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Fungal peritonitis is frequent on peritoneal dialysis, with rare cases by Exophiala dermatitidis. A 25-month-old
female admitted to the pediatric ICU with acute renal failure was submitted to peritoneal dialysis. After 10 days
patient presented fever. Peritoneal fluid culture showed yeast colonies molecularly identified as E. dermatitidis.
Patient was treated with voriconazole and hemodialysis. The literature was reviewed. Disseminated infections
are frequently fatal, but appropriate diagnose and therapeutic led to cure in this case.

1. Introduction

Phaeohyphomycosis covers a heterogeneous group of mycotic in-
fections caused by dematiaceous fungi and characterized by the pre-
sence of melanized hyphal elements, yeast-like cells, or a combination
of these in the host tissue. According to the extent and depth of inva-
sion, the disease is classified as superficial, subcutaneous, systemic and
cerebral [1]. Among the more important human pathogens are species
of the genera of the order Chaetothyriales (black yeasts and relatives),
such as Cladophialophora, Exophiala, Fonsecaea, Phialophora [1,2]. Some
of the agents of phaeohyphomycosis are commonly encountered in
nature as plant saprobes and nearly always infect immunocompromised
patients, while members of the order Chaetothyriales mostly occupy
hostile habitats and are able to cause infections both in im-
munocompromised and immunocompetent individuals [1]. Averaged
over all melanized fungi, the number of cases has increased particularly
in immunosuppressed patients [1-3].

A considerable number of cases have been published of cerebral
phaeohyphomycosis in immunocompetent patients with no obvious risk
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factors identified [1]. Opportunistic fungus pathogens may lead to in-
fection if additional predisposing factors are present [2]. As reported by
Alabaz et al. [3], the risk of infection may also depend on the kind of
contact, the fungal mass associated, and the patient's immune status.
Malnutrition, genetic factors, and cystic fibrosis all have been estab-
lished as risk factors for the respiratory tract colonization and dis-
semination. Although cerebral infection is the prevalent form of sys-
temic phaeohyphomycosis, other localized deep forms of the disease
such as arthritis and endocarditis have been reported. Disseminated
infection is uncommon, but its incidence is increasing, particularly
among immunocompromised individuals [1].

Cutaneous, subcutaneous, and corneal infections by members of
Chaetothyriales occur worldwide, but are more common in tropical and
subtropical climates. Traumatic cases generally occur in im-
munocompetent individuals. Another possible route of infection is
through inhalation [1,2,4].

The genus Exophiala comprises a significant number of species po-
tentially causing a variety of infections. The main species involved are
Exophiala dermatitidis, E. xenobiotica and E. oligosperma [4]. Exophiala
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(Wangiella) dermatitidis presents high phenotypic plasticity, growing as
yeast, with hyphae, or in meristematic cells [5]. Melanin in its cells
walls and extracellular polysaccharides are important virulence factors
of E. dermatitidis. The species is recognized as a dermatotropic and
neurotropic agent, being the causative agent of cutaneous, sub-
cutaneous and systemic infections [1].

Disseminated E. dermatitidis infections are almost always fatal [6].
Although fungal peritonitis is a frequent complication in cases of
peritoneal dialysis [7], E. dermatitidis peritonitis is not common [8-10].
Given the risk of dissemination, careful management is required. This is
the first report of E. dermatitidis peritonitis in a pediatric patient. The
literature was reviewed with an overview of 110 clinical cases (Table
S1).

2. Case

A 2-year-old female patient was admitted in our hospital with a 4-
day history of diarrhea and vomiting. Her mother denied fever, mucus,
blood or pus in the faeces. Due to significant reduction of diuresis, she
was admitted to the pediatric ICU in oligoanuria. At initial physical
examination the patient was in good general condition, pale, hydrated,
active, reactive, irritated, with a blood pressure of 178/114 mm Hg and
hypothermic (temperature of 35.5 °C).

Laboratory tests showed anemia (Hb 4.5 g/dL), kidney failure and
high levels of serum potassium (urea 357 mg/dL, creatinine 9.8 mg/dL,
K 7.0 mmol/L). Accordingly, patient was diagnosed with Acute Renal
Failure due to Hemolytic Uremic Syndrome. The patient needed red
blood cell transfusion, bicarbonate replacement, blood pressure control
and renal replacement therapy. Peritoneal dialysis was initiated, being
performed for 16 days due to anuria. On the tenth day, patient devel-
oped abdominal pain and fever (day 0). During screening, the analysis
of peritoneal fluid showed: 437 cells/mm?, 389 leukocytes/mm? (29%
neutrophils and 59% lymphocytes), pH 7.68, glucose 243 mg/dL, pro-
tein 1.4 g/dL and LDH 215 U/L.

