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Molecular Investigation of a Fungemia Outbreak Due to Candida parapsilosis in an Intensive Care Unit

Murat Dizbay?, Ayse Kalkanci?, Busra Ergut Sezer?, Firdevs Aktas!, Sibel Aydogan?, Isil Fidan?, Semra Kustimur? and Takashi Sugita®
!Gazi University Faculty of Medicine, Department of Clinical Microbiology and Infectious Diseases and Infection Control Committee;
?Department of Microbiology; Ankara, Turkey; *Meiji Pharmaceutical University, Department of Microbiology Kiyose; Tokyo, Japan

We investigated a nosocomial cluster of four Candida parapsilosis fungemia episodes that occurred in a neurological
intensive care unit over a two-week period. The four infected patients had received parenteral nutrition through
central lines, and all four had catheter-related candidemia. All of theisolates were susceptibleto all of theantifungals
tested, including amphotericin B, fluconazole, voriconazole, and caspofungin. They had strictly related fingerprints,
based on randomly amplified polymorphic DNA analysis. Additional DNA sequencing data revealed that they were
same strain. Although no isolate of Candida parapsilosis was recovered from other clinical, surveillance, or
environmental samples, nosocomial spread of this yeast ceased, following the reinforcement of infection-control
measur es. Candida parapsilosis may require an intravascular foreign body to cause fungemia, but this outbreak
shows that it can be transmitted nosocomially and can cause epidemics.
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Candida species are the third most common cause of
nosocomia bloodstream infections (BSI) in intensive care
units, with a47.1 % crude mortality rate in the United States
[1]. Candidemias have been found to be associated with
increasing mortality, length of hospital stay and hospital costs
[2,3]. Among the Candida speciesidentified to date, Candida
albicans still ranks first, but recent studies show a shift
towardsincreasing prevalence of non-albicans Candida spp.
[4-6]. Thischange has been attributed partly to the widespread
use of antifungal agents and to an increasing number of
immunocompromised hosts; however, it may also reflect an
increasing awareness that non-albicans Candida isolates are
important opportunistic pathogens. In aneurological intensive
care unit (NICU) of our hospital, we observed a nosocomial
cluster of fungemiadueto Candida parapsilosisthat affected
four patients. We retrospectively examined the characteristics
of the candidemia episodes in these patients and employed
molecular techniquesto determine whether thefungal isolates
from these patientswere of clonal origin.

Material and Methods
Patients

Four cases of C. parapsilosis fungemia were identified
within atwo-week periodinan NICU at the University Hospital
of Gazi, a1,000-bed tertiary care hospital, in Ankara, Turkey.
The NICU hasone patient room (atotal of seven beds), mainly
occupied by elderly patients affected by stroke,
cerebrovascular disease, or intracranial hemorrhage. At the
time the candidemia cases were detected, the four affected
patients were in same room. Their periods of hospitalization
overlapped, and they wereall cared for by NICU staff members.
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Theclinical characteristicsof thefour patientsare summarized
inTable 1.

Active surveillance program is routinely performed for
infection control in the NICU. After the second case of C.
parapsilosis fungemia was diagnosed, molecular
epidemiological investigationswereinitiated. Physiciansand
nursing staff of theintensive care unit were screened for oral
and hand carriage of Candida spp. Extensive sampling was
undertaken from fomites and other environmental sources of
the ward (floors, disinfectant solutions, multi-dose vials,
infusion pumps, commercially prepared parenteral nutrition
bags, and other medical equipments), and cultureswere made.
Finally, compliancewith standard infection control measures,
including rigorous hand-washing, was emphasi zed.

Strains

All of the C. parapsilosis strains were isolated from the
cultures of blood specimensor central venous catheter (CV C)
tips from the four patients. The yeastlike organisms were
identified according to their morphological characteristics,
biochemical profilesobtained with the D 32C kit (bioM érieux,
France), assimilation of six additional sugars, and growth
morphology on corn meal agar plates.

Antifungal Susceptibility Tests

Antifungal susceptibility testing for amphotericin B,
fluconazol e, voriconazol e and caspofungin was performed for
each of the strains by the microdilution method, according to
the Clinical Laboratory Standards Institution (CL SI, formerly
NCCLS) reference microdilution method documentedin M 27-

A2[7].

