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Invasive fungal disease (IFDs) are a challenging problem in
neonatal intensive care units (NICUs), affecting up to 10% of
very low birth weight (VLBW) preterm neonates1 and being
associated with high morbidity, high mortality, and late
neurodevelopmental impairment.2 These infections are typi-

cally “late-onset” since their acquisition is nosocomial and
takes place during thefirst days after admission in the NICU,3

being caused in most cases by the various Candida species.
Only a few cases occur through vertical transmission from
the mother and can therefore be classified as “early-onset.”.
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Abstract Objective We analyzed the fungal ecology of a neonatal intensive care unit (NICU)
over a period of 20 consecutive years following the introduction of routine fluconazole
prophylaxis for all very low birth weight (VLBW;<1,500 g at birth) preterm babies. The
aim was to detect the possible appearance of any ecological shifts toward the
emergence of native fluconazole-resistant (NFR) fungal species.
Study Design This was a retrospective analysis of clinical and microbiological data of
VLBW preterm neonates admitted to a large tertiary NICU in Italy from 1997 to 2016
and surviving more than 3 days. Colonization and infection incidence rates, both for
fluconazole-sensitive Candida spp and NFR Candida spp, were calculated for each year.
We compared the first 4-year period without prophylaxis (1997–2000) with the last 16-
year period with use of routine fluconazole prophylaxis (2000–2016).
Results Overall, the incidence of fungal colonization significantly decreased after the
introduction of prophylaxis (from 43.4% to 16.5%) as well as the systemic fungal
infection incidence (from 16% to 3.7%). The proportion of colonization and infection by
NFR Candida spp, on the other hand, did not increase, remaining stable throughout the
16 years of exposure to fluconazole. During the prophylaxis period, 42 of 1,172 VLBW
neonates were colonized by NFR species (3.6%), and of them 11 developed a systemic
infection (0.9%). During the preprophylaxis period, colonization by these particular
species affected 11 of 285 VLBW neonates (3.8%), and a systemic infection involved 4
neonates (1.4%).
Conclusion Fluconazole prophylaxis is effective in decreasing Candida colonization
and systemic infections in preterm neonates in NICU and did not cause emergence or
shifts toward NFR Candida spp over a 16-year surveillance period.
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Diagnosis of IFD is often difficult because of the nonspeci-
ficity of the clinical features and the low sensitivity of the
available diagnostic techniques (blood culture mainly).4

Furthermore, treatment is not always effective in avoiding
negative late outcomes since up to 70% of the treated babies
may die or survive with long-term neurodevelopmental
impairment.5

Due to the aforementioned concerns related to the high
burden of morbidity of IFD, strategies of specific prevention
with the use of prophylactic fluconazole have been advocated
and hence implemented in several NICUs limited to those
pretermneonateswho are at a higher risk of IFD.Many studies
during the past years have shown the effectiveness and the
safetyof thispractice6–8;however, so far, theprophylaxis isnot
yet used in all NICUs in the European Union.9

One of the main concerns behind the reluctance of many
NICUs to adopt such strategy is the possible development of
resistances, namely through the selection of Candida spp that
are natively fluconazole-resistant (NFR) or through acquired
resistance to fluconazole in those Candida spp that are
natively susceptible to fluconazole.

Most of the available data in this area are not conclusive
and mainly focused on adult patients. Our group had pre-
viously conducted a surveillance study in our NICU, showing
no selection of NFR Candida spp after 6 years of routine
administration of fluconazole prophylaxis.10

This study aims at updating this information by reporting
on the fungal ecology and burden of Candida colonization
and infection after 10 additional years, hence reporting the
ecological outcomes of our NICU over a 16-year continuous
period of routine exposure to fluconazole.

Materials and Methods

The NICU of the Sant’Anna Hospital, Turin, Italy, is a level III
unit in the Turin area, with a mean delivery rate of 3,700 live
births per year and 500 admissions, of which 80 to 100 are
VLBW infants.

Clinical records of VLBW neonates admitted from January
1997 to December 2016 were retrospectively reviewed for
the presence of fungal colonization or IFD. Exclusion criteria
were survival less than 3 days, incomplete data, and incom-
plete weekly cultures.