Samples of peritoneal fluid were sent to the Laboratory of Clinical
Analysis for culture of microorganisms. Direct microscopic examination
revealed yeast cells. Treatment was started with fluconazole in-
travenous, 6 mg/kg/day (day +4). Hemodialysis was started replacing
the peritoneal dialysis. The sample was inoculated into flasks with
BACTEC Plus Aerobic/FBD culture medium (Becton-Dickinson, Sparks,
U.S.A.) and incubated in BACTEC FX equipment (Becton-Dickinson).
After six days of incubation growth of microorganisms was observed.
An aliquot was seeded on blood agar and colonies developed with
smooth and waxy appearance, olive green in colour (Fig. 1A).

The catheter content sample was inoculated on Sabouraud, Mycosel
and BHI media, and incubated at 37 °C. Fungal growth was observed on
all three media. Initially, the colonies presented mucoid growth, with
moist and yeast-like appearance. Subsequently, colonies developed
greyish to olive mycelium, and the colony reverse became dark grey
(Fig. 1A). Microscopically, yeasts were present (Fig. 1B), in addition to
dark, septate hyphae with few annellated zones with circular heads of
globose to ellipsoidal conidia (Fig. 1C). The morphology was consistent
with descriptions of the species [5], but molecular methods were used
to head the definitive diagnosis (Fig. 1D).

The fungal isolated was identified by Matrix-assisted laser deso-
rption ionization—-time of flight mass spectrometry (MALDI-TOF) using
Vitek MS (bioMerieux, Durham, NC) platform. In consonance with the
manufacturer's instructions, the direct colony technique was used for
applying the isolate on the target slide. After application of the isolate,
0.5 pL of formic acid was added and maintained at room temperature
until completely dried. A volume of 1 uL. of CHCA matrix was added to
the spot. Analysis was performed in duplicate. Spectra were analysed
using VITEK MS Myla software IVD database version 2.0. Both spots
were identified Exophiala dermatitidis with confidence value of 99.9.

DNA extraction was performed using glass beads (Sigma G9143)
based on the protocol described previously [11]. The rDNA Internal
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Transcribed Spacer (ITS) was amplified and sequenced using primers
ITS1 and ITS4. Sequences were analysed on an ABI Prism 3700 DNA
Sequencer (Perkin-Elmer, Norwalk, Foster City, U.S.A.). For phyloge-
netic analysis, the alignment of obtained sequences was performed
according to Gomes et al. [11] using the online MAFFT interface. A tree
was constructed with 100 bootstrap replicates using Maximum Like-
lihood Implemented in Mega v.7 software applying the best evolu-
tionary model to this dataset (Fig. 1 D). The clinical strain clustered
with 100 bootstrap supports in the E. dermatitidis clade with 99.8% of
similarity to the type strain CBS 207.35 (accession number NR 121268).

Once the etiological agent was identified, the therapy was reviewed,
replacing fluconazole by voriconazole IV, 4 mg/kg/dose 12/12hs (day
+10). The removed catheter as well as other samples of peritoneal fluid
were analysed confirming the presence of E. dermatitidis. Additional
investigations with cranial tomography, chest X-ray, abdominal ultra-
sound, echocardiogram and fundoscopy exam were with normal limits.
Following 14 days of treatment with voriconazole, with requirement of
three hemodialysis sessions, the patient showed positive outcome in
renal function, but blood pressure controls showed hypertension. She
was discharged after 37 days of hospitalization with prescription of
antihypertensives (amlodipine and propranolol), and ambulatory
follow-up.

Clinical cases published of E. dermatitidis infection reported in lit-
erature since 1977 (date of species description by de Hoog and
Hermanides-Nijhof) to 2018 were revised. The cases were searched in
PubMed using search terms (i) Exophiala dermatitidis, (ii) Exophiala
dermatitidis infection, (iii) Wangiella dermatitidis and (iv) Exophiala. In
addition, we also reviewed cases reported in clinical reports reviews;
results are presented as supplementary material (Table S1).

3. Discussion

Several extensive reviews on Phaeohyphomycosis caused by black
fungi have been published during the last decades. Gostincar et al. [12]
showed that members of the order Chaetothyriales are exceptional
among black fungi by their polyextremotolerance determining their
opportunistic potential. The order contains species that show relatively
frequent opportunism in healthy patients; particularly members of the
genera Exophiala, Cladophialophora, Phialophora, and Ramichloridium
are commonly involved with E. dermatitidis as one of the prevalent
opportunists [1-3].

