth
of 50 percent of the isolates; MIC90 denotes the lowest concentration re-
quired to inhibit the growth of 90 percent of the isolates. Data represent
the highest value for each specimen site (skin, stool, nasopharynx, or um-
bilicus). There were sufficient data to allow separate analysis of only two
species, Candida albicans and C. parapsilosis. Data are for the placebo and
fluconazole groups combined. There were no significant differences be-
tween periods in the MIC50 or MIC90 for either species.

TABLE 4. MINIMAL INHIBITORY CONCENTRATION 
OF FLUCONAZOLE FOR FUNGAL ISOLATES 

DURING THE 30-MONTH STUDY PERIOD.*

FUNGAL SPECIES MIC50 MIC90

FIRST 6 MO LAST 6 MO FIRST 6 MO LAST 6 MO

µg/ml

C. albicans 1.0 0.25 2.0 0.5

C. parapsilosis 2.0 1.0 4.0 8.0
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zole resistance did not develop in this cohort.14 In
addition, the use of amphotericin B for primary ther-
apy for invasive fungal disease limits the total dose
of fluconazole to which fungi are exposed and may
help prevent the development of resistant fungi.15,33

The elimination, as a result of fluconazole prophy-
laxis, of fungal colonization at multiple sites or, in
some cases, of colonization altogether appeared to
contribute to the prevention of invasive fungal infec-
tion. In addition, in patients who had fungal coloni-
zation, it is possible that fluconazole prophylaxis may
have rendered the fungi more susceptible to the in-
nate defenses of the host.34-39

Fluconazole prophylaxis appeared to have its most
dramatic effects on C. albicans — a finding that is con-
sistent with other data suggesting that C. albicans is
more susceptible to fluconazole than other fungal
species.40 The marked effect of fluconazole on naso-
pharyngeal colonization suggests that effective tissue
drug concentrations are achieved in the nasopharyn-
geal mucosa.41 By the third week of life in the infants
in our study, fluconazole prophylaxis eliminated col-
onization by C. albicans that was most likely acquired
by means of vertical transmission from the mother.42

The majority of colonizations with C. parapsilosis
occurred during the second week of the study, im-
plying that C. parapsilosis has a different mechanism
of colonization, which most commonly occurs by
means of horizontal transmission, through the nos-
ocomial spread of fungi from health care workers or
colonized infusates.43

The fluconazole dosing used in this study was
based on published data regarding the pharmacokinet-
ics of fluconazole in preterm infants.19,20 Our study
demonstrated no adverse effects of fluconazole, and
the lower dose and the intermittent dosing may be
responsible for this favorable side-effect profile. Be-
cause of concern about the development of azole re-
sistance, we limited our study to preterm infants who
required vascular access or endotracheal intubation
during the first six weeks of life. Therefore, this study
does not address the effectiveness of fluconazole in
infants who continue to require vascular access or
endotracheal intubation beyond six weeks of age.
The prophylactic administration of fluconazole pre-
vented fungal colonization and invasive fungal dis-
ease in extremely-low-birth-weight preterm infants
without adverse effects or development of flucona-
zole resistance.
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