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Oral candidiasis in liver transplant patients:
species identification and antifungal susceptibility profile
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In Brief

Sabadin et al. demonstrated that most yeasts isolated from
patients who have undergone liver transplantation are susceptible
to the antifungal agents fluconazole, amphotericin B, and
micafungin. Fifteen patients presented with either atrophic or
pseudomembranous oral candidiasis. Candida albicans and
Candida glabrata were the most prevalent in these patients.
How to cite this article:

Sabadin CE, Da Matta DA, Hoppe L, Fernandes FA, Melo AS, Rigo L, et al. Oral
candidiasis in liver transplant patients: species identification and antifungal
susceptibility profile. einstein (Séo Paulo). 2024;22:eA00138.

einstein (Sao Paulo)



einstein

Official Publication of the Instituto Israelita
de Ensino e Pesquisa Albert Einstein

e-ISSN: 2317-6385

How to cite this article:

Sabadin CE, Da Matta DA, Hoppe L, Fernandes
FA, Melo AS, Rigo L, et al. Oral candidiasis in
liver transplant patients: species identification
and antifungal susceptibility profile. einstein
(Sa0 Paulo). 2024;22:eA00138.

Article extracted from the doctoral thesis of
the student Clarice Elvira Saggin Sabadin,
carried out in the Postgraduate Program in
Health Sciences, Universidade Federal de
S&0 Paulo, Sao Paulo, SP, Brazil.

Associate Editor:

Kenneth Gollob

Hospital Israelita Albert Einstein, Séo Paulo,
SP, Brazil

ORCID: https://orcid.org/0000-0003-4184-3867

Corresponding author:

Lilian Rigo

Rua Senador Pinheiro, 304, Vila Rodrigues
Zip code: 99070-220 - Passo Fundo, RS, Brazil
Phone: (55 54) 9992-70441

e-mail: lilian.rigo@atitus.edu.br

Received on:
Apr 26, 2022

Accepted on:
Sep 18,2023

Conflict of interest:
none.

Copyright the authors

[@D)sy |

This content is licensed

under a Creative Commons
Attribution 4.0 International License.

ORIGINAL ARTICLE

Oral candidiasis in liver transplant patients:
species identification and antifungal
susceptibility profile
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Lilian Rigo?, Dulce Aparecida Barbosa'

"Universidade Federal de Séo Paulo, Séo Paulo, SP, Brazil.
2 Meridional College, Passo Fundo, RS, Brazil.

DOI: 10.31744/einstein_journal/2024A00138

ABSTRACT

Objective: This study aimed to verify oral candidiasis, identify the causative species, and
investigate the antifungal susceptibility of yeasts isolated from liver transplant patients.
Methods: A descriptive analysis of 97 patients who underwent liver transplantation was
conducted at a hospital. Two clinical examinations (Collections A and B) of the oral cavity were
performed. Oral material was collected from all patients, inoculated in Sabouraud Dextrose
Agar, and incubated at 35°C for 48 hours. Samples were identified by molecular sequencing
of the internal trascribed space region of rDNA. Results: An antifungal susceptibility test with
fluconazole, amphotericin B, and micafungin was performed using the Clinical and Laboratory
Standards Institute yeast broth microdilution method. Among the patients, 15 presented with
oral candidiasis: eight in Collection A and seven in Collection B. The primary type of candidiasis
was atrophic, followed by pseudomembranous candidiasis. The most prevalent species was
Candida albicans (nine), followed by Candida glabrata (three), Candida tropicalis (two), and
Candida dubliniensis (one). Regarding susceptibility to fluconazole, of the 15 samples, 11
were susceptible, three were susceptible in a dose-dependent manner, and one was resistant.
Conclusion: The most commonly identified type of candidiasis was atrophic, with C. albicans
and C. glabrata being the most prevalent causative species. One fluconazole-resistant isolate
each of C. tropicalis and C. albicans were identified.

