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New Candida species may cause bloodstream infections challenging current therapeutic approaches
because of unpredictable susceptibility and virulence. In the present report, we describe a fungemia case
due to Candida pulcherrima in a premature neonate. After full in vitro diagnostic workup, the neonate was
successfully treated with liposomal amphotericin B and micafungin achieving rapid fungal eradication
from blood.
& 2016 The Authors. International Society for Human and Animal Mycology Published by Elsevier B.V.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Candida species are the third most frequently isolated patho-
gens from blood cultures in neonatal late-onset sepsis (9–13%) [1].
The mortality rate due to Candida sepsis is high ranging from 25%
to 54% and it can reach 70% in very low birth weight newborns
[1,2]. Candida albicans has been historically the most frequent
pathogen in neonates followed by Candida parapsilosis and other
Candida species such as Candida tropicalis, Candida glabrata and
Candida krusei [3,4]. However, rare Candida species have been in-
creasingly recognized as potential pathogens for neonates [5].
Admission into a Neonatal Intensive Care Unit quadruples the risk
of infection by these pathogens [6]. Given the recognition of in-
creased number of bloodstream infections by uncommon oppor-
tunistic yeasts with variable susceptibility to antifungal drugs [7],
identification of new potential pathogens is important for initia-
tion of prompt and targeted antifungal therapy.

The most recent guidelines by ESCMID favor the use of am-
photericin B (conventional and liposomal), fluconazole and mica-
fungin (B-II) for the treatment of neonatal candidemia [8].
for Human and Animal Mycology

adis).
However, antifungal resistance to fluconazole is increased among
Candida non-albicans species and particularly C. glabrata, whereas
echinocandin resistance among C. glabrata isolates poses a ther-
apeutic challenge in the treatment of candidemia [9]. While C.
albicans and C. parapsilosis constitute the great majority of Candida
species causing neonatal candidiasis, rare yeasts with variable
susceptibility can occasionally be found and require special care
[10].

In the present case report, we describe a rare case of fungemia
by Candida pulcherrima in a premature neonate together with the
diagnostic and therapeutic approaches followed.
2. Case

A male newborn born as a gemini B twin with a gestation age of
33 weeks was admitted to the Neonatal Intensive Care Unit at the
General Hospital of Nikaia, Athens, Greece due to prematurity and
respiratory distress syndrome. The neonate was delivered via
spontaneous vaginal delivery following premature rupture of the
amniotic membrane. The birth weight was 2080 g. He was initially
treated empirically with ampicillin and gentamicin. All drugs were
administered via a peripheral catheter, which was changed every
Published by Elsevier B.V. This is an open access article under the CC BY license
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three days. Parenteral nutrition was administered until day 3.
On day 0 he developed symptoms and sign of sepsis with fever

to 38°C, paleness, indolence and acrocyanosis. His laboratory re-
sults demonstrated thrombocytopenia (min 21,000/mm3) and in-
creased CRP (max 51 mg/L). The antibiotic therapy was modified to
meropenem and teicoplanin and on day 3 liposomal amphotericin
B (7 mg/kg/d. i.v.) was added and maintained throughout the
treatment after fungal growth was detected in four aerobic blood
bottles (BacT Alert, Biomerieux, France) collected on day 0. C.
pulcherrima was identified as described below and it was detected
in all blood cultures collected on days 3, 6 and 7. Ultrasound of the
head and abdomen, lumbar puncture, urine culture, ophthalmo-
logic exam and echocardiogram did not indicate disseminated
candidiasis.

Four days after initiation of liposomal amphotericin B, the
blood cultures remained positive for the same yeast and mica-
fungin 10 mg/kg/d i.v. was added on day 7. His general condition
was improved progressively, CRP levels decreased (o3 mg/L) and
after two days of combined antifungal therapy on day 9 the blood
cultures became negative. The treatment continued for another 16
days. On day 30, the neonate was discharged from the hospital in
good condition and with normal laboratory results.
Fig. 2. Gel electrophoresis of PCR products after amplification of C. pulcherrima
DNA with ITS1 (5-TCCGTAGGTGAACCTGCGG-3) and ITS4 (5-TCCTCCGCTTATTGA-
TATGC-3) primers, 1: C. pulcherrima 368 bp PCR product, 2: negative control, 3:
100 bp DNA ladder.
2.1. Species identification

