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Abstract

Rhinocladiella mackenziei cerebral phaeohyphomycosis is a rare severe disease that has
been typically described in the Middle East. Here, we report 2 cases of R. mackenziei cere-
bral phaeohyphomycosis in patients from Morocco, diagnosed and treated in France, and
raise a concern about the ever-going extension of the area at risk for this devastating inva-
sive fungal infection.

Introduction

Cerebral phaeohyphomycosis is a rare but severe infection due to melanized fungi. Along with
Cladophialophora bantiana, Rhinocladiella mackenziei is one of the main fungi responsible for
this disease [1]. There are no definite risk factors for this pathogen, and, notably, no immuno-
deficiency found in most of the afflicted patients [2]. On 2% malt agar, R. mackenziei grows as
green olive to brown lanose colonies. The microscopic aspect is characterized by the presence
of short conidiophores arising from melanized septate hyphae. In addition, hyaline denticled-
conidiogenous cells producing pale brown ellipsoidal conidia in sympodial succession are
observed. Prognosis of cerebral phaeohyphomycosis is dreadful, with only a handful of nonle-
thal cases reported [3-6]. Other members of the Rhinocladiella genus are involved in human
diseases, such as chromoblastomycosis [7]. Diagnosis has become more accessible and accu-
rate with the advent of polymerase chain reaction (PCR) techniques and DNA sequencing,
which allowed to pin down the precise taxonomy of black fungi [8].

While other pathogens involved in cerebral phaeohyphomycosis seem to be found world-
wide [1], R. mackenziei has classically been reported as being geographically restricted to the
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Middle East. However, in the last decade, cases were reported in a broader area [4,9,10]. The
aim of this report is to underline the extension of the endemic areas for R. mackenziei by
reporting the first 2 cases of R. mackenziei cerebral phaeohyphomycosis in patients from
Morocco.

Case presentation
Case 1

A 60-year-old woman from Morocco, living in France, with a past medical history of tubercu-
losis and cirrhosis secondary to hepatitis B and C infections, underwent liver transplantation
in February 2014 because of refractory ascites and recurrent encephalopathy. Postoperative
recovery was uneventful except for episodes of tremor, explored by a cerebral computerized
tomography (CT) scan in March 2014, which was normal. In May, she presented a generalized
tonic—clonic seizure, followed by a left upper limb paresis. The cerebral CT scan showed a
16-mm right frontal ring—enhancing lesion, and the magnetic resonance imaging (MRI) con-
firmed the suspicion of a cerebral abscess (S1A Fig). A stereotactic guided biopsy was per-
formed. Histopathology found pigmented fungal hyphae (S1B Fig), and the patient was
started on flucytosine (80 mg/kg in 4 divided doses)-liposomal amphotericin B (AmB-L, 3.3
mg/kg in 1-hour infusion) combination therapy. AmB-L was then switched to voriconazole (4
mg/kg intravenously twice a day) because of renal toxicity. The clinical course was favorable,
with partial recovery of neurological deficits. The French National Reference Center for Inva-
sive Mycoses and Antifungals (NRCMA; Institut Pasteur, Paris) identified R. mackenziei based
on morphological features under Biosafety Level 3 (BSL-3) regulations and sequencing of the
ITS1-5.8S-1TS2 region of IDNA (GenBank accession number: MZ128136). DNA extraction
method [11] and PCR protocol [12] have been described elsewhere. MRI reevaluation in
August 2014 showed expansion of the lesion and related edema. Posaconazole (2.7 mg/kg oral
suspension 4 times a day) was added to the treatment regimen, and immunosuppression was
lowered. She deteriorated quickly with repeated seizures, right hemiplegia, and intracranial
hypertension. Voriconazole was switched back to AmB-L, and rescue surgery was attempted
to no avail. The patient expired 6 months after the diagnosis.

Case 2

As briefly reported elsewhere [13], this patient was a 59-year-old woman from Morocco who
had been living in France for 30 years. She had been to Morocco for the last time in October
2017 and had no other travel history. Her past medical history was notable for ulcerative ileo-
colitis treated by prednisone (30 mg/day) and azathioprine since October 2017 because of pre-
sumed Crohn disease and suspicion of pulmonary tuberculosis. She presented in July 2018
with a 2-week history of memory loss, left-sided headaches, dysphasia, mild photo-phonopho-
bia, vertigo, and right arm neuropathic pain, without motor deficit. A cerebral CT scan
revealed a 36-mm-long axis temporoparietal lesion compatible with a brain abscess, with sig-
nificant perilesional edema. She underwent stereotactic guided biopsy of the lesion. Direct
examination showed black fungal hyphae. She was started on cefotaxime, metronidazole, and
voriconazole (4 mg/kg intravenously twice daily), and azathioprine was stopped. Seven-day
CT reevaluation showed no lesion reduction. AmB-L (5.7 mg/kg once a day intravenously)
and flucytosine (30 mg/kg 4 times a day intravenously) were added to voriconazole. The isolate
sent to the NRCMA for identification revealed R. mackenziei after morphological examination
under BSL-3 regulations and sequencing of the ITS1-5.8S-ITS2 region of rDNA (GenBank
accession number: MZ128137). Antifungal therapy was switched to posaconazole only (5.7
mg/kg once a day orally). MRI confirmed the temporoparietal abscess and showed associated
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lateral sinus venous thrombosis. She underwent surgery with incomplete resection of the
lesion due to left lateral sinus invasion. She experienced regression of dysphasia and headaches
and recovery of better memory function. The cause of ileocolitis was revised as being Mycobac-
terium tuberculosis, with PCR confirmation, and the patient was treated for 12 months using a
moxifloxacin-based antimycobacterial regimen. Corticosteroids were progressively tapered
and stopped. After 26 months of follow-up, the patient is clinically stable, and MRI reevalua-
tions showed no relapse of cerebral phaeohyphomycosis. In addition to drug-induced immu-
nosuppression (i.e., steroids and azathioprine), that patient had no known genetic
predisposition for invasive fungal disease (based on sequencing of IL17F, IL17RA, IL17RC,
ACT1, JNKI1, STAT1, STAT3, RORC, ZNF341, CARD?Y, and AIRE genes).