For every eligible neonate, demographic, gestational, and
perinatal data; antenatal risk factors; septic episodes; clin-
ical and microbiological culture results; laboratory data;
treatments; and outcomes were recorded.

Our main objective was to monitor over the 20-year
period the incidence rates of Candida colonization and
infection, as well as the proportion of colonization and
infections caused by NFR Candida spp.

In doing so, we additionally made a comparison between
the preprophylaxis period (1997–2000) and the prophylaxis
period (2001–2016).

In our NICU, routine fluconazole prophylaxis for all VLBW
neonates was introduced in 2001.8

As per routine internal protocols, fluconazolewas adminis-
tered starting from (day of life) DOL 1 as a single dose

intravenously or orally, depending on the availability of a
venous line and/oron thetoleranceoforal feeding. Theoriginal
regimen was 6 mg/kg fluconazole every 72 hours in the first
week of life and then every 48 hours from the second week
untilDOL30 forneonateswithbirthweightbetween1,000and
1,500 g and DOL 45 for extremely low birth weight (ELBW;
<1,000 g at birth) neonates, or until earlier discharge, or until
the need for systemic antifungal therapydue to theonset of IFI.
This schedule was partially modified during a 15-month
period between 2004 and 2005, when approximately one-
third of theVLBWneonates received3mg/kg and another one-
third did not receive fluconazole, with drug administration
beginningonDOL3: thiswasbecauseof the involvementofour
NICU in a multicenter trial on fluconazole performed with a
NICUs network in Italy.8 The dosage became then 3 mg for all
the infants starting from 2008.

With presumed IFD, fluconazole was suspended, and
systemic antifungal therapy with drugs other than flucona-
zole given empirically until the culture results were
available.11 Drugs used for treatment were liposomal
amphotericin B and micafungin, at the recommended
dosages. After the diagnosis of an episode, removal of the
central venous catheter was the standard policy for the
management of central intravascular lines.

As a standard of care, all VLBW neonates admitted
undergo weekly surveillance cultures for Candida coloniza-
tion. Routine culture surveillance consists of (1) ear canal
swab at birth and (2) at least 3 per week of the following:
stool or rectal swab, gastric aspirate, nasopharyngeal or
endotracheal secretions if intubated, urine samples, and
cultures from surgical and mechanical devices when
removed (endotracheal tubes, intravascular catheter, drains,
and similar devices). Stool, gastric aspirates, surgical, and
intravascular devices were collected in sterile containers;
respiratory secretions were obtained with an infant mucus
sterile extractor kit supplied with two 3.3-mm suction
catheters (Vygon, Ecouen, France); skin, ear, and nasophar-
ynx specimens were obtained on swabs (Labobasi SA, Novaz-
zano, Switzerland); and blood drawn for cultures were
submitted in dedicated specimens (BacT/Alert PF, bioMer-
ieux Inc., Durham, NC). Urine samples were obtained by
sterile urethral catheterization or suprapubic aspiration of
the bladder; samples collected from indwelling catheters or
from urine bags were not considered for the diagnosis of IFD.

For the identification of fungi, all specimens were inocu-
lated into chromogen culture plates (Albicans ID, Biomerieux
Inc.), which permit a rapid Candida. albicans identification
through the blue staining of the colonies after 48 hours of
incubation at 37°C. As a policy of our institution, each fungal
isolate was speciated. Differently stained colonies were spe-
ciated through a miniaturized system of biochemical tests
(Vitec Yeast, Biomerieux Inc.). According to relevant litera-
ture,12 all C. glabrata, C. krusei, and Aspergillus fumigatus
isolates were considered as NFR spp. Although the focus of
the study was on the speciation and not on the determination
ofMICs, allC. guiliermondiiandC. tropicalis isolateswere tested
for susceptibility to fluconazole at the hospital’s microbiology
service at the time of isolation to include or exclude them
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among theNFR isolates. The standardizedmicrobroth dilution
assay was used according to the National Committee for
Clinical Laboratory Standards recommendations. The inter-
pretative breakpoints of fluconazole resistance were defined
as approximately 64mg/mL, as recommended by the National
Committee for Clinical Laboratory Standards.13

All fungal isolates from surveillance cultures or significant
clinical isolates obtained during the stay in NICU of the
enrolled neonates were evaluated. Infants colonized or
infected by Candida spp were identified, and among them,
those with Candida spp known for their intrinsic, or native,
resistance to fluconazole (such as C. glabrata, C. krusei) were
further identified.

