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Abstract Neonatal candidemia can occur, however,
infections caused by Candida pelliculosa are rare.
Here, we describe an outbreak of candidemia caused
by C. pelliculosa among babies hospitalized in a
neonatal intensive care unit.
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Introduction

The incidence of neonatal systemic candidiasis is
associated with significant morbidity and mortality
[1]. Previous epidemiologic outcome studies of neo-
natal candidemia have reported crude mortality rates
of 30-60 % and increased risk associated with low
birth weight [2]. Furthermore, in addition to premature
birth, common use of broad-spectrum antibiotics and
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intravenous catheters means that neonates are partic-
ularly prone to candidemia [3].

Among Candida species pathogenic to humans, C.
albicans has been the species most often associated
with neonatal infection. Recent reports, however, have
indicated an increasing number of pediatric outbreaks
attributable to other Candida species including Can-
dida pelliculosa teleomorph Pichia anomala [4].
Infections caused by this yeast are rare, but has
occurred in premature infants and immunocompro-
mised patients [5]. It is frequently found in fruits, tree
exudates, soil, and other organic compounds [6].

Candida pelliculosa has been identified as a cause
of invasive infections, and fungemia is the most
common presentation in some countries [7, 8]. Usu-
ally, such patients are treated with amphotericin B or
fluconazole with good clinical outcomes. Nonetheless,
treatment failures may occur as well as cases of
breakthrough fungemia in patients receiving prophy-
laxis with fluconazole. Antifungal regimens currently
used in neonates are associated with increasing fungal
resistance, notable toxicity, drug—drug interactions, or
a limited spectrum of activity. In this context, to
determine a pathogen’s antifungal susceptibility is an
important step in effective treatment [9]. Delayed
initiation of appropriate antifungal therapy can raise
the risk of mortality and morbidity in infants [10].

Here, we describe an outbreak of fungemia among
neonates caused by C. pelliculosa, a possible clonal
infection origin and the in vitro antifungal suscepti-
bility of the strains.
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Patients and Methods

The research was conducted after the approval by the
research ethics committee from the Instituto de
Medicina Integral Professor Fernando Figueira regis-
ter CAAE(0246.0.099.000-10.

Case 1

A male infant born in February 2010 with gestational
age of 37.2 weeks and a weight of 3,460 g, presenting
with congenital malformation, neonatal cholestasis,
jaundice, and anemia was hospitalized after birth. In
April 2010, a positive diagnosis was made for
fungemia caused by C. pelicullosa. The patient was
initially treated with fluconazole (6 mg/kg) for
10 days and for a further 15 days with amphotericin
B (0.5 mg/kg). After treatment, the fungal sepsis had
been overcome and the patient was discharged.

Case 2

A premature male twin neonate born in April 2010
with gestational age of 26 weeks and 4 days and
weight of 830 g, presented with jaundice and respira-
tory distress syndrome, stayed in the NICU from April
to September 2010. In May 2010, C. pelliculosa was
identified in blood culture. The child was treated for
28 days with fluconazole (6 mg/kg) and for a further
21 days with amphotericin B (0.5 mg/kg). Fungal
sepsis was overcome, but the baby remained hospi-
talized until September 2010 due to severe malnutri-
tion been treated with good clinical outcome and was
later discharged.

Case 3

A female premature newborn born in June 2010 with
gestational age of 34 weeks and weight of 1,390 g was
admitted 10 days after birth suffering from congenital
heart disease, jaundice, and anemia. In the same
month, a blood culture tested positive for C. pellicul-
osa. The child was treated with fluconazole (6 mg/kg)
for 14 days. The infection was overcome and the
patient was discharged in August, 2010.

Case 4

A premature female neonate born in June 2010 at a
gestational age of 31 weeks and 3 days, weighing
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1,690 g, was admitted with jaundice, pneumothorax,
respiratory distress syndrome, and meningoencepha-
litis. In the same month, a positive diagnosis was made
for candidemia caused by C. pelliculosa. The infection
was treated with fluconazole (6 mg/kg) for 24 days,
with a good response, and the child was discharged in
July 2010.