The isolate grew on Sabouraud Dextrose agar plates slowly at
37 °C and best at 25–30 °C (Fig. 1A). The colonies were slow grow-
ing, convex, cream colored with a reddish pigment developed after
48 h (Fig. 1A). Microscopically ovoid to ellipsoidal budding yeasts
with chlamydospores but no pheudohyphae were found (Fig. 1B).
Biochemical identificationwith VITEK 2 Compact automated system
(Biomerieux, France) revealed C. pulcherrima (good identification
with 90% confidence level). Identification was confirmed with ITS
sequencing as previously described using ITS1 (5- TCCGTAGGT-
GAACCTGCGG-3), and ITS4 (5-TCCTCCGCTTATTGATATGC-3) primers
(Fig. 2) [11]. High sequence alignment (99%) was found in Genbank
Blast analysis withMetschnikowia pulcherrima, the sexual name of C.
pulcherrima (GenBank Accession No KX276090).
Fig. 1. Macroscopic (A) and microscopic (B) photos of C. pulcherrima. A. Cream colore
Chlamydospores, budding yeast and no pseudohyphae were observed in corn-meal aga
2.2. In vitro susceptibility testing

In vitro antifungal susceptibility was tested with Sensititre
YeastOne and the minimal inhibitory concentrations (MICs) were
d colonies with reddish pigment on the reverse of Sabouraud Dextrose Agar. B.
r after incubation at 37 °C for 48 h. (Magnification 400� ).



Fig. 3. In vitro checkerboard of amphotericin B þ micafungin after 48 h incubation
at 37 °C (top panel) and 30 °C (bottom panel). The Fractional Inhibitory Index using
the o10% growth endpoint was 0.56 and 0.375, respectively (black dots).

A. Mpakosi et al. / Medical Mycology Case Reports 12 (2016) 24–2726
for amphotericin B 0.5 mg/L, for fluconazole 0.25 mg/L, for itra-
conazole 0.03 mg/L, for voriconazole r0.008 mg/L, for posacona-
zole r0.008 mg/L, for flucytosine r0.06 mg/L, for micafungin
0.12 mg/L, for anidulafungin 0.25 mg/L and for caspofungin
0.5 mg/L. In vitro susceptibility to amphotericin B and micafungin
were verified with the EUCAST method [12] with 24/48 h MIC of
o¼0.03/0.125 mg/L and 0.015/0.06 mg/L at 37 °C, and 0.06/
0.125 mg/L and 0.06/0.25 mg/L at 30 °C, respectively. The MIC of
liposomal amphotericin B was one two-fold dilution lower. The
minimal fungicidal concentration was determined as the lowest
concentration with no viable cells after subculturing 100 μL from
the clear (no visible growth) wells after 48 h at 30 °C and they
were 0.5 mg/L for amphotericin B and 48 mg/L for micafungin.
No killing was observed at concentrations r0.125 mg/L.

2.3. In vitro combination testing

In vitro interaction between amphotericin B and micafungin
was determined with a checkerboard broth microdilution as pre-
viously described [13]. The combination using 10% growth in-
hibition endpoint after 48 h at 37 °C and 30 °C was additive and
synergistic with a Fractional Inhibitory Index of 0.56 and 0.375,
respectively, reducing the MICs of both drugs from 0.125 to
0.06 mg/L for amphotericin B and to 0.01 mg/L for micafungin at
37 °C. A similar decrease was found at 30 °C (Fig. 3). When clear
wells were subcultured in order to determine the fungicidal ac-
tivities the cfu/mL at 0.25 mg/L of amphotericin B were decreased
from 2�103 to 0.5�103 cfu/ml when combined with 0.03–
0.25 mg/L of micafungin at 30 °C.
3. Discussion

C. pulcherrima is an environmental, saprophytic yeast but also
an opportunistic pathogen. It was isolated from skin lesions and
nails [14,15]. It is member of the Metschnikowiaceae family and its
morphology and physiology are very close to those of C. lusitaniae
[14]. This is the second case of neonatal fungemia due to this yeast
[16] whereas recently a case of community acquired fungemia
caused by C. pulcherrima in an injection-drug user was reported
[17]. A C. pulcherrima blood-stream infection in healthcare setting
was related to the use of indwelling catheter for parenteral nu-
trition [18].

