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Methods: The uncommon Candida species was initially defined as Candida species other than
C. albicans, C. tropicalis, C. glabrata complex, C. parapsilosis complex and C. krusei. All un-
common Candida isolates were identified and confirmed by molecular methods. In vitro sus-
ceptibility testing of the uncommon Candida species to nine antifungal agents was
conducted using the broth microdilution method with the Sensititre YeastOne (SYO) system
(Trek Diagnostic Systems, Ltd., East Grimstead, UK).

Results: Twenty-one patients, comprising 11 males and 10 females with a median age of 69
years, were recruited. Cancer (n = 11) was the most common underlying disease, 19
(90.5%) cases had prior antibiotic exposure, and only two patients had prior antifungal use.
The overall in-hospital mortality rate was 38.1% (n = 8). C. guilliermondii (n = 11) was the
most common pathogen, followed by C. curvata (n = 3). C. guilliermondii isolates exhibited
relatively high rates of azole minimum inhibitory concentrations (MICs) above epidemiological
cut-off values (ECVs), whereas C. pelliculosa and C. lusitaniae isolates all remained suscepti-
ble to azoles. All three C. curvata isolates had high caspofungin (>8 mg/L) and fluconazole
MICs (8 mg/L) and could be defined as multidrug-resistant.

Conclusions: Uncommon Candida species frequently exhibit high rates of non-susceptibility to
antifungals. Identification of all Candida isolates at the species level from blood samples is of
value for treatment.

Copyright © 2017, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Invasive candidiasis has become a great threat to public
health, and it affects more than 250,000 people every year
and is associated with more than 50,000 mortalities.” In
several population-based studies, the incidence of candi-
demia was found to be increasing globally due to the
growing population of immunocompromised hosts and the
increasing use of invasive devices.”> In Taiwan, several
studies have shown similar findings regarding increasing
invasive candidiasis among different populations, espe-
cially in the setting of nosocomial infections.®®

In addition to an increasing number of cases, the species
distribution of candidemia has changed recently. Although
C. albicans remains the dominant pathogen underlying
invasive candidiasis and accounts for approximately 50% of
all cases, the incidence rates of candidemia caused by non-
albicans Candida species, including C. tropicalis, C. glab-
rata complex, C. parapsilosis complex and C. krusei are
increasing.”*” In general, more than 90% of invasive
candidiasis are caused by these five Candida spp., including
C. albicans, C. tropicalis, C. glabrata complex, C. para-
psilosis complex and C. krusei.'® ' However, some un-
common Candida spp., such as C. guilliermondii, C.
pelliculosa, C. lipolytica, C. dubliniensis, have also been
reported to be one of the etiologies of candidemia.’* "
Moreover, the understanding of the clinical significance
and microbiologic characteristics among these uncommon
Candida spp. is limited due to their rare occurrence.’?
Therefore, an investigation of uncommon Candida spp. is
urgently needed. In this study, we retrospectively reviewed
the clinical characteristics of candidemia caused by un-
common Candida spp. We also assayed the in vitro sus-
ceptibility of these uncommon Candida spp. isolates to
antifungal agents.

Patients and methods

Study design and setting

This study was retrospectively conducted at the Chi Mei
medical center, Liouying campus, a 900-bed hospital in
southern Taiwan. All patients with candidemia were iden-
tified from a computerized database from the microbiology
department between 2007 and 2014. After the exclusion of
five common Candida spp., including C. albicans, C. tro-
picalis, C. glabrata complex, C. parapsilosis complex, and
C. krusei, 33 Candida isolates were found, of which only 25
isolates were available from subculture. The cases with
molecular method-confirmed uncommon Candida spp.
bloodstream infections (BSls) were then subjected to
further analysis. The medical records of all patients with
BSIs due to uncommon Candida spp. were retrospectively
reviewed and the following information was collected: age,
gender, underlying conditions (history of immunosuppres-
sant drug or steroid use, diabetes mellitus, liver cirrhosis,
end-stage renal disease, and cancer), risk factors (presence
of central venous catheter (CVC), Foley catheter, or Port-A-
Cath; recent abdominal surgery; chemotherapy, total
parenteral nutrition, gastrointestinal bleeding, use of acid-
reducing agents, and prior use of broad spectrum antibi-
otics), laboratory data, microbiological findings, and pa-
tient outcome.