Case 5

A premature female neonate born in June 2010 at a
gestational age of 29 weeks and with weight of 840 g,
low Apgar score, jaundice, meningoencephalitis, and
respiratory distress syndrome, was hospitalized after
birth. After 23 days, a blood culture tested positive for C.
pelliculosa. Subsequently, the child was treated with
fluconazole (6 mg/kg) for 20 days with a good outcome.

An overview of the cases and possible risk factors is
showed in Table 1.

In all cases, two blood samples were collected in
consecutive days, aseptically by arterial puncture
scalp using EDTA anticoagulant from patients hospi-
talized in a Neonatal Intensive Care Unit (NICU) of a
Public Brazilian Hospital between April 2010 and
September 2010 (diagnostic and cure control cul-
tures). The microbiological analyses were conducted
in the Mycology Department from Pernambuco Fed-
eral University. They were processed by standard
methods (direct examination and isolation in culture)
for mycological diagnosis.

The direct examination of the clinical samples was
performed without clarifying and with Giemsa stain-
ing. At the same time, cultures were prepared using
Sabouraud dextrose agar plus chloranphenicol (Difco)
incubated at 30 and 37 °C in an aerobic atmosphere for
15 days.

The identification of the etiological agents was
done after purification of the cultures through the
macroscopic characteristics (edges, texture and color
of the front and back of the colonies, pigment
production and growth time), microscopic (somatic
and reproductive structures), physiological (ascosp-
ores formation), biochemical (assimilation carbon
compounds and nitrogen fermentation of sources of
carbon and acetic acid production) [11] as well as by
molecular techniques involving species-specific prim-
ers (P. Anom-F 5’-GAG GGT GGT GGC TTA CCT
CT-3' and P. anom-R 5-AAA ATA CCT CTT CTA
AAC CTG AG-3') [12].
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Table 1 Clinical characteristics of five patients with Candida pelliculosa fungemia
Cases Gestational ~ Birth Clinical symptoms Prior Prior Use of Antifungal
age weight antibiotic ~ antifungal parenteral  therapy
(weeks) (&) usage prophylaxis  nutrition
Case 1 37.2 3,460 Congenital malformation, neonatal Yes No Yes FL + AB
cholestasis, jaundice and anemia
Case 2 264 830 Jaundice, respiratory distress Yes No Yes FL + AB
syndrome
Case 3 34 1,390 Congenital heart disease, jaundice, Yes No Yes FL
anemia
Case 4 313 1,690 Jaundice, pneumothorax, respiratory Yes No Yes FL
distress syndrome,
meningoencephalitis
Case 5 29 840 Jaundice, meningoencephalitis, Yes No Yes FL
respiratory distress syndrom
FL fluconazole, AB amphotericin B
T['al')lg 2 Minimal . Case/isolate Minimal inhibitory concentration (pg/mL)
inhibitory concentration of
the yeasts isolated from Amphotericin B Fluconazole Voriconazole Anidulafungin
blood of hospitalized
neonates Case 1/6345 0.12 (S) 4 (S) 4 (R) 0.06 (S)
Case 2/6283 0.03 (S) 4 (S) 4 (R) 0.12 (S)
Case 3/6281 0.03 (S) 4 (S) 4 (R) 0.01 (S)
Case 4/6280 0.03 (S) 4 (S) 4 (R) 0.01 (S)
Case 5/6279 0.03 (S) 4 (S) 4 (R) 0.03 (S)

S Susceptible, R resistant

Direct examination revealed numerous oval hyaline
and budding yeast cells in all clinical samples. The
growth cultures occurred in both temperatures (30 and
37 °C). The yeast cultures were identified according to
morphophysiological characteristics as C. pelliculosa
and confirmed based on molecular techniques as
shown on Fig. 1.

For the similarity evaluation, fingerprinting analy-
ses were performed with ISSR marker using (GTG)s
(5-GTGGTGGTGGTGGTG-3') and MI13 (5-AG-
TCAGCCAAC-3) single primers. The variable binary
similarity matrix was prepared using Jaccard coeffi-
cient by the NTSYS (Numerical Taxonomy System of
multivariate program) computer program version
pc2.1 [13]. Dendrograms were prepared by UPGMA
(Unweighted Pair Group Method with Arithmetical
average) analysis.