Keywords: Antifungal agents; Candida; Candidiasis; Liver transplantation; Candidiasis, oral

INTRODUCTION

Organ transplantation remains one of the most significant advances in modern
medicine. In many cases, it is the only therapeutic option for treating diseases
related to end-stage organ failure.’ In recent decades, the occurrence of
superficial and invasive fungal infections related to deaths and postoperative
failure in transplant recipients has increased significantly, with candidiasis
being the most common.”® Organ recipients must use immunosuppressive
therapy to prevent rejection; however, these drugs can harm the oral health of
some patients, creating conditions conducive to infections.!¥ Oral candidiasis
is frequent in liver transplant recipients since these patients represent a higher
risk category for oral infections due to the use of drugs that tend to weaken the
immune system, as well as to the delay in diagnosis owing to the non-specificity
of symptoms and methods for current diagnosis.
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Candida species are generally present as commensals
in the oropharyngeal and gastrointestinal tracts and
can cause a broad spectrum of serious diseases, ranging
from local infections to disseminated diseases.?
They are responsible for severe infections with a high
rate of morbidity and mortality.”? Lesions in the oral
cavity may present with different characteristics, such
as pseudomembranous, atrophic, hyperplastic, and
angular cheilitis, which may be accompanied by pain
and a burning mouth sensation.1?

Candida albicans is the most common species that
causes oral candidiasis. However, infections by other
Candida species have been reported to be increasing in
frequency. The most important include C. parapsilosis,
C. glabrata, C. krusei, C. lusitaniae, C. tropicalis, C.
dubliniensis, and C. auris.®'V Several of these species
are resistant to commonly used antifungal drugs, and
some have been proven to be highly virulent. Resistance
to antifungal therapy in some Candida species makes
managing oral candidiasis difficult.*!?)

Knowledge and epidemiological data regarding the
identification of Candida species and susceptibility to
antifungal agents in patients who have undergone a liver
transplant remains limited. Accurate identification of
agents, antifungal resistance testing, and epidemiological
surveys are essential for guiding therapy and determining
the prognosis of fungal diseases.*!'¥ This research is of
extreme clinical importance because invasive fungi have
emerged as a leading cause of disease in patients with
compromised immune systems. Lack of knowledge of
the species and sensitivity to antifungal agents may lead
to delays in proper intervention.

OBJECTIVE

This study aimed to verify the presence of oral
candidiasis, identify the species involved, and
investigate the antifungal susceptibility profiles of
yeasts isolated from patients who have undergone
liver transplantation.

METHODS

Study participants and sampling

All the participants involved provided written informed
consent. Ninety-seven patients who underwent liver
transplantation and attended the transplant outpatient
clinic of the Hospital Sao Vicente de Paula, Passo Fundo,
RS, Brazil, between May 2017 and May 2019 participated
in the study. The inclusion criteria were age >18 years,
six months post-transplantation, and no use of antifungal
agents. Sociodemographic data were recorded, and
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clinical examinations were performed on all patients
who met the inclusion criteria for verifying infection in
the oral cavity.

Oral material was collected twice after transplantation
in all patients, within six months between them, with
the first collection referred to as Collection “A” and the
second as Collection “B”. Patients who did not present
with oral candidiasis in any of the collections were
excluded from the study, the results of which have been
previously published by this working group.(

This study was approved by the Ethics and Research
Committee of Universidade Federal de Sdao Paulo
(CAAE: 50413815.2.0000.5505; # 1.319.387).

Yeast isolation and molecular identification

Oral material from all patients was collected using a
sterile swab and inoculated on Sabouraud Dextrose
Agar (SDA) (Becton Dickinson & Co. Sparks, MD,
USA) with chloramphenicol and incubated at 37 °C for
48 h. Samples that produced yeast colonies were stored
at -80°C in a YPD medium (1% yeast extract (BD),
2% BCA to peptone (BD), and 2% glucose-containing
glycerol (15% p/v)).