Phenotypic identification of the isolates

Fungal blood cultures obtained from January 2007 to
December 2014 at the hospital were analyzed. BACTEC
Myco/F Lytic bottles (Becton Dickinson Microbiology Sys-
tems, Sparks, MD) containing 5—10 mL of blood were
incubated in a BACTEC 9240 culture system (Becton
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Dickinson Microbiology Systems) at 35 °C. Each patient was
included only once at the time the first bloodstream
infection was detected. All isolates were inoculated onto
CMA agar (Oxoid) with 1% Tween 80, and then, all plates
were incubated at 26 °C for 72 h. Isolates were identified by
investigation under a microscope (40x objective) according
to their chlamydospore, blastospore and/or hyphal forma-
tion. Additionally, the assimilation profile of all yeast iso-
lates was performed using commercially available API strips
(ID32C; bioMérieux, Marcy I’Etoile, France), which were
read and interpreted at 48 h.

Gene sequencing of the isolates

All uncommon Candida isolates were identified by poly-
merase chain reaction (PCR) and by direct sequencing of
the 28 S rRNA and internal transcribed spacer (ITS) regions.
The D1—D2 region of the large-subunit RNA gene and the ITS
regions of each isolate were amplified by PCR, sequenced,
and then compared with sequences in public databases
using the BLAST algorithm. The fungus-specific primers ITS1
(5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5-TCCTCCG
CTTATTGATATGC-3’) were used to amplify the ITS regions,
respectively.'® For the D1-D2 region amplification, primers
NL1 (5-GCATATCAATAAGCGGAGGAAAAG-3') and NL4 (5'-
GGTCCGTGTTTCAAGACGG-3') were used.”” PCR products
were sequenced on a model 377 sequencing system
(Applied Biosystems, Taipei, Taiwan).

Antifungal susceptibility testing of the isolates

The susceptibility of the 21 preserved non-duplicate
Candida species blood isolates (one isolate from each pa-
tient) to nine antifungal agents was determined by using
the Clinical Laboratory Standards Institute (CLSI) broth
microdilution method with the Sensititre YeastOne (SYO)
system (part YO-10; Trek Diagnostic Systems, Ltd., East
Grimstead, U.K.) according to the manufacturer’s in-
structions. Plates containing serial 2-fold dilutions of the
antifungal agents across 12 dilutions were inoculated using
a prepared suspension of the organism. On the day of the
test, a working yeast suspension of approximately
1.5 x 10° CFU/mL was prepared in SYO inoculum broth
(Trek Diagnostic Systems). The dried SYO panels were
rehydrated by dispensing 100 pL of working yeast suspen-
sion into each well using a multichannel pipetting device.
The SYO panels were covered with adhesive seals and
incubated at 35 °C for 24 h in a non-CO, incubator. The
colorimetric MIC endpoints were read using a reading mirror
that displayed the underside of the wells. A color change
from blue (negative, no growth) to red (positive, growth)
was taken as evidence of yeast growth. Colorimetric MIC
results for all test agents were defined as the lowest con-
centration of antifungal agent that prevented the devel-
opment of red colonies (first blue well). C. parapsilosis
ATCC 22019 was used as quality control isolates. For un-
common Candida spp., other than for C. guilliermondii,
clinical breakpoints were undefined. Therefore, isolates
that showed MICs higher than the epidemiologic cutoff
value (ECV) were considered potentially resistant.'® There
were no ECVs for C. curvata, C. lipolytica, C. pulcherrima

and C. palmioleophila. Therefore, those isolates were
excluded from susceptibility comparisons.

