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Abstract

This paper presents data on fungal peritonitis (FP) in patients undergoing peritoneal
dialysis (PD) at the University Hospital of Botucatu Medical School, Sao Paulo, Brazil. In
a total of 422 patients, 30 developed FP, from which the medical records and the fun-
gal isolates of 23 patient cases were studied. All patients presented abdominal pain,
cloudy peritoneal effluent, needed hospitalization, had the catheter removed and were
treated with fluconazole or fluconazole plus 5-flucitosine; six of them died due to FP. Con-
cerning the agents, it was observed that Candida parapsilosis was the leading species
(9/23), followed by Candida albicans (5/23), Candida orthopsilosis (4/23), Candida tropi-
calis (3/23), Candida guilliermondii (1/23), and Kodamaea ohmeri (1/23). All the isolates
were susceptible to amphotericin B, voriconazole and caspofungin whereas C. albicans
isolates were susceptible to all antifungals tested. Resistance to fluconazole was ob-
served in three isolates of C. orthopsilosis, and dose-dependent susceptibility to this
antifungal was observed in two isolates of C. parapsilosis and in the K. ohmeri isolate.
Biofilm production estimates were high or moderate in most isolates, especially in C.
albicans species, and low in C. parapsilosis species, with a marked variation among the
isolates.

This Brazilian study reinforces that FP in PD is caused by a diverse group of yeasts,
most prevalently C. parapsilosis sensu stricto species. In addition, they present significant
variation in susceptibility to antifungals and biofilm production, thus contributing to the
complexity and severity of the clinical features.
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Introduction

Fungal peritonitis (FP) is a serious complication in patients
with chronic renal failure undergoing peritoneal dialysis
(PD). Despite scientific and technological developments in
the systems, these infections are still an important cause
of the technical failure in PD.!~* Bacterial infections are
responsible for about 80% of the episodes of PD-related
peritonitis, compared with approximately 2% to 16% of
the cases due to FP, and usually occur in patients with prior
exposure to bacterial infections and antibiotics.’~% FP has
a worse prognosis when compared to bacterial peritonitis,*
since it might causes irreversible damage in the peritoneal
membrane that results in a PD cessation that may be tem-
porary but is frequently permanent.*” In addition, FP is
associated with higher rates of morbidity and mortality,
ranging from 5% to 53% of cases.” 12

Among the pathogenic or opportunistic fungi, the main
causes of FP in PD are species of the genus Candida.'?'* Al-
though Candida albicans is the most common species caus-
ing fungal peritonitis, in recent years, an increase has been
observed in the cases attributable to Candida parapsilo-
sis and other Candida species, as well as some uncommon
yeasts species, which frequently present distinct antifungal
susceptibility that requires more aggressive treatments.'3~17

The present work aimed to identify the fungal species
causing peritonitis in patients undergoing PD in a tertiary
public university hospital, located in Botucatu, Brazil, South
America, over a 16-year period. The biofilm production and
antifungal susceptibility profiles were also studied. To the
best of our knowledge, this is the first Latin American study
with these goals.

Materials and methods

Sampling and patient data

This retrospective study was carried out in patients under-
going PD at the University Hospital of Botucatu Medical
School, Sao Paulo, Brazil, between 1994 and 2010, which
present FP, diagnosed by the clinical symptoms (abdominal
pain or cloudy dialysate, dialysate white cell count >100/ul
with at least 50% neutrophilic cells) and fungal positive cul-
ture of dialysate. Death related to peritonitis was defined
according to the International Society for Peritoneal Dial-
ysis (ISPD) guidelines, as death of a patient with active
peritonitis, or admitted with peritonitis, or within 2 weeks
of a peritonitis episode.® Exclusion criteria were incomplete

information and/or occurrence of repetitive fungal infection

in the same one-month period. Additional patient data and
information on the local dialysis service can be obtained
in Barretti et al. (2012) and Camargo et al. (2014).'%:1°
All the isolates studied were maintained in the culture col-
lection of the Department of Microbiology and Immunol-
ogy, Biosciences Institute of Botucatu, UNESP. This study
was approved by the local Research Ethics Committee (Of.
535/2011).

Morphophysiological identification

The isolates were initially cultured on Sabouraud dex-
trose agar (SDA) medium (Oxoid®) and incubated at
35°C, for 48 to 72 hours, to ensure their purity. Sub-
sequently, each isolate was cultured on chromogenic
medium (CHROMagar Candida BD®), and submitted to
the auxanogram tests for carbon and nitrogen assimilation
profiles.