Yeast cells stored at -80°C were inoculated
on CHROMagar™ Candida plates (CHROMagar
Microbiology, Paris, France) for 48 h at 37°C to obtain
pure colonies and presumptive identification of Candida
spp. Molecular identification of Candida species was
performed by sequencing the I'TS region of rDNA. The
genomic DNA of the isolates was extracted using the
Ultra PrepMan Reagent® (Applied Biosystems, Inc.,
Foster City, CA, EUA) according to the manufacturer’s
instructions. Polymerase chain reaction (PCR) for
amplification of the ITS region was performed using
primers VI9G (5-TTACGTCCCTGCCCTTGTA-3’)
and LS266 (5’-GCATTCCCAAACAACTCGACTC-3").19
In the sequencing reaction, the same primers were used.
Sequencher software (version 4.1.4) used two to four
reads to obtain the consensus sequence. The sequences
obtained were cross-referenced with the NCBI
GenBank (https://www.ncbi.nlm.nih.gov/) using the
nucleotide Basic Local Alignment Search Tool (BLASTn)
to identify the isolates. An e-value <10° and identity
=98% were considered accurate parameters for
species identification.

Green colonies grown on CHROMagar™
Candida were subjected to molecular identification to
differentiate between C. albicans and C. dubliniensis.
The amplification of genomic DNA with species-specific
primers for each species was performed as described
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by Ahmad et al. with slight modifications. For the
amplification of the DNA fragments, 2ul. of CALF
primers (5-TGGTAAGGCGGGATCG-CTT-3’) + CALR
(5GGTCAAAGTTTGAAGA TATAC) for C. albicans
and CDUF (SAAACTTGTCACGAGATTATTTTT)
+ CDUR (5’AAAGTTTGAAGAATAAAAA) TGG
GC-3) for C. dubliniensis were used at a concentration
of 20umol; 2uL of template DNA and 100umol of each
dNTP. Primer pairs were used to identify C. albicans and
C. dubliniensis for separate PCR reactions. C-reactive
protein products were analyzed by 2% agarose gel
electrophoresis. The results were interpreted visually to
verify the presence and size of the amplified fragments;
100- and 325-bp fragments were used to identify C.
albicans and C. dubliniensis, respectively. 1

Antifungal susceptibility test

Antifungal susceptibility tests were performed
according to the Clinical and Laboratory Standards
Institute (CLSI) protocol M27ED4!® using the
broth microdilution technique against the antifungal
agents fluconazole, amphotericin B (SIGMA Pharma,
USA), and micafungin (Astellas Pharma). Antifungal
dilutions were performed with RPMI 1640 medium to
obtain final concentrations ranging from 0.03-16ug/mL
for amphotericin B and micafungin and from 0.125-
64ug/mL for fluconazole.

The reading criteria included the minimum
inhibitory concentration (MIC), which is the lowest
concentration capable of visually inhibiting 50%
of the growth of Candida spp. after treatment with
fluconazole and micafungin and 100% after treatment
with amphotericin B. Susceptibility test readings were
performed 24 hours after incubation and interpreted
following the CLSI document M6028? to determine
the clinical breakpoints. According to this document,
there is no defined breakpoint for amphotericin B.
Therefore, the clinical breakpoint used in this study
was described by Nguyen et al.?”

Statistical analysis
The data obtained were analyzed using IBM SPSS™
(version 20.0, Armonk, New York, USA).

RESULTS
Of the 97 patients included in this study, 15 (15.5%)
presented with oral candidiasis. The results of subsequent
analyses were obtained from these 15 patients. The age
range of the patients was 26 to 70 years, with an average

of 57.2 (DP £10.5). Most patients were male (73.4%),
and post-transplantation time ranged from 1.5 to 17
years, with an average of 8.6) years. Hepatitis C was
the main reason for transplantation (40%), followed
by hepatitis B (33.5%). Sixty percent of the patients
had skin lesions at the time of collection, 46.7%
had infectious diseases in the post-transplantation
period, and six had bacterial infections. All patients
used cyclosporine as an immunosuppressant, and
80% used partial or total dentures.

Sample collections took place in two stages, with
an interval of six months between them. In Collection
A, eight of 15 patients presented with candidiasis,
five had atrophic candidiasis (CA), and three had
pseudomembranous candidiasis (PC). In Collection
B, seven patients presented with candidiasis; five had
AC, and one had PC. Patients not infected in one of
the collections were colonized with yeast in the other
collection.