Randomly Amplified Polymorphic DNA and DNA Sequencing

All of the C. parapsilosisisolatesweretyped by randomly
amplified polymorphic DNA (RAPD). Two oligonucleotide
primers, forward 5'-ATG ACT CCA GCT GGT TC-3 and
reverse 5'- TAGATCAAGAAT GCA, were used for RAPD
analysis. Briefly, approximately 10 ng Candida DNA was
added to a 0.5 mL microfuge tube containing 20 pmol
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oligonucleotide primer, 250 uM each of dATP, dTTP, dCTP
anddGTP, 3mM MgCl,, 2.5U Tag DNA polymerase and 10X
buffer in afinal volume of 25 uL (all of the chemicals were
obtained from Metis Biyoteknol oji, Turkey). Theamplification
procedure was performed with an initial denaturation step at
94°C for 1 min, followed by 45 cycles of, 30 sat 94°C, 60s at
42°C, and 90sat 72°C, with afinal extensonat 72°Cfor 7minin
athermal cycler (Hybaid, UK). The products were separated
in 2% (w/v) agarose gel s containing 0.5 g ethidium bromide
mLand viewed onaUV transluminator.

DNA sequencing was additionally performed for
identifying C. parapsilosis. The D1/D2 regionsof 26SrDNA
intherRNA genewere sequenced directly from PCR products
using the primer pair NL1 (GCA TAT CAA TAA GCG GAG
GAAAAG)andNL4(GGT CCGTGTTTCAAGACGG).The
PCR products were sequenced using an ABI 310 DNA
sequencer and aBigDye Terminator Cycle Sequencing Ready
Reaction kit (Perkin-Elmer), according to the manufacturer’s
instructions. The sequence data were analyzed using the
National Center for Biotechnology Information (Bethesda,
Md., USA) BLAST system (available at http://
www.nchi.nim.nih.gov/BLASTY/).

Results
Strains

Ten samples obtained from blood specimens or catheter
tips removed from the four patients were culture-positive for
yeast organisms. All isolates showed identical phenotypic
characteristics and were identified as C. parapsilosis. The
quality of identification of C. parapsilosiswith ID 32C was
acceptableinall strains. Yeastswereidentified morphologically
as C. parapsilosis on corn meal agar plates.

Antifungal Susceptibility Tests

All isolates were susceptible to amphotericin B (MIC,
0.125 pg/mL), fluconazole (MIC, 0.125 pg/mL ), voriconazole
(MIC, 0.250 png/mL) and caspofungin (MIC, 0.062 pg/mL).

RAPD Analysis

RAPD analysiswas performed for further characterization
of C. parapsilosisisolates. The overall RAPD profiles of the
clinical isolates were very similar to each other, but very
different from the profilesof the C. parapsilosisATCC 22019
reference strain (Figure 1). These results suggest that the
isolates from the four patients were derived from the same
strain. Candida parapsilosis was not isolated from the
surveillance cultures of the healthcare workers or from
environmental sources. The review of infection control
procedures used in the NICU and in the pharmacy did not
show any relapse.

DNA Sequences

The DNA sequencesof al theisolatescompletely matched
to that of C. parapsilosis from the GenBank DNA database.
Therefore, all theisolateswereidentified asasingle strain of

C. parapsilosis. Clonal spread was confirmed by DNA
sequencing results (Figure 2).

Discussion

Numerous outbreaks of systemic candidiasis in
hospitalized patients have been reported [2,4,8]. Candida spp.
was found to be responsible for outbreaks associated with
parenteral nutrition, invasive devices, and intraoperative
contamination, as well as cross-infection via the hands of
hospital personnel or to extrinsic contamination of parenteral
nutrition solutions that occurred during preparation or
administration [3,5,6,8]. Sincethe hands of healthcareworkers
have been documented to be a reservoir of Candida spp.,
exogenous infection or cross-infection of the patients can be
common [9,10]. Although an investigation wasretrospectively
carried out in each of these outbreaks, no definitive source of
the fungal strains could be found.

Candida parapsilosis particularly affects critically ill
neonates and |CU patients, likely because of its association
with parenteral nutrition and central catheter lines[11,12]. The
affinity of C. parapsilosis for foreign material is shown by
infections [13]. Candida parapsilosis is increasingly
responsible for hospital outbreaks, and the hands of
healthcare workers can be the predominant environmental
source. Total parenteral nutrition (TPN) solutionsmay promote
C. parapsilosis adhesion and growth. Recently, biofilm-
forming potential was cited as a reason that patients with C.
parapsilosis-infected catheters should have the device
removed [14].