Molecular identification

DNA was extracted from isolates cultured on SDA for 36 h
at 35°C, according to McCullough et al. (2000)?° and its
concentration estimated on agarose gel with Low Mass
DNA Ladder marker (Invitrogen®) and also in NanoVue
(GE Healthcare®). The rDNA sequences were analyzed by
PCR amplification and sequencing of region ITS1-5.8S-
ITS2, using primers ITS4 and ITS5, and in inconclusive
cases, also the region D1/ D2 26S of rDNA, using primers
D1 and D2, described by White et al. (1990)?' and Kurtz-
man and Robnett (1998)?2, respectively. The amplicons
were purified using GFX PCR DNA and Gel Band Purifica-
tion Kit (GE Healthcare®), according to the manufacturer’s
guidelines; its DNA concentration adjusted to 10 ng/ul,
and then sequenced using TagDyeDoxy Terminator Cy-
cle Sequencing Kit (Applied Biosystems) in an automated
sequencer (ABI-PRISM 377). Sequences were analyzed by
BioEdit and Mega 6.0, manually edited if necessary, and
then compared to the NCBI database, by the tool Blast
(http://blast.ncbi.nlm.nih.gov/Blast).?> The species identi-
fication process considered only the alignments that pre-
sented sequence identity of >98.5%, as proposed by Irinyi
et al. (2015)%*, and with matching sequences published
in peer-reviewed journals, originated from reference iso-
lates (ATCC or CBS strains) or deposited at ISHAM-ITS
database.
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Biofilm production

The production and quantification of biofilm were per-
formed according to the protocol described by Chandra
et al. (2008)%°, using silicone disks (Kinner®), produced
by the same material as hospital catheters. The biofilm
adhering to the disks was quantified using XTT (2.3-
Bis (2-methoxy-4-nitro-5-sulfophenyl)-2 H-tetrazolium-5-
carboxanilide inner salt (Sigma-Aldrich®) and menadione
(Sigma-Aldrich®), by the tetrazolium reduction reaction,
which in the presence of biofilm produces orange formazin,
whose color intensity was determined on a spectrophotome-
ter with a filter at 492 nm to measure the cellular metabolic
activity of biofilm. Positive and negative controls were rep-
resented by a strain of Candida albicans (ATCC 36802) and
a blank reference (without the inoculum), respectively. The
results were expressed as the mean of the Optical Densities
(ODs), obtained in quadruplicate for each isolate, which
were then classified as low, moderate, and high biofilm-
forming, according to the respective terciles, which were
arbitrarily estimated considering the arithmetic means of all
isolates and species together, adapted of Marcos-Zambrano
et al. (2014).26

Antifungal susceptibility

The antifungal susceptibility profile was evaluated against
amphotericin B (Sigma-Aldrich®), fluconazole (Sigma-
Aldrich®), voriconazole (Sigma-Aldrich®), and caspofun-
gin (Merch Co®), by the microdilution method described
by the Clinical and Laboratory Standards Institute Proto-
col (CLSI M27-A3 and M27-54)2728 for determining the
minimum inhibitory concentration (MIC). The susceptibil-
ity breakpoints for fluconazole, voriconazole and caspo-
fungine were those established by CLSI M27-S4. In the
case of amphotericin B, it was considerate S < 2 ug/ml and
R for >2 ug/ml. In the case of K. ohmeri, it was adopted
the breakpoints values already established by CLSI to the
phylogenetically related species C. guilliermondii. The test
was validated by ATCC 22019 (C. parapsilosis) and ATCC
6258 (C. krusei) as control strains.

Statistical analysis

The nonparametric test of Kruskal-Wallis and One-Way
Analysis of Variance on Ranks followed by Dunn’s pairwise
multiple comparison procedure were carried out for both
the biofilm production (in which the dependent variable
was optical density values) and the antifungal susceptibility
tests (with MIC values as the dependent variable), with
significance when P < .05.