The yeasts were identified using molecular
sequencing. Of the five AC cases from Collection A,
three were caused by C. glabrata, one by C. albicans,
and one by C. tropicalis. Of the three PC cases, two
were caused by C. albicans and one by C. tropicalis.
Four of the five AC cases in Collection B were
caused by C. albicans, one by C. dubliniensis, and
100% of the PC cases were caused by C. albicans. In
summary, of the identified yeasts in the 15 patients,
nine were C. albicans, three were C. glabrata, two
were C. dubliniensis, and one was C. tropicalis. None
of the patients had candidiasis in the Collection A or
Collection B consecutive collection (Table 1). Notably,
two patients had species substitutions between the
Collection A and Collection B (Table 1).

Susceptibility tests were performed on 15 yeast
isolates from Collections A and B, present in patients
with candidiasis infection or colonization. All MIC
variations, MIC,, and MIC,; values, and susceptibility
categories are listed in table 2. The MIC, values for
C. glabrata, C. tropicalis, and C. dubliniensis were
not determined because the number of isolates was
deficient.

All the tested isolates showed low MICs for
amphotericin B and micafungin, suggesting that
Candida spp. have in vitro susceptibility to these two
antifungal agents. There are no defined breakpoints
for C. dubliniensis concerning micafungin; therefore,
we used the breakpoint values of C. albicans complex
as a reference to analyze the results,?” thereby
demonstrating that this species was susceptible to the
drugs in both collections.
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Table 1. Oral condition, type of candidiasis, and Candida species identified in
patients who underwent liver transplantation

Collection A

Collection B

Patients — . — .
Oral condition Species Oral condition Species
P18 PC C. glabrata Col C. glabrata
P26 AC C. albicans Col C. albicans
P38 PC C. tropicalis Col C. glabrata
P47 PC C. glabrata Col C. glabrata
P87 #C C. glabrata Col C. albicans
P33 PC C. albicans Col C. albicans
P79 AC C. albicans Col C. dubliniensis
P61 AC C. tropicalis Col C. tropicalis
P72 Col C. albicans CA C. albicans
P07 Col C. albicans PC C. albicans
P20 Col C. dubliniensis CA C. dubliniensis
P57 Col C. albicans CA C. albicans
P85 Col C. albicans PC C. albicans
P28 Col C. albicans CA C. albicans
P43 Col C. albicans CA C. albicans

P: patient; AC: atrophic candidiasis; PC: pseudomembranous candidiasis; Info: oral infection; Col: oral colonization

Fluconazole was the only antifungal agent with
different susceptibility patterns in the studied yeasts.
In Collection A, one isolate of C. albicans, three of
C. glabrata, and one of C. tropicalis were susceptible
to fluconazole in a dose-dependent manner, one C.
tropicalis was resistant, and the others were susceptible
to all antifungal agents.

In Collection B, two isolates of C. albicans, three
of C. glabrata, and one of C. tropicalis were susceptible
to fluconazole in a dose-dependent manner; one C.
albicans isolate was resistant, and the others were
susceptible to all antifungal agents. Although there are
no defined breakpoints for C. dubliniensis, a rare and
cryptic species, all MIC values suggest susceptibility.

All the patients with oral candidiasis were previously
treated with topical nystatin for 30 days. One patient
with CA presented with a fluconazole-resistant C.
tropicalis isolate in the Collection A. Despite the nystatin
treatment, in the Collection B, this patient presented with

Table 2. Antifungal susceptibility profile of isolates of Candida spp. of patients with oral candidiasis who underwent liver transplantation

Collection A (n=15)