Case discussion

Phaeohyphomycosis is a neglected fungal disease. R. mackenziei is one of the responsible path-
ogens, with the particularity of being considered geographically restricted. Here, we report, to
our knowledge, the first 2 cases from Morocco natives.

Risk factors for R. mackenziei infection remain unclear. Although some cases occurred in
immunocompromised hosts such as solid organ transplant recipients or patients with hemato-
logical malignancies, other cases were reported in patients with few comorbidities [1]. Little is
known about the reservoir of R. mackenziei and the route of contamination, and it was never
isolated from the environment [14].

So far, most of the cases found in the literature originated from the Middle East (24/36,
67%; Fig 1, S1 Table). However, recently, an increasing number of cases have been reported
from other countries at risk, notably Pakistan, India, Iran [15], and, now, Morocco, which still
concurs with the hypothesis of an organism fitted for an arid climate. Similar organisms have
been isolated from air biofilters, dry, and/or acidic soil [16]. An analysis of the literature allows
formulating new hypotheses about the pathogenesis of R. mackenziei cerebral phaeohyphomy-
cosis. Reading the case from Cristini and colleagues [10], with a 20-year gap between the
patient’s stay in Afghanistan and the disease, one can assume the possibility of a latent in vivo
reservoir, which ultimately reactivates under particular circumstances. Many patients in the
literature have a travel history to areas with arid climates. If we hypothesize a prolonged carrier

s

Fig 1. Geographical distribution of Rhinocladiella mackenziei cerebral phaeohyphomycosis (N = 36). In black,
countries with confirmed cases. In dark gray, countries with possible contamination. In light gray, countries where
diagnoses were made but unlikely to be at risk for contamination (probable imported cases). If several countries were
possibly incriminated, priority was given to the country with other confirmed cases if present; else, every country was
considered as “possible contamination.” Articles used in this figure are reported in S1 Table. Map template can be
found at https://www.freeworldmaps.net/powerpoint/.

https://doi.org/10.1371/journal.pntd.0009563.9001
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state, the geographical area at risk could be even broader than what previously thought: Tur-
key, Kenya, Egypt, and Somalia might also be at risk, for example (Fig 1).

Shortly, we can recommend extensive surgery as the cornerstone for treatment. Posacona-
zole is probably the optimal associated antifungal for R. mackenziei, based on our one surviv-
ing patient and success of others with this triazole [3,10]. These conclusions are limited by the
scarce available clinical evidence, but concordant with in vitro [17] and animal data [18].

This study has limitations. First, this was not an exhaustive collection of all imported
French cases of R. mackenziei infections, exposing to selection bias. Moreover, the Necker-
Enfants Malades Hospital is associated with the NRCMA and may have a different case mix
than other centers. Second, this is a retrospective study, limiting the conclusions that can be
made about exposure to the pathogen and route of contamination. Third, the small number of
cases obviously limits the generalizability of our findings.

In conclusion, the area at risk of R. mackenziei cerebral abscess is extending to new coun-
tries and now also includes North Africa with Morocco. Clinicians should be aware of this
emerging disease and take a detailed travel history in patients with atypical and undocumented
brain abscess.

Ethics

Informed consent could not be obtained for the patient of case 1 (deceased). In conformity
with data protection regulations, noncritical information was modified to ensure pseudonymi-
zation. The Assistance publique Hopitaux de Paris Ethical Research Committee (CERAPHP
Centre, Institutional Review Board [IRB] registration number #00011928) reviewed the manu-
script and provided a waiver for consent (Ref 2020-11-17). Formal written informed consent
was obtained from the patient of case 2 to use her medical information and specimens for
medical and scientific purposes aiming at improving medical knowledge and patient care.

Key Learning Points

o Rhinocladiella mackenziei cerebral phaecohypohmycosis is a rare and severe infection.
o Immunocompetent hosts are at risk.
o The geographic area at risk for this infection is growing.

o Effective treatment probably requires surgery associated with antifungal therapy.

Supporting information

S1 Fig. Diagnostic material of case 1. (A) Contrast-enhanced T1 gadolinium MRI showing a
ring-enhancing lesion compatible with an abscess in the right frontal lobe. (B) HES stain of an
aspirate of the brain lesion shown in (A), magnified 500x. Note the microscopic features that
can suggest phaeohyphomycosis: branched (gray dart) pigmented filaments with visible sep-
tate (black arrow). The specific morphological features of Rhinocladiella mackenziei have been
well described elsewhere [2,8,9]. HES, hematoxylin—eosin saffron; MRI, magnetic resonance
imaging.

(TIF)
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S1 Table. Cases reported in Fig 1. To identify cases, we searched in PubMed using the follow-

ing keywords: “Rhinocladiella mackenzieie,

» « » «

Ramichloridium obovoideum,” “Ramichloridium

mackenziei,” and “Ramichloridium obovoidea.” We searched from database inception onward

without language restrictions. The last search was conducted on May 15, 2020.
(DOCX)
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