Theprevalence of C. parapsilosisfungemiahasincreased
over the years, and now, in some areas, C. parapsilosisisthe
second most common species found in patients with
candidemia[15]. Risk factorsfor systemic infectionswith C.
parapsilosis are prolonged neutropenia, aggressive
chemotherapy, or use of broad spectrum antibacterial agents,
and the alteration of local defenses by the obstruction or
breakdown of the skin and mucosa. Epidemiological data
obtained from fungemia patients revealed that non-albicans
strains are gaining importance because of low-susceptibility
rates to licensed antifungal drugs [16]. The reasons for the
rising incidence of C. parapsilosis candidemia are not
completely known, although indwelling venous cathetersand
parenteral nutrition have been recognized as specific risk
factors [4,17,18]. Most experimental studies have indicated
that the adherence of C. parapsilosis to acrylic surfaces is
greater than that of C. albicans[19].

We identified four episodes of C. parapsilosis fungemia
infour patients (mean age, 75.8 years) admitted to aNICU of
a tertiary care hospital over a two-week period. All of the
patients had neurological disease, had received parentera
nutrition solutionsthrough aCV C, and had been cared for by
personnel of the ICU during overlapping periods. All of the
four patients had persistent CV C-related candidemia. All of
the patients underwent CV C removal and received antifungal
therapy following the diagnosis of candidemia. Fungemia
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Table 1. Clinical characteristicsof four patientswith nosocomially-transmitted Candida parapsilosisfungemia.

Characteristic Patient 1 Patient 2 Patient 3 Patient 4

Age (years)/sex 73Imde 79femae 78/mde 73Imde

Underlying disease Intracranial infarction Cerebrovascular disease  Syncope Generdized

tonic-clonic seizure

Potential risk factorsfor candidemia®

cvC Yes Yes Yes Yes

Mechanic ventilation Yes Yes Yes Yes

Bladder catheter Yes Yes Yes Yes

Parenteral nutrition Yes Yes Yes Yes

BSA Yes Yes Yes Yes

VAP Yes No Yes Yes

Diabetesmellitus No No No No

Malignancy No No No No

No. of positive blood 3 (periphera veins) 2 (peripheral veins) 4 (periphera veins) 1 (periphera vein)

cultures (culture site)

Therapy

Antifungal therapy AMB, L-AMB, AMB Fluconazole, AMB
Caspofungin

Catheter removal Yes Yes Yes Yes

Catheter-related candidemia Yes Yes Yes Yes

Outcome

Candidemia Cleared Cleared Failed Cleared

Clinica Excitus Recovery Excitus Recovery

CVC, central venous catheter; ND, not determined; AMB, amphotericin B; L-AMB, liposomal amphotericin B; VAP, ventilation associated

pneumonia; BSA, broad spectrum antibiotics. 2Risk factors occurring within one week prior to the onset of candidemia.

Figurel. Random amplified polymorphic DNA fingerprints
of Candida parapsilosisclinical isolates. Lanes1to4, isolates
from the blood of patients, lane 5, C. parapsilosis clinical
isolate, lane 6, C. parapsilosisATCC 22019 reference strain.
laneM, lambdaHael Il molecular size marker.

cleared in two of the patients, but two of them died later asa
consequence of their underlying disease.

All of the C. parapsilosis strains isolated from blood
samples were identified in our laboratory by morphological
and biochemical methods that are used by many clinical
|aboratories. Recent studieshave shown that fungal 26SrDNA

and I TSregion sequence datafacilitate earlier and morereliable
identification than phenotypic methods. Oligonucleotide
primers based on the sequences of 18S or 26S rDNA have
been designed for PCR and used in the detection of fungi.
Unfortunately, these sophisticated molecular methods are
availableonly in reference laboratories.

Molecular epidemiology methods are required for the
demonstration of clona relationships among isolates. The
RAPD or arbitrarily primed polymerase chain reaction (AP-
PCR) andlysisistechnicaly smpleand often detectsvariations
among Candida spp. isolates that are not discriminated with
other typing methods. Though it has good discriminatory
capacity, low cost and is easy to use, morphotyping has low
reproducibility [20]. We used RAPD analysis to investigate
the molecular epidemiol ogy of blood isolatesrecovered from
the patientshospitalized in theNICU of atertiary care hospital.
The clinical value of a single procedure, such as RAPD
analysis, for determining both species and biotype is most
clear inthe areaof molecular epidemiol ogy. According to some
authors, given the increase in nosocomia infections caused
by Candida species, there is an urgent need for arapid and
simple procedurethat would alow for the analysis of both the
outbreaks and theincidence of person-to-person transmission
of these organisms [21]. As such, more in-depth subsequent
epidemiol ogical analysesarerequired to moreaccurately clarify
whether therearesimply genetic similaritiesin acharacteristic
cloned population among these isolates or whether hospital
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Figure 2. Nucleotide sequence of the D1/D2 region of the large (26S) subunit rRNA genes.
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