Premature neonates are at particularly increased risk to de-
velop invasive candidiasis with excessive case fatality due to their
low birth weight, poor nutrition, enteral malabsorption, in-
sufficient microbial defenses and underdeveloped anatomic bar-
riers. In premature neonates as many as 80% of cases have oc-
curred during the first 42 days of life. Birth weight and postnatal
age at the time of infection also predict subsequent mortality.
Major risk factors for fungemia include intravascular catheters,
parenteral hyperalimentation and broad spectrum antibiotics
[1,4,6]. In our case prematurity (gestation age of 33 weeks), low
birth weight (o2500 g), insufficient immune system and under-
developed anatomic barriers were the predisposing factors for
candidemia. Horizontal transmission via contaminated medical
devices, fluids or the hands of health care workers may be the
sources [19].

The first case of C. pulcherrima fungemia occurred in a neonate
by an isolate with fluconazole MIC of 2 mg/L and amphotericin B
MIC 0.004 mg/L. It was initially treated with fluconazole (6 mg/kg/
d) but because of positive blood cultures, amphotericin B lipid
complex (5 mg/kg/d) was initiated. After 6 days of treatment the
general condition was improved but only after 15 days of treat-
ment the blood cultures became negative [16]. The second case of
C. pulcherrima fungemia occurred in an adult by an isolate with
caspofungin MIC 0.25 mg/L. It was treated with caspofungin
(70 mg/d) and yeast was eradicated at the second day of treat-
ment. Both cases are in line with the present case where am-
photericin B failed to eradicate the yeast after 5 days of treatment
whereas rapid eradication was observed when micafungin was
added. In vivo enhancement of liposomal amphotericin B efficacy
when combined with micafungin was previously reported for the
treatment of azole-refractory C. guillieremondii fungemia which
failed liposomal amphotericin B plus voriconazole combination
therapy [20].

A synergistic effect between amphotericin B and micafungin
could explain the rapid eradication when micafungin was added to
liposomal amphotericin B therapy. The two-fold reduction of
amphotericin B MIC when combined with micafungin could
enhance the efficacy of liposomal amphotericin B in order to reach
the PKPD target tCmax/MIC 70 associated with complete response
in children. This MIC reduction is particularly important when
serum levels are at the lower end of 11–44 mg/L achieved in
children with candidemia although neonates may have different
pharmacokinetics [21]. In addition, since liposomal amphotericin B
is 499% protein bound, serum free concentrations may be lower
than the in vitro MFC determined in the present study (0.5 mg/L)
but sufficient to kill the yeast when combined with micafungin
(0.25 mg/L). Persistent Candida fermentati fungemia during lipo-
somal amphotericin B therapy was successfully treated previously
with the combination of liposomal amphotericin B with caspo-
fungin in a preterm neonate [22]. However, given that the mean
duration time of fungal eradication after liposomal amphotericin B
therapy of neonatal candidiasis is 9 days [23], the eradication
observed in the present study after micafungin was added may be
a coincidence with late fungicidal activity of liposomal ampho-
tericin B. Another explanation of rapid eradication could be due to
micafungin monotherapy, of which efficacy is shown in clinical
trials [24]. Despite the higher MFC, its in vivo effect may be en-
hanced by the strong immunomodulatory effects that echino-
candins possess decreasing dysregulated cytokines/chemokines
[25]. Finally, since Candida species easily form biofilms in cathe-
ters, the combination effect may be due to local control of biofilm
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although in our case no central catheters were present. Although
liposomal amphotericin B possesses antibiofilm activity against C.
lusitaniae at lower concentrations than micafungin (sMIC 0.125 vs
42048 mg/L), micafungin was found to damage more mature
biofilms than liposomal amphotericin B at high concentrations
achieved locally during infusion [26]. Thus, the combination of
liposomal amphotericin Bþmicafungin may be used for rapid
eradication of C. pulcherrima in bloodstream infections.
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tericin B., (Rinshō Ketsueki), Japanese J. Clin. Hematol. 49, 2008, pp. 94–
98. 〈http://www.ncbi.nlm.nih.gov/pubmed/18341039〉 (accessed 15.05.16).