For all molecular assays, an international recom-
mended strain of C. tropicalis ATCC750 was used as
an out group. All isolates of C. pelliculosa were placed
in the same branch when Primer GTGs was used. With
the primer M13, the strain from case 4 was placed on

400bp

Fig. 1 Agarose gel electrophoresis of PCR products of
Candida isolates with species-specific primer for Candida
pelliculosa. Lanes 1-5 corresponding to isolates 6345, 6283,
6281, 6280, 6279 and lane B to ATCC 750 C. tropicalis. M 100-
bp DNA ladder marker

another branch. The microsatellite band patterns and
the dendrograms are showed on Fig. 2.

Antifungal susceptibility testing for amphotericin B
(UnitedMedical), fluconazole (Pfizer), voriconazole
(Pfizer), and anidulafungin (Pfizer) was performed by
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Fig. 2 Microsatelite band patterns and dendrogram generated
from the data obtained after PCR amplification of Candida
isolates using the primer GTGs (a, b) and M13 (¢, d). 1-5
isolates of Candida pelliculosa from patients hospitalized in the

the broth microdilution method following the CLSI
(Clinical laboratories and standards institute) guide-
lines found in the document M27-A3 [14]. Quality
control was performed by testing CLSI-recommended
strains C. tropicalis ATCC750, C. krusei ATCC6258,
and C. parapsilosis ATCC22019. The results from the
susceptibility test are demonstrated in the Table 2.
The cultured strains have been maintained at the
URM Culture Collection of Department of Mycology,
Federal University of Pernambuco, Brazil, with
records numbers 6345, 6283, 6281, 6280, and 6279.

Discussion

There are several reports of nosocomial cross-infec-
tions due to Candida species in NICUs [4]; however,
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Neonatal Intensive Care Unit from a hospital in Recife-PE
correspond to isolates 6345, 6283, 6281, 6280, 6279. Number 6
is the ATCC 750 Candida tropicalis

deep-seated infections due to C. pelliculosa are
reported rarely [6]. Kalkanci et al. [4] in 2010 reported
an outbreak of fungemia by C. pelliculosa in a Turkish
hospital among four babies hospitalized in the same
room; our report has some similarities as we report an
outbreak with five cases of fungemia due C. pellicul-
osa in neonates from the same NICU. All patients
acquired the infection after the admission to the NICU;
the non-perinatal nosocomial transmission of C.
pelliculosa suggests that the route of transmission
may come from the hands of healthcare workers,
hospital environment air (dispersed fungal propa-
gules), and invasive procedures as parenteral nutrition.
Molecular epidemiologic methods are required for the
demonstration of the clonal relationships between the
isolates [15]. Genetic analysis of the blood isolates
showed that all five were positive for the marker
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(GTG)s, but only four were positive for the M13
marker which suggests that in our study, four of the
five yeasts isolated probably had the same clonal
origin.

Four of the five affected babies were premature: one
of them with a birth weight of less than 2,500 g and
three with very low birth weights of less than 1,500 g.
In a study conducted in an Indian NICU, low birth
weight was the most common risk factor for candide-
mia (79.09 %), followed by prematurity (67.27 %)
[16]. Another research of potential risk factors for C.
pelliculosa infection in neonates conducted by Chak-
rabarti et al. [7] showed that lower gestational age,
very low birth weight, and longer duration of hospital
stay were all significantly associated with fungemia.

Although C. pelliculosa is considered an emergent
hematogenous yeast pathogen, data about its suscep-
tibility to antifungal drugs are scarce [17]. A previous
study C. pelliculosa strains showed good susceptibil-
ity to amphotericin B, fluconazole, and voriconazole
[9]. The drug susceptibility profiles of the five isolates
were similar. All of them were susceptible to ampho-
tericin B, fluconazole, and anidulafungin, but were
resistant to voriconazole. Our isolates were sensitive
to anidulafungin, which could be a good therapeutic
option for invasive candidiasis, although pharmaco-
kinetics studies of this drug are still in progress and/or
under development in the neonatal population [18]. In
all five cases, amphotericin B and fluconazole were
able to promote a healing of our patients who had
fungemia caused by C. pelliculosa. The treatment
instituted after antifungal susceptibility testing prob-
ably contributed for cure.
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