Results

Between 1994 and 2010, in a total of 422 patients under-
going PD at the service, it was observed that 685 cases
of peritonitis, of which 30 episodes (4.4%) were caused
by fungi. Each patient had only one FP episode. After ap-
plying the exclusion criteria, it was here studied only the
FP cases (n = 23) in which the patient medical records
and the isolates were available for additional microbiolog-
ical evaluations. Of the 23 cases, 14 patients were treated
by continuous ambulatory peritoneal dialysis (CAPD) and
nine by automated peritoneal dialysis (APD). In 20 of them,
FP occurred after previous bacterial peritonitis, which were
treated with antibiotics, and in three cases the primary in-
fections were by fungus. The patient ages varied from 2
to 72 years (54.8 + 16.8), 61% were male, 48% were di-
abetics. During the FP, all patients presented abdominal
pain, cloudy peritoneal effluent, and needed hospitaliza-
tion. Some of them also presented nausea and vomiting
(65%), hypotension (26%), and fever (22%). As soon as
FP was confirmed, all the patients had the catheter removed
and were treated with fluconazole or fluconazole plus 5-
flucitosine; however, six of them (26.1%) died due to the
fungal infection, of which five were treated by CAPD and
one by APD (Table 1 and Table S1). Peritoneal dialysis was
discontinued in all patients.

The morphophysiological identification by means of
CHROMagar medium and auxanogram tests, detected 12
(52%) isolates of Candida parapsilosis, 5 (22%) of Candida
albicans, 3 (13%) of Candida tropicalis and 3 (13%) incon-
clusive isolates. Molecular identification by ITS1-5.8S-ITS2
rDNA sequencing not only corroborated the majority of the
morphophysiology identifications but also correctly identi-
fied the isolates 4, 10, and 13 as C. orthopsilosis, which
had been classified erroneously by morphophysiology as C.
parapsilosis. In addition, the sequencing of ITS1-5.8S-1TS2
allowed the identification of the three morphophysiologic
inconclusive isolates (6, 8, and 14 isolates), whose identities
were also confirmed by sequencing of the D1/D2 of rDNA
regions, finding the following taxa: Kodamaea obmeri (iso-
late 6), C. orthopsilosis (isolate 8) and C. guilliermondii
(isolate 14) (Table S2, supplementary material, also con-
taining the Genbank accession numbers of the deposited
sequences). Thus, it was found that of the 23 isolates stud-
ied, 9 (39%) are C. parapsilosis, 5 (22%) C. albicans, 4
(17%) C. orthopsilosis, 3 (13%) C. tropicalis, 1 (4%) C.
guilliermondii, and 1 (4%) K. ohmeri (Table 1).

The biofilm production was also evaluated in the 23 iso-
lates. Based on the average optical densities (ODs) observed,
the isolates were classified into three groups showing: (i) low
biofilm-forming (OD less than 0.12); (ii) moderate biofilm-
forming (OD of 0.12-0.20), or (iii) high biofilm-forming
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Table 1. Main findings of the patients in peritoneal dialysis that develop fungal peritonitis at the University Hospital of Botucatu

Medical School, Sao Paulo, Brazil.

Patient Datal

Mycological findings and clinical outcome?

Patient Age Sex Diabetes Dialysis* Agent Fluco® Biofilm** Death
1 43 F no APD Candida albicans S High no
2 72 M no CAPD C. parapsilosis S High no
3 70 M yes APD C. parapsilosis S Low no
4 41 M no CAPD C. orthopsilosis R High no
5 68 F yes CAPD C. parapsilosis S Medium No
6 71 M yes CAPD Kodamaea ohmeri DDS High Yes
7 55 F no CAPD C. albicans S High Yes
8 68 F yes APD C. orthopsilosis S Medium Yes
9 60 M yes APD C. tropicalis S High No
10 58 M yes APD C. orthopsilosis R High No
11 36 F no CAPD C. albicans S High No
12 43 M no CAPD C. albicans S High No
13 46 F yes CAPD C. orthopsilosis R High Yes
14 70 M yes APD C. guilliermondii S High No
15 66 F no CAPD C. parapsilosis DDS Low No
16 36 F no CAPD C. parapsilosis S Low Yes
17 56 M no APD C. parapsilosis DDS Medium No
18 66 M yes APD C. parapsilosis S Low No
19 67 F no CAPD C. parapsilosis S Low Yes
20 55 M yes CAPD C. parapsilosis S Low No
21 71 M yes CAPD C. albicans S High No
22 2 M no CAPD C. tropicalis S High No
23 42 M no APD C. tropicalis S Low No

!Near all patients presented abdominal pain, turbid liquid and needed hospitalization.

2 All patients had catheter removal and were treated with Fluconazole or Fluconazole + 5 Flucitosine.

3Fluconazole susceptibility (S = suscecptible; R = resistant; DDS = dose-dependent susceptible).
*Automatic Peritoneal Dialysis (APD) and Continuous Ambulatory Peritoneal Dialysis (CAPD).
**Biofilm production (P < 0.03, significant comparison between C. albicans and C. parapsilosis).