Fungal colonization, either acquired or baseline, was
defined as at least one positive surveillance culture at any
timeduring the infant’s stay inNICU. Baseline fungal coloniza-
tionwasdefined as (1) ear canal swabat birthpositive for fungi
or (2) isolation of fungi from any site during DOL 1 and DOL 2.

A microbiologically documented fungal disease was
definedaccording to thepresenceofclinical signsor symptoms
consistent with infection, together with documentation of a
positive culture from either blood, urine (collected by supra-
pubic sterile puncture or sterile bladder catheterization, or
with growth of more than 10,000 fungal organisms/mL), or
cerebrospinal fluid. A positive culture from urine collected
without sterile procedures (using urine bags or indwelling
catheters, or with growth of less than 10,000 fungal organ-
isms/mL)was consideredas fungal colonizationof urine. These
criteria conform to the guidelines of international consensus
documents and the recommendations of the Italian Neonatol-
ogy Society’s Fungal Infections Task Force.4

Statistical Analysis
The demographic and clinical data examined are reported as
counts (percentages) for categorical variables and as means
� standard deviation for normally distributed continuous
variables. Proportions and continuous variables were com-
pared using Fisher’s exact two-tailed test and Student’s t-
test, respectively. Epidemiology was analyzed evaluating the
yearly incidence of NFR Candida spp colonization (at least 1
site) and IFI, yearly incidence of fluconazole-sensitive Can-

dida spp colonization and IFI, and rate of progression from
colonization to infection for NFR Candida spp and for fluco-
nazole-sensitive Candida spp. A comparison of thewhole 16-
year prophylaxis period with the 4-year period before the
introduction of prophylaxis was additionally performed.
Specifically, the association between IFI/colonization and
prophylaxis period (classified as a dichotomous variable:
pre-/postfluconazole) was assessed using Fisher’s exact test.

Risk ratios and corresponding 95% confidence intervals
were calculated to compare between-group cumulative inci-
dences, and odds ratios were computed. All tests were two-
tailed, and a p < 0.05 was assumed to indicate statistical
significance. All analyses were run using the SPSS software,
version 13.0 (SPSS Inc., Chicago, IL).

Results

During the study period (42 consecutive months in the pre-
prophylaxis period followedby 192 consecutivemonths in the
fluconazole period), 1,571 infants were admitted to our NICU
and survived more than 3 days.

Among them, 104 (28 in the preprophylaxis period and 76
in the fluconazole period) were excluded because of incom-
plete data or charts or incorrect/ incomplete weekly surveil-
lance cultures. The excluded patients did not differ from the
entire cohort in terms of gestational age or birth weight. The
final number of enrolled neonates was thus 1,467 (295 in the
preprophylaxis group and 1,172 in the prophylaxis group).
►Table 1 shows demographic, clinical, and management
characteristics of all patients in the two study periods. There
were no significant differences between the two periods in
terms of the presence of major (including antenatal) risk
factors for fungal colonization and systemic infection. The
proportion of neonates born through vaginal delivery was
lower in the prophylaxis period (26 vs. 39%), according to
the trend toward admitting more complicated pregnancies
and deliveries to our institution.

The overall mortality rate was lower in the prophylaxis
period (decreasing from 11.8% to 5%; p < 0.01).

