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ABSTRACT

من  واسع  نطاق  على  منتشرة  مجموعة  هي  الغبسية  الفطريات  الأهداف: 
ديهيدروكسينافثالين   1،8 على  الخلوية  جدرانها  تحتوي  التي  الفطريات 
)DHN( - الميلانين. الالتهابات الدماغية التي تسببها هذه الفطريات غير 
شائعة وترتبط في المقام الأول مع الفطريات الغبسية التغذوية. نحن هنا نبلغ 
عن حالات الإصابة بداء الفطريات الغبسية الدماغية التي تمت مواجهتها في 

مستشفى ثالث في الرياض، المملكة العربية السعودية.

المنهجية: بشهر يناير من 2020م تم تحديد حالات الإصابة بداء الفطريات 
الغبسية الدماغية إيجابية المزارع من خلال السجلات الطبية بمستشفى الملك 
فيصل التخصصي و مركز الأبحاث بمدينة الرياض بالمملكة العربية السعودية. 
المحتملة،  الخطورة  وعوامل  السكانية  بالتركيبة  المتعلقة  البيانات  تحليل  تم 

والأعراض السريرية، والعلاج، والنتائج.

الدماغية.  الغبسية  الفطريات  داء  اثنتي عشرة حالة من  النتائج: تم تحديد 
الفطريات  تسببت  ماكينزيي.  راينوكلاديلا  فطر  بسبب  كانت  حالات  أربع 
فطر  من  حالتان  هناك  المتبقية.  الثماني  الحالات  في  المختلفة  الفطرية 
أكروفيالوفورا  فطر  يلي:  مما  لكل  واحدة  وحالة  ديميدياتوم  نيوسيتاليديوم 
فيوزيسبورا وفطر كايتوميوم أتروبرونيوم وفطر إكزوفيليا ديرماتيتيديس وفطر 
كلادوفيالوفورا  وفطر  بيدروسوي  فونسيكاي  وفطر  روستراتوم  إكزيروهيلوم 
بانتيانا. كان معظم المرضى )10 من 12( يعانون من كبت المناعة. تسبب 
فطر راينوكلاديلا ماكينزيي في عدوى بالدماغ فقط تتجلى في تكون الخراج. 
والعلاج  الجراحي  ارتبط الإخلاء  العلاج.  أربعة مرضى لأكثر من عام من  نجا 
علاجات  مع  أو  بمفرده  إيتراكونازول  أو  بوساكونازول  باستخدام  بالتريازول 

أخرى مضادة للفطريات بالنجاح.

الخلاصة: داء الفطريات الغبسية الدماغية هو مرض فطري غير شائع يؤثر في 
المقام الأول على المرضى الذين يعانون من نقص المناعة ويرتبط بتنبؤ مشؤوم. 
يعتبر فطر راينوكلاديلا ماكينزيي أكثر الفطريات انتشاراً في منشأتنا وقد تم 

ربطه بمعدل وفيات عالمي تقريباً.

Objectives: To report cases of cerebral 
phaeohyphomycosis at a tertiary hospital in Riyadh, 
Saudi Arabia. Phaeohyphomycetes are a widely 
distributed group of fungi whose cell walls contain 1,8 
dihydroxynaphthalene-melanin. Cerebral infections 
caused by these fungi are uncommon and primarily 
associated with neurotrophic phaeohyphomycetes. 

Methods: In January of 2020 we looked back 
to identify cases of culture-positive cerebral 
phaeohyphomycosis from our medical records at 
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King Faisal Specialist Hospital and Research Center 
in Riyadh, Saudi Arabia. Data on demographics, 
potential risk factors, clinical presentation, treatment, 
and outcomes were analyzed. 

Results: Twelve cases of cerebral phaeohyphomycosis 
were identified, of which 4 were caused by 
Rhinocladiella mackenziei and the other 8 were 
caused by various phaeohyphomycetes. There were 2 
cases caused by Neoscytalidium dimidiatum, and one 
case each caused by the following: Acrophialophora 
fusispora, Chaetomium atrobrunneum, Exophiala 
dermatitidis, Exerohilum rostratum, Fonsecaea pedrosoi, 
and Cladophialophora bantiana. Most patients (10 
of 12) had underlying immunosuppression. R. 
mackenziei caused a brain-only infection manifesting 
as abscess formation. Four patients survived for more 
than a year after therapy. Surgical evacuation and 
triazole therapy with posaconazole or itraconazole, 
alone or in combination with other antifungal agents, 
were associated with success.