(OD greater than 0.20). Higher biofilm production was ob-
served in C. albicans when compared with C. parapsilosis
(P < .05), which also presented variation in biofilm forming
capacity among the isolates (Table 1 and Figure 1).

With regard to the in vitro susceptibility profiles, it was
observed that all isolates were susceptible to voriconazole,
caspofungin, and amphotericin B. C. albicans isolates were
susceptible to all antifungals tested. In relation to flucona-
zole, we observed resistance in three isolates of C. orthop-
silosis, dose-dependent susceptibility in two isolates of C.
parapsilosis and in the K. obmeri isolate (Table 2).

Discussion

Fungal peritonitis, although less frequent than its bacte-
rial counterpart, is associated with increased morbidity and
mortality, and frequently causes the interruption of peri-
toneal dialysis due to the necessity of catheter removal.!~1#
Although all the patient cases herein had been hospital-

ized and treated with antifungals, death occurred in 6/23 of
them.

The correct identification of fungal pathogens by the
classic and/or conventional methods, as well as by the auto-
mated procedures, has become progressively more difficult,
especially due to the emergence of new fungal species that
are, in some cases, still considered rare.?’-3° This is partic-
ularly true for species that require several days or weeks
for growing and present poor morphological structures
and difficulties in the interpretation of their auxanogram
and zymogram tests. On the other hand, molecular tech-
niques have already been proven highly efficient at provid-
ing innovative complementary procedures for the diagnosis
and identification of fungal species, mainly because they
are faster and offer greater sensitivity and conclusiveness
than traditional phenotypic methods.?! The present data
highlight the excellent discriminatory capacity of molecu-
lar techniques, since they properly differentiate the psilo-
sis isolates and also correctly define the taxa of three
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Figure 1. Biofilm production of yeast isolates obtained from patients undergoing peritoneal dialysis, at the University Hospital of Botucatu Medical

School, Sao Paulo, Brazil, expressed by the optical densities (OD).

inconclusive isolates, previously evaluated by the tradi-
tional identification procedures. These methods also al-
lowed the identification of a relatively rare yeast species,
named Kodamaea (Pichia) obmeri, which also belongs to
the family Sacharomycetae. This species, which has been
used in the food industry, in the fermentation of fruits and
pickles, among others, and considered a contaminant by
medical mycologists, has been sporadically isolated from
important clinical cases, such as endocarditis, peritoni-
tis, and fungemias, especially in immunocompromised pa-
tients, 323

By the sequential use of morphophysiological and molec-
ular techniques in the present study, we have observed a
high prevalence of psilosis group species (56%), of which
C. parapsilosis predominates with 39% versus 17% for
C. orthopsilosis; C. albicans was second (22%) and C.
tropicalis the third (13%) most frequent species. In ad-
dition, two other species were found at a lower preva-
lence, namely, C. guilliermondii and K. obmeri, one case
each.

The set of species herein identified as causing FP in pa-
tients undergoing PD presents some epidemiologic aspects
in common with other studied regions, such as the occur-
rence of yeast species belonging mainly to the genus Can-
dida and a tendency for species of the psilosis group to be

t.2-11:3¢ A study conducted over a three-year

predominan
period in Jerusalem, Israel, has shown that C. parapsilo-
sis was responsible for 43.8% of the all FP cases and an
increase in the prevalence of C. parapsilosis infections in
pediatric patients submitted to PD.3” In Taiwan, in 2004,
it was reported that C. parapsilosis was the most com-
mon pathogen causing FP, accounting for 29% of the cases,
while C. albicans occurred in 14% of the cases.’® Among
the 10 observed cases of FP in another study, conducted
over a 10-year period in Spain involving 175 chronic re-
nal patients submitted to PD, the most common agent was
C. parapsilosis (4/10), followed by C. albicans (2/10), and
C. tropicalis, C. glabrata, C. famata and Fusarium sp., one
case each.?’ To explain this high presence of C. parapsilosis
sensu stricto in certain clinical samples, some authors have
proposed that this species is better adapted to the human
environment as a skin commensal and thus can be eas-
ily transmitted from person to person, especially through
manual contact by health professionals with patients that
require intensive use of medical devices such as catheters.*
According to this hypothesis, C. orthopsilosis and espe-
cially C. metapsilosis are found in smaller quantities in
these samples because they are not related to human com-
mensalism and present ecological niches not associated with

mammals.*0-42
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Table 2. Antifungal susceptibility in vitro of yeast species iso-
lated from patients undergoing peritoneal dialysis, at the Uni-
versity Hospital of Botucatu Medical School, Sao Paulo, Brazil.