Definition

Candidemia was defined as at least one set of positive blood
culture of Candida species in patients with compatible
clinical signs/symptoms of infections. The diagnosis of
infection focus of candidemia was made based on clinical,
bacteriological, and radiological investigations. Catheter-
related bloodstream infection (CRBSI) was defined as a
positive semi-quantitative tip culture (>15 colony-forming
units), candidemia, and/or high clinical suspicion. Urinary
tract infection (UTI) was defined as positive urine culture
with growth of >10° CFU/mL and pyuria. If no primary focus
could be identified, the candidemia was classified as pri-
mary. In-hospital mortality was defined as death due to any
cause during hospitalization. Uncommon Candida species
was defined as Candida species other than C. albicans, C.
tropicalis, C. glabrata complex, C. parapsilosis complex
and C. krusei, as identified by molecular methods.

Results
Distribution of Candida spp. causing BSI

Fig. 1 shows the distribution of Candida spp. BSI with time.
Among 626 episodes of candidemia, C. albicans (n = 331,
53.3%) was the most common species, followed by C. tro-
picalis (n = 100, 16.1%) and C. glabrata complex (n = 88,
14.2%). No C. krusei isolate was identified during this
period. Initially, 24 uncommon Candida spp., including C.
guilliermondii (n = 10), C. pelliculosa (n = 3), C. curvata
(n = 3), C. sake (n = 3), C. lusitaniae (n = 2), C. lipolytica
(n = 1), C. famata (n = 1), and C. pulcherrima (n = 1),
were identified by conventional methods.

Molecular identification of uncommon Candida spp.

After employing a molecular method of identification, we
found six discordances between conventional and molecu-
lar methods in terms of Candida species. Among these
discordant results, three C. sake isolates became one C.
guilliermondii and two Lodderomyces elongisporus iso-
lates, one C. guilliermondii isolate became a C. glabrata
isolate, one C. pelliculosa isolate became C. guilliermondii
isolate, and one C. famata isolate became a C. palmio-
leophila isolate. Finally, only 21 cases with molecular
method-confirmed uncommon Candida spp. were identi-
fied. Among these, C. guilliermondii (n = 11) was the most
common pathogen, followed by C. curvata (n = 3), C.
pelliculosa (n = 2), and C. lusitaniae (n = 2), following by
one isolate of each of the following: C. palmioleophila, C.
lipolytica, and C. pulcherrima.

Susceptibilities of the isolates

The in vitro susceptibility results for nine antifungal agents
were available for all 21 isolates (Table 1). C. guillier-
mondii isolates exhibited relatively high rates of azole MICs



Clinical manifestations of candidemia caused by uncommon Candida species

615

| m C. albicans N C. tropicalis uC. glabrata C. parapsilosis ® Uncommon Candida spp. |
< 100% - 3.3 2.2 5.9 5.1 3.5 15.7 2.6
E IHII
il
: 80% A

HHHHHH#\H\HW T \HHHHHHMH Il 7
o | - - H\ M u‘u
£5 .

ES o | | | H\
! § 50"/0 \\ \ \ \\

. & ° 0.3 w\ *
82 aon | IR _ \\
B 2
%f’g’ 30% 56.9
o2 54.4 55.4 51.8 53.5 .

S 20% 1 405 39.7
2 10%
s
= 0% 4
2007 2008 2009 2010 2011 2012 2013 2014
(n=60) (n=90) (n=93) (n=86) (n=79) (n=87) (n=51) (n=80)

Figure 1.