Conclusion: Cerebral phaeohyphomycosis is an 
uncommon fungal infection that primarily affects 
immunocompromised patients and is associated with 
poor prognosis. R. mackenziei is the most prevalent 
fungus in our facility and has been linked to a 
universal mortality.
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Fungi are widespread, are present in the soil, and 
decompose organic matter. The presence of 1,8 

dihydroxynaphthalene-melanin in the cell walls of 
phaeohyphomycetes is characteristic of many different 
genera of fungi. Phaeohyphomycosis refers to various 
diseases, such as cutaneous, subcutaneous, cerebral, and 
disseminated diseases.1 

In 1974, the term phaeohyphomycosis was coined 
by Ajello et al2 to describe subcutaneous and systemic 
infections caused by fungi that produce dark-brown 
septate hyphae in lesions.2 Melanin has been proposed 
to act as a virulence factor in these species through 
various mechanisms. By neutralizing free radicals and 
hypochlorite, it protects fungi from phagocytic cells 
and exerts oxidative burst effects. Furthermore, melanin 
can bind to hydrolytic enzymes, preventing their action 
on the fungal plasma membrane.1 However, factors 
other than melanin levels may be at play. Chitin has also 
been proposed as a possible virulence factor for cell-wall 
enrichment.1

Certain species of these fungi have been reported 
to cause brain abscesses with rare involvement 
of other sites and are considered neurotrophic.1 
Cladophialophora bantiana is the most common 
dematiaceous fungus reported to cause brain infection.2 
Rhinocladiella mackenziei has been detected in Middle 
Eastern residents, particularly those in the Gulf 
region.1 In addition to a few imported cases in the 
United Kingdom and France, Pakistan and Iran have 
reported more recent cases.3-6 In the United States, 
an outbreak of meningeal phaeohyphomycosis caused 
by Exerohilum rostratum was linked to contaminated 
methylprednisolone solution injected primarily into 
the back.7 However, reporting infections caused by 
these fungi is not required; thus, there is no accurate 
estimate of their incidence and prevalence.8 Here, we 
report our experience with several cases of cerebral 
phaeohyphomycosis from a single center.

Methods. A retrospective, single-center cohort 
study was conducted at King Faisal Specialist Hospital 
and Research Center in Riyadh, Saudi Arabia from 
January 1999 to December 2000 based on a review 
of electronic medical records and medical charts. 
Cases with a positive culture of phaeohyphomycetes 
recovered from brain biopsies or cerebrospinal fluid 
(CSF) were identified using a microbiology database. 
The diagnosis was based on fungal microbiological 
recovery. Morphological identification of the growth 
characteristics and slide culture served as the primary 
diagnostic test at the species level. Two additional cases 
were confirmed via polymerase chain reaction (PCR) 

amplification and ribosomal RNA sequencing. A review 
of the data included the following: demographics; 
potential risk factors including underlying condition, 
surgeries, steroid therapy, and other immunosuppressive 
therapies; and clinical presentation, treatment, and 
outcome. For the descriptive analysis, Microsoft Excel 
and IBM Statistical Package for Social Sciences (SPSS) 
Statistics version 22 (IBMCorp, Armonk, NY, USA) for 
Mac were used. This study was approved by the review 
board of our institution. The authors confirm that the 
ethical policies of the journal, as outlined on the author 
guidelines page, have been adhered to. A literature 
review of similar cases was also conducted.

Results. We identified 12 cases of cerebral 
phaeohyphomycosis through brain tissue cultures and 
one patient with persistently positive CSF cultures. 
The histopathology of all patients, except one, was 
positive for fungal hyphae. Two cases were confirmed 
via PCR amplification and RNA sequencing (Table 1). 
The patients were from various regions of Saudi Arabia, 
with the exception of 3 patients from the same region. 