►Table 2 shows the data on the proportions of colonization
and IFD episodes, progression rate from colonization to IFD,

Table 1 Summary of demographic and clinical characteristics

Preprophylaxis period, 1997–2000 Prophylaxis period, 2001–2016 p-Value

Sex (male/female) 149/146 597/575 NS

Gestational age (weeks) 29.8 (�3) 29.2 (�3) NS

Weight (grams) 1,218 (�275) 1,146 (�271) NS

Vaginal delivery 39% 26% 0.04

Mother’s preeclampsia 15% 21% 0.04

Neutropenia 10% 13% NS

Intubation (at least one day) 63% 51% NS

Hyperglycemia 17% 13% NS

Mortality (nonattributable to fungi) 11.8% 4.5% <0.01

Abbreviation: NS, nonsignificant.
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clustered for fluconazole-sensitive and NFR fungal isolates,
andcomparing thepre-andpostprophylaxisperiods.►Table 3

shows a year-by-year overview of colonization and infections
by Candida spp, whereas ►Fig. 1 shows the year-by-year
trends of colonization and infection by NFR Candida spp,
reported as the number of episodes per year.

Overall, fungal colonization occurred in 321 (23.5%) of
1,467 VLBW neonates, with incidence rates of 43.4% (128/
295) and 16.5% (193/1,172) in the pre- and postprophylaxis
periods, respectively (p < 0.001).

IFD occurred in 91 (6.1%) VLBW neonates, with a rate of
progression from colonization to infection of 0.27 (91/321);
47 episodes occurred in the preprophylaxis period and 44 in
the fluconazole years (incidence rates of 16% and 3.7%,
respectively; p < 0.001).

The pathogens responsible for these 44 breakthrough IFD
in colonized patients receiving prophylaxis were C. albicans
(30 cases), C. parapsilosis (8 cases), C. glabrata (6 cases),
C, famata (4), C. guilliermondii (4 cases), C. krusei (3 cases)
and C. tropicalis (1 cases), and Aspergillus fumigatus (1).
Noteworthy 13 neonates were infected by two species: 7
by C. albicans and C. parapsilosis, 2 by C. albicans and C. krusei,
1 by C. albicans and C. glabrata, 1 by C. tropicalis and
C. parapsilosis, 1 by C. famata and C. guilliermondii, and 1
by C. famata and C. glabrata.

Candida-attributable mortality was higher in the prepro-
phylaxis period: 5/ 47 (10.6%) versus 3/44 (6.4%). However,
there was no significant difference in the survival rates of
infants with NFR IFD compared with fluconazole-sensitive
IFD. No Candida subspecies were more likely than others to
cause invasive disease once the infant was colonized.

In the fluconazole prophylaxis period, colonization by
NFR Candida spp remained very infrequent, affecting only
2% to 6.6% of all the VLBW infants admitted yearly, with an
overall mean incidence of 3.4% (41 neonates out of 1,172). Of

importance, this incidence did not increase over the 16 years.
Also, the incidence of IFD caused by these FR Candida spp did
not increase over time, affecting only 11 (0.9%) VLBW
neonates. It is also important to notice how the IFD episodes
were never more than two per year.

In comparison with the 4-year period before the intro-
duction of fluconazole prophylaxis, therewere no changes in
any of the parameters discussed earlier. In fact, colonization
by NFR Candida spp in the preprophylaxis period affected 11
(3.7%) of 295 neonates, and the number of IFD caused by NFR
Candida sppwas 4 (1.3%) of 295. The incidence rates of these
two features were similar to those detected during the
prophylaxis period (3.4 and 0.9%, respectively).

Microbiological surveillance on colonization and IFD iso-
lates did not show any significant changes in the relative
frequencies of the different NFR Candida spp over the years,
including C. glabrata. No outbreak of such subspecies
occurred in any period. No fluconazole-related adverse
effects or reactions were recorded, and none of the patients
had to stop the prophylaxis for problems connected to
fluconazole exposure.

Discussion

This study reports the microbiological and ecological out-
comes of a large Italian NICU over 16 years of continuous
exposure to fluconazole administered as routine prophylaxis
to all the VLBW preterm neonates. We wanted to assess
whether this practice had any impact on the development of
colonization or IFI by NFR Candida spp in our setting.