Annual number of candidemia cases at Chi Mei Medical Center, Liouying campus in Taiwan from 2007 to 2014, and

species distribution of Candida blood isolates (number denotes %). No Candida krusei isolate was identified during this period.

above ECVs (fluconazole 45%, voriconazole 36%, and pos-
aconazole 18%), whereas C. pelliculosa and C. lusitaniae
isolates all remain susceptible to azoles (Table 1). Caspo-
fungin MIC clinical breakpoints have been proposed only for
C. guilliermondii."® Consequently, 7 C. guilliermondii iso-
lates (64%) were susceptible to caspofungin (MIC <2 mg/L),

and 4 isolates were resistant (MIC >8 mg/L). One C. lip-
olytica isolate had a relatively high fluconazole MIC (4 mg/
L) but low caspofungin MICs (0.06 mg/L), and one C. pal-
mioleophila isolate had similar results (MICs for fluconazole
and caspofungin were 4 and 0.12 mg/L, respectively). All
three C. curvata isolates had high caspofungin (>8 mg/L)

Table 1  In vitro susceptibility of 21 uncommon Candida spp. to nine antifungal agents using the broth microdilution method.
No Minimum inhibitory concentration (mg/L)
Caspofungin Anidulafungin Micafungin Fluconazole Voriconazole Itraconazole Posaconazole 5-Flucytosine Amphotericin

B

C. guilliermondii

1 1 2 0.5 4 0.12 0.5 0.25 <0.06 1

2 >8 2 2 4 0.12 0.5 0.5 0.12 0.5

3 0.25 1 0.5 16 0.25 0.5 0.25 <0.06 0.5

4 2 2 1 4 0.12 0.5 0.5 <0.06 1

5 1 2 0.5 2 0.03 0.25 0.12 <0.06 <0.12

6 0.12 1 0.5 8 0.12 0.25 0.06 <0.06 <0.12

7 1 2 1 2 0.06 0.25 0.25 <0.06 0.25

8 >8 4 4 16 0.5 0.5 0.5 0.25 2

9 >8 >8 >8 16 0.5 1 0.5 0.25 1

10 8 4 >8 >256 >8 1 >8 >64 >8

11 2 2 1 32 1 1 1 <0.06 1

C. curvata

12 >8 >8 >8 8 0.25 0.5 0.5 64 1

13 >8 >8 >8 8 0.25 0.5 0.5 32 1

14 >8 >8 >8 8 0.25 0.5 0.5 32 1

C. pelliculosa

15 0.03 <0.015 0.03 4 0.12 0.12 0.25 <0.06 0.5

16 0.03 <0.015 0.03 4 0.12 0.12 0.5 <0.06 0.5

C. lusitaniae

17 0.25 0.25 0.12 0.25 <0.008 0.06 0.03 <0.06 0.5

18 0.5 0.25 0.06 0.5 0.015 0.12 0.03 <0.06 1

C. palmioleophila

19 0.12 0.06 0.03 4 0.12 0.25 0.25 <0.06 <0.12

C. lipolytica

20 1 0.5 2 8 0.12 0.25 0.5 NA 0.5

C. pulcherrima

21 0.5 1 0.5 0.5 0.015 0.12 0.015 0.12 0.25

NA, not applicable.
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and fluconazole MICs (8 mg/L). Although ECVs for that
species have not been defined, on the basis of ECV and
clinical breakpoints for other Candida spp., those isolates
could be considered nonsusceptible to azoles and echino-
candins, defining them as multidrug-resistant.

Clinical characteristics

A total of 21 episodes of uncommon Candida spp. BSI were
identified, and their clinical characteristics are summarized
in Table 2. The patients ranged in age from 1 to 79 years
(median, 69 years), and 52.4% (n = 11) of them were
classified as elderly patients with an age > 65 years. In
total, 52.4% (n = 11) of patients were male. All candidemia
episodes were classified as healthcare-associated in-
fections. Eighteen (86.7%) episodes of candidemia were
obtained in the general ward, and another three (14.3%)
cases contracted infections during their stay in the inten-
sive care unit (ICU). Overall, cancer (n = 11) and hyper-
tension (n = 9) were the most common underlying
diseases, followed by diabetes mellitus (n = 6).