Of the 12 patients, 8 were men and 4 were women. 
In terms of the causative agent, four cases were caused 
by Rhinocladiella mackenziei, and 2 by Neoscytalidium 
dimidiatum. Meanwhile, the remaining six cases were 
caused by various phaeohyphomycetes: Acrophialophora 
fusispora, Chaetomium atrobrunneum, Exophiala 
dermatitidis, Exerohilum rostratum, Fonsecaea pedrosoi, 
and Cladophialophora bantiana (Table 1). 

Ten patients were immunocompromised because 
of organ transplantation or cancer, and one was 
diagnosed with chronic granulomatous disease (CGD). 
A young patient with C. bantiana infection had no 
discernible immune deficiency despite a comprehensive 
immunological evaluation (Figure 1).

Of the 4 patients infected with R. mackenziei, 
2 received kidney transplants, one received a liver 
transplant, and one was immunocompetent. R. 
mackenziei caused an infection that occurred solely 
in the brain, resulting in abscess formation. Other 
phaeohyphomycetes involved different organs, such as 
sinuses, or disseminated multiorgan involvement. 

After diagnosis, 4 patients survived for more than 
a year. One patient with CGD survived for 10 years 
after receiving suppressive antifungal therapy. One of 
the 4 patients with R. mackenziei infection survived 
for over 3 years on antifungal therapy. Nine of the 12 
patients were treated with medical therapy and surgical 
resection. Most patients underwent surgery and received 
antifungal combination therapy (Figure 2). Surgery 
was combined with the triazole antifungal agents 
posaconazole or itraconazole to treat survivors. 
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Table 1 - Characteristics of phaeohyphomycosis cases at our tertiary hospital in Riyadh, Saudi Arabia.26,31,32*

Case No. Year of Diagnosis Age/ 
Gender 

Presenting Symptoms Organism Method of Identification

1 1992 13/M Nausea, vomiting, and coordination 
impairment 

Cladophialophora 
bantiana

Histopathology and culture 

2* 1998 12/F Seizures Acrophialophora fusispora Histopathology and culture 
3 1999 36/M Left hemiplegia Neoscytalidium 

dimidiatum
Histopathology and culture

4 * 2000 62/M Left-sided hemiparesis and hemisensory 
loss

Rhinocladiella mackenziei Histopathology and culture  

5 2000 75/M Dizziness and unsteady gait Rhinocladiella mackenziei Histopathology and culture

6 2001 12/M Vomiting Chaetomium 
atrobrunneum

CSF culture

7 2001 18/M Seizure Exophiala dermatitidis Histopathology and culture
8 2005 50/F Seizure Rhinocladiella mackenziei Histopathology and culture
9 2008 70/M Left Hemiparesis Fonsecaea pedrosoi Histopathology and culture
10 2018 31/M Weakness and difficulty in ambulation Rhinocladiella mackenziei Histopathology and culture

11 2018 28/F Eye pain and decreased level of 
consciousness

Exerohilum rostratum Histopathology, culture, and 
molecular sequencing

12* 2019 55/F Fever and convulsions Neoscytalidium 
dimidiatum

Histopathology, culture, and 
molecular sequencing

F - female, M - male, DM - diabetes mellitus, AmB - Amphotericin B, Vori - Voriconazole, Caspo - Caspofungin, ITZ - Itraconazole, L-AmB -Liposomal 
Amphotericin B, 5-FC - 5-flourocytocine, KTZ - Ketoconazole, ALL - acute lymphoblastic leukemia, AML - acute myeloid leukemia, MF - myelofibrosis, 

Table 1 continued - Characteristics of phaeohyphomycosis cases at our tertiary hospital in Riyadh, Saudi Arabia.26,31,32*

Case No. Organ Involved 
Other Than the Brain 

Underlying 
Medical Condition 

Surgery Antifungal Used  Outcome at 90 d Duration of antifungal therapy for 
patients who survived (in months)