[21] Y. Hong, P.J. Shaw, C.E. Nath, S.P. Yadav, K.R. Stephen, J.W. Earl, A.J. McLachlan,
Population pharmacokinetics of liposomal amphotericin B in pediatric pa-
tients with malignant diseases, Antimicrob. Agents Chemother. 50 (2006)
935–942, http://dx.doi.org/10.1128/AAC.50.3.935-942.2006.

[22] N. Al-Sweih, S. Ahmad, L. Joseph, S. Khan, S. Vayalil, R. Chandy, Z. Khan,
Candida fermentati as a cause of persistent fungemia in a preterm neonate
successfully treated by combination therapy with amphotericin B and cas-
pofungin, J. Clin. Microbiol. 53 (2015) 1038–1041, http://dx.doi.org/10.1128/
JCM.03351-14.

[23] A. Juster-Reicher, E. Leibovitz, N. Linder, M. Amitay, O. Flidel-Rimon, S. Even-
Tov, B. Mogilner, A. Barzilai, Liposomal amphotericin B (AmBisome) in the
treatment of neonatal candidiasis in very low birth weight infants, Infection
28 (2016) 223–226 (accessed 21.05.16) 〈http://www.ncbi.nlm.nih.gov/
pubmed/10961528〉.

[24] P. Manzoni, C. Wu, L. Tweddle, E. Roilides, Micafungin in premature and non-
premature infants: a systematic review of 9 clinical trials, Pediatr. Infect. Dis. J.
33 (2014) e291–e298, http://dx.doi.org/10.1097/INF.0000000000000434.

[25] A.L. Baltch, D.A. Lawrence, W.J. Ritz, N.J. Andersen, L.H. Bopp, P.B. Michelsen, C.
J. Carlyn, R.P. Smith, Effects of echinocandins on cytokine/chemokine pro-
duction by human monocytes activated by infection with Candida glabrata or
by lipopolysaccharide, Diagn. Microbiol. Infect. Dis. 72 (2012) 226–233, http:
//dx.doi.org/10.1016/j.diagmicrobio.2011.11.004.

[26] M. Simitsopoulou, D. Kyrpitzi, A. Velegraki, T.J. Walsh, E. Roilides, Caspofungin
at catheter lock concentrations eradicates mature biofilms of Candida lusita-
niae and Candida guilliermondii, Antimicrob. Agents Chemother. 58 (2014)
4953–4956, http://dx.doi.org/10.1128/AAC.03117-14.