Our data show that no increase in the absolute number of
episodes of colonization or infection caused by those Candida
spp that are inherently resistant to fluconazole occurred
during the 16-year study period. In turn, relevant benefits
were obtained, thanks to this strategy, as shown by the

Table 2 Proportions of colonization and IFI episodes, progression rate from colonization to IFI, clustered for fluconazole-sensitive
and NFR fungal isolates

Preprophylaxis period Prophylaxis period OR 95% CI p-Value

Total colonization 128/295
(43.3%)

193/1,172
(16.4%)

0.26 0.192–0.346 <0.001

Total IFI 47/295
(15.9%)

44/1,172
(3.7%)

0.15 0.156–0.282 <0.001

NFR Candida spp colonization 11/295
(3.7%)

41/1,172
(3.4%)

0.96 0.478–1.908 0.858

NFR Candida spp IFI 4/295
(1.3%)

11/1,172
(0.9%)

0.70 0.222–2.198 0.521

Sensitive Candida spp colonization 117/295
(39.7%)

152/1,172
(13%)

0.22 0.166–0.308 <0.001

Sensitive Candida spp IFI 43/295
(14.6%)

33/1,172
(2.8%)

0.17 0.102–0.288 <0.001

Col/IFI Candida spp progression rate 0.36
(47/128)

0.23
(44/193)

0.67 0.61

Col/IFI NFR Candida spp progression rate 0.36
(4/11)

0.27
(11/41)

0.59 0.55

Abbreviations: CI, confidence interval; IFI, invasive fungal infection; NFR, native fluconazole-resistant; OR, odds ratio.
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continuous and significant decrease in colonization and
infections caused by the Candida spp that are inherently
sensitive to this azole.

In other terms, our strategy produced clinically measur-
able benefits and impacted on the overall fungal ecology of
the NICU by only reducing the incidence rates of isolation of
Candida spp that are sensitive to fluconazole since these
relevant and beneficial changes have not been accompanied
by a surge in the morbidity related to the fungal organisms
that cannot be tackled by the azole that we used since they
are natively resistant to that.

To our knowledge, this is the longest ever ecological and
clinical report from a NICU where routine fluconazole pro-
phylaxis is administered.

In general, our data support the view that colonization and
infection from NFR species remains a limited and sporadic
event when prophylactic fluconazole is used in a NICU. These
findings are evenmore remarkable since our report spans over
a very long (16-year) period, during which the total number of
colonized or infected neonates by these fungal species
remained very low and substantially unchanged.

Our data are consistent with, and add to, what we already
observed in our previous 6-year-long study.6

Few other studies analyzed this area, with quite similar
results, although based on far shorter periods.

Healy et al compared 4 years of fluconazole prophylaxis
administered routinely to all the ELBW (<1,000 g at birth)
neonates in Texas, with the two previous years without
prophylaxis, finding no shifts toward resistant Candida
spp.14 Kaufman et al furthermore demonstrated a slight
increase of the minimal inhibitory concentration (MIC) in
Candida strains colonizing neonates admitted in a rando-
mized clinical trial of fluconazole prophylaxis.15 A slightly
different experience had been described by Sarvikivi et al in
their NICU in Finland: in a 12-year period, they did not detect
any increase of C. glabrata or C. krusei (while using the
fluconazole prophylaxis); however, they observed the
appearance of resistance in some strains of C. parapsilosis,
that were originally sensitive to fluconazole. It is important

to notice that this event happened when they extended the
prophylaxis to all the neonates admitted to the NICU instead
of reserving it to high-risk subgroups such as VLBWor ELBW
neonates.16

Taken together, all the aforementioned data shed a clearer
light on the issues and potential concerns related to fungal
ecology in a neonatal setting under routine fluconazole
exposure. The overall reassuring message becomes even
more meaningful when we make a comparison with similar
other studies conducted on adults or in nonneonatal settings,
which, in turn, demonstrate unwanted changes in resistance
patterns. Marr et al showed an association between long-
term prophylaxis and emergence of resistant strains in adult
patients who underwent bone marrow transplantation.17

The same findings were confirmed by Safran and Dawson,
who reported a shift toward fluconazole-resistant species in
a setting of critical surgical adult patients exposed to routine
fluconazole prophylaxis,18 and by Husain et al, who
described adult patients undergoing liver transplantation.19

Some possible explanations can be hypothesized for the
differences in the fungal ecological findings in our setting
comparedwith the aforementioned settings of adult patients.