1 Disseminated None No AmB, ITZ, Vori, Caspo Died 
2* Disseminated ALL Yes AmB, ITR Survived 33

3 Only cerebral Kidney Transplant Yes AmB Died 
4 * Cerebral Kidney Transplant Yes AmB, ITZ, Posa Survived 36
5 Cerebral None Yes AmB Died 
6 Meninges AML No AmB, ITZ Died 
7 Disseminated CGD Yes ITZ, terbinafine, 

flucytosine 
Survived Still on treatment 

8 Cerebral Kidney transplant Yes Vori, Caspo Died 
9 Cerebral Liver Cirrhosis Yes L-AmB, Posa Died 
10 Cerebral Liver transplant Yes L-AmB, Posa Died 
11 Cerebral and sinuses None/pregnant Yes Caspo, L-Amb, Posa, Vori Survived Still on treatment 
12* Cerebral Renal transplant Yes L-AmB, Vori Died

F - female, M - male, DM - diabetes mellitus, AmB - Amphotericin B, Vori - Voriconazole, Caspo - Caspofungin, ITZ - Itraconazole, L-AmB 
-Liposomal Amphotericin B, 5-FC - 5-flourocytocine, KTZ - Ketoconazole, ALL - acute lymphoblastic leukemia, AML - acute myeloid leukemia, MF - 

myelofibrosis, *

*Copyright permission from Al-Abdely HM, Alkhunaizi AM, Al-Tawfiq JA, Hassounah M, Rinaldi MG, Sutton DA. Successful therapy of cerebral 
Phaeohyphomycosis due to Ramichloridium mackenziei with the new triazole posaconazole. Med Mycol 2005; 43: 91-95.  

Al-Mohsen IZ, Sutton DA, Sigler L, Almodovar E, Mahgoub N, Frayha H, et al. Acrophialophora fusispora brain abscess in a child with acute 
lymphoblastic leukemia: review of cases and taxonomy. J Clin Microbiol 2000; 38: 4569-4576.

 Alamri M, Alghamdi H, Althawadi S, Mutabaggani M, Dababo MA, Alajlan F, et al. Invasive fungal infection of the brain caused by Neoscytalidium 
dimidiatum in a post-renal transplant patient: A case report. Med Mycol Case Rep 2021; 34: 27-31. 
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Discussion. Phaeohyphomycosis causes a wide 
range of diseases, including those that are cutaneous, 
subcutaneous, cerebral, and disseminated,8 with a 
mortality rate of 70% in cerebral and disseminated 
diseases.9 C. bantiana is the most common 
phaeohyphomycete that causes cerebral infections. 
More than 80 cases of cerebral phaeohyphomycosis 
caused by C. bantiana infection have been reported 
worldwide, and nearly half of these cases involve 
immunocompetent individuals.8 E. dermatitidis is 
the second most common phaeohyphomycete that 
causes cerebral infections.9 Only one case of each was 
identified in our study. One case was caused by E. 
rostratum, a common saprobic fungus on plant debris 
that rarely causes clinically significant infections, except 
in immunocompromised patients, although localized 
infections have been reported.10

In 2012, the Centers for Disease Control and 
Prevention (CDC) in the United States reported 
an outbreak of fungal meningitis caused by direct 
inoculation of methylprednisolone contaminated with 
E. rostratum into human tissue. The contaminated 
injection was identified and removed from clinical 
use, ending the outbreak.7 Our E. rostratum-infected 
patient was pregnant and had no history of injections 
or immunocompromised status. We also encountered 
a case caused by F. pedrosoi, a well-known cause 
of chromoblastomycosis in tropical climate zones, 
particularly in South America.11 N. dimidiatum 
(syn. Scytalidium dimidiatum) is a fungus that causes 

onychomycosis and tinea pedis but rarely causes 
cerebral infection.12 It caused a fatal infection in 2 of our 
patients who had recently received kidney transplants. 
C. atrobrunneum has been reported to cause cerebral 
infection in patients with hematological malignancies, 
as observed in our patient with acute myeloid leukemia. 
In addition, the fungus was repeatedly cultured in 
the CSF.13 Meanwhile, A. fusispora is a rare cause of 
phaeohyphomycosis, with only 5 cases and 2 cases of 
brain abscesses reported in medical literature, including 
our case.14 Cases of cerebral phaeohyphomycosis are 
typically sporadic and unrestricted by geography, except 
for those caused by R. mackenziei, which are typically 
restricted to the Middle East. Recently, Iran, Pakistan, 
the United Kingdom, and France have reported cases.3-6 
To the best of our knowledge, as of July 10, 2022, 37 
cases of R. mackenziei have been reported,15,16 12 of 
which originated in Saudi Arabia (Table 2).17-26 