Antifungals (ug/ml)

Yeast (n) range MIC S DDS R

Candida parapsilosis (n = 9) Am B (1) 9
Flu (0.125-4) 7 2 -
Vor (0.06-0.125) 9
Cas (0.125-1) 9
Candida orthopsilosis (n = 4) Am B (0.5-1)
Flu (0.125-32)%
Vor (0.03-0.06)
Cas (0.03-1)

FN SN
I
I

Candida albicans (n = 5) Am B (0.5-1)
Flu (1-2)
Vor (0.03)

Cas (0.06-0.125)

[ R N )
|
|

Candida tropicalis (n = 3) Am B (1-2)
Flu (1-2)
Vor (0.03-0.06)

Cas (0.125-0.06)

W W W W
|
|

Candida guilliermondii (n = 1) Am B (2)
Flu (8)
Vor (0.06)

Cas (1)

e
|
|

Am B (0.5) 1 - -

Flu (32)
Vor (0.125) 1 - -
Cas (0.06) 1 - -

Kodamaea obmeri (n = 1)

|
—_
|

n: number of isolates; AmB: amphotericin B; Flu: fluconazole; Vor: voricona-
zole; Cas: caspofungin; S: susceptible; DDS: dose-dependent susceptibility; R:
resistant; *P<.05 (significant comparison between Candida orthopsilosis vs.
Candida parapsilosis).

Biofilm production is the one of the most important vir-
ulence factors exhibited by yeasts, most commonly in pa-
tients using a catheter or other medical devices, and can
be estimated through various methods, including XTT,
which measures metabolic activity of cells forming the
biofilm.?%>*3 We have noted herein that isolates of C. albi-
cans species were the largest producers of biofilm, whereas
the isolates of C. parapsilosis species presented the lowest
production, though with a marked variation among the iso-
lates. Douglas et al. (2003), Ramage et al. (2012). and Silva-
Dias et al (2015)*-% also observed greater in vitro biofilm
production in isolates of C. albicans and lower produc-
tion in C. parapsilosis. It is also important to note that high

biofilm production also occurred in some isolates from non-

albicans group, including C. tropicalis and C. orthopsilosis
and in those considered rare species, such as K. obhmeri
and C. guilliermondii, although without statistical signifi-
cance, due to the low number of isolates evaluated in these
groups.

In relation to the antifungals herein tested, echinocandin
(caspofungin) and the voriconazole proved to be effective in
all isolates of the several species, therefore confirming that
these antifungals have a wide spectrum of action against
these agents. The results on fluconazole draw our attention
to the decreased susceptibility, especially in the isolates of
C. orthopsilosis species, which differed statistically from
those of C. parapsilosis, probably indicating a biological
feature of this cryptic species. In addition, the widespread
use of fluconazole prophylaxis against fungal infections in
immunocompromised patients, and in the treatment of FP
in most specialized centers may have favored the selection of
strains that present resistance or decreased susceptibility to
this antifungal, especially non-albicans Candida species.*’
The literature contains other reports indicating that C. or-
thopsilosis and C. metapsilosis species are less susceptible to
fluconazole.*®>4” The isolate of K. obmeri species presented
dose-dependent susceptibility to fluconazole, corroborating
previous studies that indicate a probable natural resistance
of this species to fluconazole.3>=3* These findings should be
an alert for the nephrologists working in PD, since flucona-
zole is one of the antifungals proposed for treatment of FP,
according to international guidelines.®

Considering the data as a whole and looking to the pa-
tients’ outcomes that include six fatalities, it is interesting
to note the particular importance of the psilosis group and
also the occurrence of the “rare” species K. obmeri. In ad-
dition, the susceptibility to fluconazole also seems to be
relevant, since this was the antifungal chosen for the treat-
ment in all patients, while resistance and dose-dependent
susceptibility were observed mainly in these critical
cases.

In conclusion, the results of this study indicate that dif-
ferent yeast species are causing FP in patients undergo-
ing PD, with a clear prevalence of C. parapsilosis sensu
stricto species. In addition, by presenting variations in sus-
ceptibility to antifungals and a wide range in biofilm pro-
duction levels, these yeasts might exhibit different man-
ners of infecting and interacting with the host, thus con-
tributing to the complexity and severity of the clinical fea-
tures. The correct identification and characterization of
these agents, besides providing improvements in the treat-
ment protocols of PD-related FP, may also offer valuable
clues about how to avoid new infections, thereby produc-
ing positive impacts on quality of life and survival of the
patients.
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