Species Antifungal M:ﬁg\;:::-a)tion (}Ilng/ﬁ:‘Il.) “JMQI/%tI)_) Senn?j/: i)ve ns?,/?) Resistant n (%)
C. albicans (n=9) Fluconazole 0.125-8 0.25 4 8(33.9) 1(11.1)
Amphotericin B 0.25-2 0.5 1 9(100)
Micafungin 0.03-0.5 0.03 0.03 9(100)
C. glabrata (n=3) Fluconazole 0.125-4 0.25 3(100)
Amphotericin B 0.25-1 1 3(100)
Micafungin 0.03-0.5 0.03 3(100)
C. dubliniensis (n=1) Fluconazole 05 0.5 1(100)
Amphotericin B 05 05 1(100)
Micafungin 0.03 0.03 1(100)
C. tropicalis (n=2) Fluconazole 48 4 1(50) 1(50)
Amphotericin B 0.5-1 05 2(100)
Micafungin 0.03-0.03 0.03 2(100)
Collection B (n=15)
C. albicans (n=9) Fluconazole 0.125-8 0.25 8 6(66.7) 2(22.2) 1(711.1)
Amphotericin B 0.25-2 05 1 9(100)
Micafungin 0.03-0.5 0.03 0.03 9(100)
C. glabrata (n=3) Fluconazole 0.5-1 05 3(100)
Amphotericin B 0.25-1 1 3(100)
Micafungin 0.03-0.5 0.03 3(100)
C. dubliniensis (n=2) Fluconazole 0.1252 05 2(100)
Amphotericin B 0.5-1 0.5 2(100)
Micafungin 0.03-0.03 0.03 2(100)
C. tropicalis (n=1) Fluconazole 4 4 1(100)
Amphotericin B 0.06 0.06 1(100)
Micafungin 0.03 0.03 1(100)

MIC: minimum inhibitory concentration; C: Candida; SDD: dose-dependent sensitivity; MIC, : antifungal concentration able to inhibit 50% of all isolates tested; MIC,: antifungal concentration able to inhibit 90% of all isolates tested.
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C. glabrata colonization after treatment with fluconazole
(MIC = 8ug/mL).

In the Collection A, one patient presented
with CA caused by C. glabrata and presented with
a fluconazole-resistant isolate of C. albicans after
six months. In another patient with PC, C. tropicalis
isolates susceptible to fluconazole in a dose-dependent
manner were identified in Collection A. After six
months, the patient remained colonized by the same
isolate of C. tropicalis.

DISCUSSION

This descriptive study aimed to verify the presence
of candidiasis in patients who underwent liver
transplantation, identify the species causing the
disease, and test the efficacy of each class of antifungal
agents commonly used in therapy for invasive fungal
infections caused by yeasts. We analyzed 97 patients six
months post-liver transplantation, and 15.47% of them
presented with oral candidiasis during two collection
periods within a six-month interval, showing that this is
an opportunistic infection that can occur at any time post-
transplantation. This finding aligns with a similar study
conducted in Iran, which identified candidiasis in 16%
of patients who underwent liver transplantation.??
Furthermore, previous studies’ results demonstrated
that the prevalence of oral candidiasis in patients who
have undergone solid organ transplants ranges from
15-349%.2*2 This study found a higher prevalence of
candidiasis than Lopez-Pintor et al.,*® who reported
candidiasis infection in 7.4% of patients who underwent
kidney transplantation, indicating that the incidence
of fungal infections is higher in patients receiving liver
transplantation. Notably, the frequency of oral and
oropharyngeal candidiasis infections has increased
dramatically in recent decades, mainly because of an
increase in the number of patients with compromised
immune systems.®)

In the present study, most patients (53.4%)
had AC, similar to that observed in other studies.
Zhang et al.?” showed that patients with complete
dentures who underwent kidney transplantation were
more prone to candidiasis and angular cheilitis than
healthy individuals with the same type of prosthesis.
Candida albicans is responsible for most cases of oral
candidiasis infections; however, other species, such
as C. glabrata, C. krusei, C. tropicalis, C. parapsilosis,
and C. dubliniensis, have been frequently identified
as causing the disease.® In this study, of the 15 cases
of candidiasis, C. albicans (63.9%) was the most
prevalent species causing infections, followed by C.

glabrata (18.5%). Similar data were found in previous
studies in various regions worldwide.®27

Candida glabrata and C. tropicalis are the second
and third most prevalent species identified in this study
(25.3%), similar to studies conducted by Sahebjamee et
al.?Y and Zarei et al.,*® which found that approximately
22% of candidiasis infections not caused by C.
albicans are caused by these two species. The present
study identified one case of candidiasis caused by C.
dubliniensis, which is consistent with the findings of
Chavasco et al.,®” who also identified this species in
two cases of oral candidiasis.®”

A study of HIV-positive children in Chile showed
that C. glabrata (33%), followed by C. albicans (27%),
was the most common cause of oral candidiasis
infection. Castillo-Martinez et al.®” identified oral
candidiasis in 14% of patients who underwent bone
marrow transplantation, and Nishii et al.®V identified
oral candidiasis in 41.7% of patients who underwent
radiotherapy in a study in Japan.