Exophiala dermatitidis has been found affecting different organs,
causing superficial and cutaneous, but particularly subcutaneous tissue
and disseminated infections, in the latter case with secondary cuta-
neous eruptions (Table S1). Sites of infection commonly are lymph
nodes, lungs and internal organs. Phaeohyphomycosis associated with
E. dermatitidis has been reported around the world, especially in Europe
and the USA, with most cases occurring in immunocompromised pa-
tients (Fig. 2A). As shown in Fig. 2B, the majority of these patients are
adults (51%) with an equivalent number of cases registered in males
and females. Invasive infections in immunocompetent human hosts are
rare (11%). Disseminated infections are extremely rare and probably all
associated with inherited immunological diseases such as CARD9 innate
immune deficiency [2]. Other predisposing factors for invasive disease
include peritoneal dialysis, steroid use, human immunodeficiency virus
infection, cancer, bronchiectasis, and diabetes mellitus, demonstrating
that numerous changes in patient's condition have been correlated with
disease progression [13].

In our overview of 110 cases (Table S1), E. dermatitidis infections
were reported from the respiratory tract, pancreas, blood, ocular globe,
central nervous system, intestines, heart and bone. We came across
three reported cases of peritonitis caused by E. dermatitidis, all in adult
patients. Our patient represents the first case reported in a child. Exo-
phiala dermatitidis infections are very rare in pediatric (14%) and ado-
lescent patients (7%). Hong et al. [14] reported a case of liver cirrhosis
caused by E. dermatitidis in a previously healthy child, while a
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Fig. 1. Identification of Exophiala dermatitidis strain HC885 isolated from peritoneal fluid. A: Macromorphology showing the greyish to olive colonies; B and C:
Micromorphology, presence of yeasts cells and dark septate hyphae with conidia around phialide openings; D: Phylogenetic tree based on confidently aligned rDNA
Internal Transcribed Spacer (ITS) sequences constructed with Maximum likelihood implemented in MEGA v.7. Bootstrap values > 80% from 100 resampled datasets

are shown with the branches.

pulmonary infection in a child after allogenic stem cell transplantation
was reported by Tanuskova et al. [13]. Recently, a case of phaeohy-
phomycosis breast infection in a teenage girl was reported [15]. In the
present case, the patient developed a peritonitis infection despite the
fact that the child was immunocompetent judging from cytological
findings and medical history. The agent was not recovered from blood,
and although we isolated the fungus only from aspiration fluid, we did
not find evidence of dissemination. Paracentesis was crucial for culture
and diagnosis of the fungal infection. Molecular identification assisted
in correct diagnosis and treatment. In the present case, peritonitis re-
mained after dialysis, indicating that the fungus infection can be asso-
ciated with dialysis procedure.

Fungemia due to E. dermatitidis have been reported as being ca-
theter-associated [16]. In general, the environmental source of infec-
tion is obscure, particularly when the patient is without either skin or
mucous membrane lesions as visible portals of entry (Table S1). The
fungus is likely to be inhaled with aerosols in bathing facilities [17] or
might be ingested with the food, entering the digestive tract and pos-
sibly invading tissues via this route [18]. De Hoog et al. [19], based on a
wide screening faecal samples (n = 2300) of humans with and without
underlying disease, revealed intestinal presence of E. dermatitidis at a
frequency of 5.2%. Although E. dermatitidis is not a common environ-
mental saprobe, the fungus can be found in artificial, humid, low-
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nutrient habitats [2,18].

In our case there are evidences of infection related to peritoneum
dialysis. The association of fungal infection to this procedure have been
shown repeatedly in the literature on peritonitis in adult [7,20-22] and
children [23], mostly caused by Candida species. Fungi commonly are
involved in biofilm formation on indwelling and prosthetic materials,
interfering with eradication the infection [22]. Therefore, after final
diagnosis the catheter as likely source of infection was removed.

There is no standard approach for treatment of phaeohyphomycosis.
Most of guidelines are based on uncontrolled experiments, clinical ex-
perience, opinion of expertise and descriptive case studies. Moreover,
most of all studies suggest that Exophiala species, in general, are sus-
ceptible to the azole class of agents, specially, posaconazole, vor-
iconazole and itraconazole (Table S1). The patient was treated with
voriconazol based on the antifungal susceptibility studies of Exophiala
in vitro, which demonstrated variable activity of posaconazole, itraco-
nazole, voriconazole and amphotericin B [4]. Although invasive E.
dermatitidis infections are potentially fatal, this case was cured due to
precise etiologic agent identification and adjustment of therapeutic
management.
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Fig. 2. Exophiala dermatitidis human infections. (A): Geographic distribution of reported cases with regional immunological status; (B): percentage of cases related to

age-groups, genre and immunological status.
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