Nineteen (90.5%) cases had prior broad-spectrum anti-
biotics exposure, and only two patients had prior antifungal
agent use. The Charlson comorbidity index ranged from 0 to
6 (median 3). Most patients had various risk factors for
candidemia, such as the presence of central venous cath-
eter (n = 15), including the Port-A-Cath or Foley catheter
(n = 8), recent chemotherapy (n = 9), use of total
parenteral nutrition (n = 6), gastrointestinal tract bleeding
(n = 6) or recent abdominal surgery (n = 3), but only one
patient (4.8%) had neutropenia during their episode of
candidemia. In addition to three cases with primary can-
didemia, the most common source of secondary candidemia
was central line-associated (n = 9), followed by intra-
abdominal infection (n = 6) and urinary tract infection
(n = 3). There were 6 and 9 patients who had acute res-
piratory failure and required ICU admission, respectively.
Five patients received antifungal therapy with azole-based
regimens, five received echinocandin-based regimens, two
received amphotericin B treatment, and nine patients
didn’t receive any antifungal treatment. Eight patients
expired during hospitalization, and the in-hospital mortal-
ity rate was 38.1%.

Discussion

This study, which investigated the clinical manifestations of
uncommon Candida species fungemia, had several signifi-
cant findings. First, after excluding the major five common
candida species, including C. albicans, C. tropicalis, C.
glabrata, C. parapsilosis and C. krusei, C. guilliermondii
was the most common pathogen causing candidemia, fol-
lowed by C. curvata. Rarely, C. pelliculosa, C. lusitaniae,
C. palmioleophila, C. lipolytica, and C. pulcherrima were
also identified in this series. The distribution of these un-
common Candida species in this study is different from the
findings of previous studies.’ 2" In the global investigation
based on the SENTRY Antimicrobial Surveillance Program,?'
among a total of 1354 Candida bloodstream infections, 50
(3.7%) were identified as miscellaneous species, including
C. dubliniensis (16 isolates), C. guilliermondii (eight

isolates), C. kefyr (six isolates), C. famata (three isolates),
C. lipolytica (three isolates), C. rugosa (two isolates), C.
sake (two isolates), C. pelliculosa (two isolates), and one
isolate each of C. lambica, C. utilis, C. haemulonii, C.
norvegensis, and C. inconspicua. In a multicenter study of a
total of 134 nosocomial Candida infections in children in
Turkey, in addition to five major common candida species,
C. lusitaniae (3.7%) was the most common pathogen, fol-
lowed by C. kefyr (2.2%), C. guilliermondii (1.5%), and C.
dubliniensis (0.7%)."° Based on a Brazilian National Sur-
veillance Program for 137 episodes of nosocomial candide-
mia,”° the uncommon Candida species included C.
pelliculosa (1.5%), C. lusitaniae (0.7%), C. famata (0.7%),
and C. guilliermondii (0.7%). All of the above findings
indicate that the distribution of uncommon Candida species
shows significant variation according to different study
places, designs, and populations.?” Therefore, it is impor-
tant to conduct population-based or institutional surveil-
lance to establish local epidemiology.

Second, three rare Candida species, including C. cur-
vata, C. pulcherrima and C. palmioleophila were identified
and confirmed by molecular methods in this series. This
study is the first report of human infections caused by C.
curvata. We demonstrated that this rare pathogen can
cause primary candidemia or fungemia secondary to
catheter-associated urinary tract infection. In addition,
although several reports have demonstrated another path-
ogen,?>** C. pulcherrima, is associated with human in-
fections, for the first time, we report a case of central line-
associated bloodstream infection caused by C. pulcherrima
in Taiwan. Regarding C. palmioleophila, our finding is
consistent with a previous report that C. palmioleophila
could be misidentified as C. famata or C. guilliermondii.?
However, the clinical significance of this pathogen remains
unclear due to limited reports.”>~%” Our findings suggest
that C. curvata, C. pulcherrima and C. palmioleophila
should be considered as possible Candida species causing
fungemia. Moreover, further large-scale studies using mo-
lecular methods for the identification of Candida species
are warranted to help understand the clinical characteris-
tics of these uncommon Candida species.