The number of C. albicans isolates decreased, and
the number of C. glabrata and C. parapsilosis isolates
increased over time in cases of invasive candidiasis.(43?
The most prevalent species in the present study and most
other studies was C. albicans, with it being responsible
for approximately 50% of all infections; however, C.
glabrata, C. tropicalis, C. parapsilosis, and C. krusei are
also important infectious agents.(¢33-3%

The present study identified C. dubliniensis in 8.5%
of patients using a species-specific PCR to differentiate
this species from C. albicans. Chavasco et al.®” identified
C. dubliniensis in 5.4% of patients using PCR, in which
samples had been mistakenly identified as C. albicans
by the classical method, thus demonstrating that PCR
is more effective in elucidating the epidemiology of C.
dubliniensis and establishing its clinical significance.

Recently, antifungal susceptibility testing has
revealed new agents and new standardized test
methods have been developed by the Antifungal
Susceptibility Testing Subcommittee of the CLSI®® and
European Committee of Antimicrobial Susceptibility
Testing (EUCAST)," through which the knowledge
of susceptibility can be improved, especially for
opportunistic pathogens.¥

In the present study, one colonizing isolate of C.
albicans and C. tropicalis that caused infection showed
resistance to fluconazole. Goular et al.®® found
fluconazole-resistant Candida species in 1% of all strains
observed, which is consistent with the findings of this
study. Orasch et al.®® found fluconazole susceptibility
in 90% of the strains of C. albicans, C. glabrata, C.
tropicalis, and C. parapsilosis; Pfaller et al.'¥ observed
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the highest rates of fluconazole-resistant isolates in C.
glabrata in North America (10.6%) and in C. tropicalis
in the Asia-Pacific region (9.2%), and reported a steady
increase in fluconazole-resistant isolates of C. glabrata
throughout 20 years of studies in the United States. For
echinocandins, resistance results ranged from 3.5% for
C. glabrata to 0.1% for C. albicans and C. parapsilosis,
which were lower than those in this study. A study by
Orasch et al.®® reported high micafungin resistance in
C. glabrata (2.8%) and C. tropicalis (1.3%). Modrzewska
et al.®” revealed that almost all strains were susceptible
to nystatin (97.9%) and amphotericin B (72.3%) and
resistant to fluconazole (72.3%) and ketoconazole
(57.5%). Therefore, it is necessary to determine the
fungal species and their antifungal susceptibility for
more effective therapy. Prophylactic administration of
fluconazole often leads to an increase in the number
of fluconazole-resistant strains.®” In this study, most
isolates were susceptible to all antifungal agents;
however, one isolate of C. tropicalis and C. albicans was
resistant to fluconazole, suggesting a risk of invasive
fungal infection by yeasts resistant to this drug, which
were present in the oral cavity of patients.

Despite our promising results, this study had two
limitations. First, it was not possible to standardize the
time of the first post-transplant collection for all patients
owing to the study design, and it was only possible to
standardize the six-month interval between the two
collection periods. Second, there was a lack of patient
history and clinical information regarding the previous
use of azoles. However, we believe this study makes
a significant contribution to the existing literature, as
it is the first regional investigation to determine the
prevalence of oral candidiasis and accurately identify
the species causing infections based on molecular
methods, as well as their behavior against the action of
azoles. In addition, this study offers insights for clinical
staff on the emergence of in vitro-antifungal-resistant
strains, which may enable more effective treatment of
patients with oral candidiasis. Furthermore, this study
reports the emergence of resistance in these species,
which may result from increased use of azoles in
prophylactic therapy.

CONCLUSION

The primary type of candidiasis identified in patients
who underwent liver transplantation is atrophic
candidiasis, with the most prevalent causative species
being C. albicans and C. glabrata. Even in the absence
of clinical signs of candidiasis, all patients had an oral
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cavity colonized by species of Candida, either before or
after infection and treatment, demonstrating that this
yeast was common in the patients who participated in
this study. Most isolates were susceptible to antifungal
agents; however, one isolate of C. tropicalis and C.
albicans was resistant to fluconazole.
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