Themaindifference is thatweadministered lowfluconazole
dosages to only selected subgroups of infants for generally
shorter periods of time. In fact, each prophylaxized patient
receivedfluconazole doses ranging from8 to 12 only, according
to thetwice-weekly schedule andeachpatientwasexposed toa
cumulative dose ranging from 24 to 36mg/kg only. Finally, the
proportion of treated versus admitted patients was always
below the 30% since our NICU admits some 500 patients per
year, of which only 100 are, on average, eligible for prophylaxis
being VLBW infants.

In contrast, schemes of prophylactic fluconazole admin-
istration in adult settings generally include daily doses, with
higher cumulative doses, and are delivered to themajority of
the patients concomitantly admitted in the unit. The pecu-
liarity of the fluconazole schemes used in the NICU might
thus contribute to the phenomenon that we recorded, that is,
the absence of detrimental fungal ecological shifts, or, at the

Fig. 1 Year-by-year trend of colonization and infection by NFR Candida spp: number of episodes per year. IFD, invasive fungal disease; NFR, native
fluconazole-resistant.
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very least, the fact that possible ecological shifts might need
longer periods to occur.

It can be meaningful to remind that in neonatal settings,
fluconazole resistances have been described when this prac-
ticewas expanded to all the patients concomitantly admitted
in the NICU, contrary to what happens usually.16 The cumu-
lative dose of exposure to fluconazole of the unit, in addition
to that of the single individual,might also be of importance in
determining the emergence of an ecological shift since
recirculationwithin the unit of such species is likely to occur
less frequently when a majority of the patients are not
exposed to fluconazole.

This area has been explored by several reports in adult
settings20,21 and might be a key point in understanding our
findings.

Strengths of our study are its length, as it spans over
16 years, and the very high number of neonates included.
Based on animal data, it has been suggested that the critical
duration of fluconazole exposure needed to detect an eco-
logical shift is 4 years.22 Our period of observation is far
longer. We therefore speculate that 16 years should be a
sufficient time frame to allow the occurrence and detection
of possible ecological shifts between the Candida spp sub-
populations, also considering the very high number of
patients exposed during this period to this prophylaxis.

Nonetheless, we cannot exclude that longer periods of
exposure are necessary to promote ecological shifts. Indeed,
nobody knows how much time is needed from fluconazole to
cause (ifever) a change in fungal ecology inaNICU, especially in
a setting like ours, inwhich the cumulative dose of fluconazole
used remained very low compared with that in adult settings.

We acknowledge that our study has limitations. These are
retrospective data, coming from a single center, which has
specific characteristics that could be different from other
centers and that could play a role in the way fungal ecology
modifies over time. Moreover, even though the number of
enrolled neonates is high, the study does not have enough
power to analyze in details what happens in specific sub-
groups of neonates, for example, in ELBW neonates alone or
in neonates with specific additional risk factors, or alsowhat
happens in the population of nontreated babies in the NICU.
It could be interesting to study in depth the association
between NFR Candida infections and the individual charac-
teristics of the single newborn. Finally, we focused on the
fungal ecology of different strains of Candida spp in our
setting, assessing the relative balance between NFR and not-
NFR strains, but we did not analyze the MICs of the single
Candida spp isolated during the years. Even though very
reassuring data have been already published in this area,23

this additional information will be obviously critical to fully
rule out any riskof emergence of resistances tofluconazole in
NICU settings.

In conclusion, we think that these data can be helpful in
addressing many existing doubts concerning the adoption of
prophylaxis in a NICU. Overall, they support the view that
there is no risk for emergence of natively resistant strains of
Candida spp in NICUs that adopt routine fluconazole pro-

phylaxis to selected high-risk groups of neonates during long
periods of time.

Continued surveillance and monitoring of the fungal
ecology in NICUs where fluconazole prophylaxis is adopted
is warranted to exclude that unwanted shifts may occur in
longer periods than that reported in this study.
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