Third, all cases were identified as healthcare-associated
infections, and most had various risk factors for candide-
mia. These findings are consistent with a previous study of
90 episodes of candidemia due to C. albicans in Taiwan that
more than 40% of patients had various underlying diseases
including malignancy, DM, and impaired renal function.?®
Nearly all patients had received antibiotics prior to acqui-
sition of candidemia. It is also true for patients with C.
albicans candidemia that 78.9% patients had prior exposure
of broad spectrum antibiotics.?® Most important of all, the
clinical outcome of the patients in this study was poor, and
the overall in-hospital mortality rate was 38.1%. Although
previous reports showed the mortality rate of C. albicans
candidemia upto more than 50%,%®° which was higher
than the previous study of uncommon Candida spp., the
differences may be due to different study designs, patient
populations and treatment policy. Further large-scale study
is warranted to compare the clinical significance between
C. albicans and uncommon Candida spp. candidemia.
Overall, this study help us further realize the clinical
characteristics of uncommon Candida spp. BSI.



Table 2  Clinical characteristics of 21 patients with bloodstream infection caused by uncommon Candida spp.

Candida Age Underlying Risk factor Previous CClI Source of Antifungal Mortality
species/case no. disease Candida infection regimen
(year of report) colonization
C. guilliermondii
1 (2007) 51 DM, HTN, Left Receiving chemotherapy, Port- None 3 CVC-related Nil No
buccal A, prior use of BSA
synovial sarcoma
2 (2007) 60 Right buccal Receiving chemotherapy, Port- None 2 CVC-related Nil No
cancer A, neutropenia, prior use of
BSA
3 (2008) 49 Old TB, Receiving chemotherapy, Port- None 6 CVC-related Caspofungin No
esophageal cancer A
4 (2008) 76 Chronic hepatitis C Foley catheter None 1 CAUTI Fluconazole No
5 (2009) 68 Small-cell lung Receiving chemotherapy, Port- None 4 CVC-related Nil No
cancer A, prior use of BSA
6 (2009) 75 HTN, pancreatic Receiving chemotherapy, Port- None 5 IAl-related Fluconazole Yes
cancer A, prior use of BSA, UGIB, use
of PPI
7 (2010) 44 Breast cancer Receiving chemotherapy, Port- Sputum 2 CVC-related Caspofungin Yes
A, prior use of BSA
8 (2011) 60 HTN Foley catheter, CVC, prior use None 0 Primary Amphotericin-B No
of BSA candidemia
9 (2013) 79 Short bowel TPN, CVC, prior use of BSA, None 1 CVC-related Nil No
syndrome UGIB, use of PPI
10 (2013) 53 DM, HCC Receiving chemotherapy, Port- None 3 IAl-related Fluconazole No
A, prior use of BSA
11 (2014) 1 Nil Recent abdominal surgery, Wound 0 IAl-related Voriconazole No
prior use of BSA
C. curvata
12 (2011) 69 DM, HTN,CHF Foley catheter, prior use of BSA None 6 Primary Fluconazole Yes
candidemia
13 (2012) 74 DM, HTN,CHF Foley catheter, prior use of BSA Urine 4 CAUTI Nil No
14 (2013) 69 HTN, HCC UGIB, use of PPI, prior use of None 3 Primary Nil No
BSA Candidemia
C. pelliculosa
15 (2008) 72 Nil TPN, CVC, Recent abdominal None 0 IAl-related Nil Yes
surgery, prior use of BSA
16 (2010) 72 DM, HTN TPN, CVC, Recent abdominal Urine 4 IAl-related Amphotericin-B No
surgery, prior use of BSA, UGIB,
use of PPI
C. lusitaniae
17 (2013) 58 HTN, CVA Foley catheter, prior use of BSA Sputum 4 IAl-related Nil Yes
18 (2013) 73 Nil TPN, CVC, Foley catheter, prior None 4 CVC-related Micafungin Yes

use of BSA, UGIB, use of PPI

(continued on next page)
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