http://dx.doi.org/10.1542/peds.2004�2292
http://dx.doi.org/10.1542/peds.2004�2292
http://dx.doi.org/10.1542/peds.2004�2292
http://dx.doi.org/10.1542/peds.2004�2292
http://dx.doi.org/10.1136/bmjopen-2012-000992
http://dx.doi.org/10.1136/bmjopen-2012-000992
http://dx.doi.org/10.1136/bmjopen-2012-000992
http://dx.doi.org/10.1136/bmjopen-2012-000992
http://dx.doi.org/10.1097/INF.0b013e3181920ffd
http://dx.doi.org/10.1097/INF.0b013e3181920ffd
http://dx.doi.org/10.1097/INF.0b013e3181920ffd
http://dx.doi.org/10.4103/1947�2714.118919
http://dx.doi.org/10.4103/1947�2714.118919
http://dx.doi.org/10.4103/1947�2714.118919
http://dx.doi.org/10.1097/INF.0b013e3182737427
http://dx.doi.org/10.1097/INF.0b013e3182737427
http://dx.doi.org/10.1097/INF.0b013e3182737427
http://dx.doi.org/10.1097/INF.0b013e3182737427
http://dx.doi.org/10.1128/CMR.00013-08
http://dx.doi.org/10.1128/CMR.00013-08
http://dx.doi.org/10.1128/CMR.00013-08
http://dx.doi.org/10.1128/CMR.00013-08
http://dx.doi.org/10.1093/mmycol/myu016
http://dx.doi.org/10.1093/mmycol/myu016
http://dx.doi.org/10.1093/mmycol/myu016
http://dx.doi.org/10.1093/mmycol/myu016
http://dx.doi.org/10.1111/1469�0691.12040
http://dx.doi.org/10.1111/1469�0691.12040
http://dx.doi.org/10.1111/1469�0691.12040
http://dx.doi.org/10.1371/journal.pone.0120452
http://dx.doi.org/10.1371/journal.pone.0120452
http://dx.doi.org/10.1371/journal.pone.0120452
http://dx.doi.org/10.1016/j.diagmicrobio.2006.10.011
http://dx.doi.org/10.1016/j.diagmicrobio.2006.10.011
http://dx.doi.org/10.1016/j.diagmicrobio.2006.10.011
http://refhub.elsevier.com/S2211-7539(16)30043-4/sbref11
http://refhub.elsevier.com/S2211-7539(16)30043-4/sbref11
http://refhub.elsevier.com/S2211-7539(16)30043-4/sbref11
http://refhub.elsevier.com/S2211-7539(16)30043-4/sbref11
http://refhub.elsevier.com/S2211-7539(16)30043-4/sbref11
http://dx.doi.org/10.1111/j.1469�0691.2007.01935.x
http://dx.doi.org/10.1111/j.1469�0691.2007.01935.x
http://dx.doi.org/10.1111/j.1469�0691.2007.01935.x
http://dx.doi.org/10.1128/AAC.00999-09
http://dx.doi.org/10.1128/AAC.00999-09
http://dx.doi.org/10.1128/AAC.00999-09
http://dx.doi.org/10.1128/AAC.00999-09
http://www.ncbi.nlm.nih.gov/pubmed/2615783
http://www.ncbi.nlm.nih.gov/pubmed/2615783
http://dx.doi.org/10.1128/JCM.43.3.1430�1432.2005
http://dx.doi.org/10.1128/JCM.43.3.1430�1432.2005
http://dx.doi.org/10.1128/JCM.43.3.1430�1432.2005
http://dx.doi.org/10.1128/JCM.43.3.1430�1432.2005
http://dx.doi.org/10.3109/13693786.2011.644590
http://dx.doi.org/10.3109/13693786.2011.644590
http://dx.doi.org/10.3109/13693786.2011.644590
http://dx.doi.org/10.1186/s12941-016-0129-1
http://dx.doi.org/10.1186/s12941-016-0129-1
http://dx.doi.org/10.1186/s12941-016-0129-1
http://www.ncbi.nlm.nih.gov/pubmed/3084972
http://dx.doi.org/10.4103/2249�4847.123098
http://dx.doi.org/10.4103/2249�4847.123098
http://dx.doi.org/10.4103/2249�4847.123098
http://dx.doi.org/10.4103/2249�4847.123098
http://ttp://www.ncbi.nlm.nih.gov/pubmed/18341039
http://dx.doi.org/10.1128/AAC.50.3.935-942.2006
http://dx.doi.org/10.1128/AAC.50.3.935-942.2006
http://dx.doi.org/10.1128/AAC.50.3.935-942.2006
http://dx.doi.org/10.1128/JCM.03351-14
http://dx.doi.org/10.1128/JCM.03351-14
http://dx.doi.org/10.1128/JCM.03351-14
http://dx.doi.org/10.1128/JCM.03351-14
http://www.ncbi.nlm.nih.gov/pubmed/10961528
http://www.ncbi.nlm.nih.gov/pubmed/10961528
http://dx.doi.org/10.1097/INF.0000000000000434
http://dx.doi.org/10.1097/INF.0000000000000434
http://dx.doi.org/10.1097/INF.0000000000000434
http://dx.doi.org/10.1016/j.diagmicrobio.2011.11.004
http://dx.doi.org/10.1016/j.diagmicrobio.2011.11.004
http://dx.doi.org/10.1016/j.diagmicrobio.2011.11.004
http://dx.doi.org/10.1016/j.diagmicrobio.2011.11.004
http://dx.doi.org/10.1128/AAC.03117-14
http://dx.doi.org/10.1128/AAC.03117-14
http://dx.doi.org/10.1128/AAC.03117-14

	Successful therapy of Candida pulcherrima fungemia in a premature newborn with liposomal amphotericin B and micafungin
	Introduction
	Case
	Species identification
	In vitro susceptibility testing
	In vitro combination testing

	Discussion
	Conflict of interest
	Acknowledgments
	References