R. mackenziei affects immunocompromised and 
immunocompetent individuals. Nine of the 12 reported 
cases in Saudi Arabia were immunocompetent. In our 
cases, 3 patients were immunocompromised and one 
was immunocompetent. Recent reports have primarily 
focused on immunocompromised individuals. Only 2 
cases of prolonged survival with R. mackenziei have been 
reported in Saudi Arabia and the United Kingdom.5,26 
The patients in both cases underwent surgical excision 
and posaconazole antifungal treatment.

The geographical restriction of R. mackenziei 
remains unclear. The fungus has not been isolated from 

Table 2 - Cases of R. mackenziei reported in Saudi Arabia.

Case No. Reference Age/Gender Underlying Condition Surgery Antifungal Outcome 
1 14 55 F None Yes AmB, 5-FC, KTZ Died 
2 14 80 M None Yes AmB, 5-FC, KTZ Died 
3 15 75M None Yes AmB, 5-FC Died 
4 14 60M None Yes AmB, 5-FC, KTZ Died
5 16 36M Hodgkin’s Disease Yes ITZ Died
6 18 71 M CML Yes AmB, ITZ Died 
7 18 42 M None Yes AmB, ITZ Died 
8 19 67 F DM Aspiration AmB Died
9 19 65 F HD Yes AmB Died
10* 23 62M Renal transplant Aspiration LAmB, ITZ, 5-FC 

then Posa 
Survived 

11 21 66F DM Yes L-AmB, Vori Died 
12 22 64F DM Aspiration L-AmB, then 

Vori+Caspo 
Died 

13 Current 75M None None AmB Died 
14 Current 50F Renal transplant Yes Vori, Caspo Died 
15 Current 31M Liver transplant Yes AmB, Caspo Died 

F - female, M - male, DM - diabetes mellitus, AmB - Amphoterecin B, Vori - Voricanazole, Caspo - Caspofungin, ITZ - 
Itraconazole, L-AmB - liposomal amphotericin B, 5-FC -5-flourocytocine, KTZ - Ketoconazole, *included in the current report
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nature, and its Middle Eastern distribution suggests a 
preference for the saprophytic phase in arid climates.21 

In addition, diagnosis of phaeohyphomycosis is 
challenging because it depends on the histopathology 
and culture. Phaeohyphomycosis is characterized by 
darkly pigmented hyphae, which can be observed 
more clearly with Masson-Fontana melanin staining. 
However, this stain can also be positive for hyaline fungi, 
indicating a low specificity. PCR amplification and 

molecular sequencing have assisted in the classification 
and identification of fungi including black molds. In 
contrast, application of serology in the diagnosis of 
phaeohyphomycosis has not been reported. Cases with 
favorable outcomes suggest that medical and surgical 
treatment are the treatment of choice for cerebral 
phaeohyphomycosis.1 

Typically, amphotericin B and the triazoles 
itraconazole and posaconazole are used for treatment. 

Figure 1 - Radiographic, ventriculoscopic, and histopathological morphologies of Cladophialophora bantiana A) A patient with hydrocephalus due to a 
brain infection caused by Cladophialophora bantiana. B) Ventriculoscopy revealed extensive ventriculitis, with fungus incorporating the lateral 
ventricles (arrows). C) Gomori methenamine silver histopathology stain of the brain revealed septate hyphae, and D) fungal culture revealed the 
characteristic morphology of C. bantiana. 
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Microdilution methods for in vitro antifungal 
susceptibility testing have not been standardized, 
and it is difficult to determine the best therapy 
without validated minimal inhibitory concentration 
breakpoints. The comparison of various antifungals 
has only been performed in animal models. In a 
study conducted on murine models, posaconazole 
was superior to amphotericin B and itraconazole.28 
Amphotericin B treatment is generally ineffective. 
When surgery is impossible, combination therapy with 
extended-spectrum triazole and flucytosine, which has 
in vitro activity against many black molds, has been 
suggested.14 There is limited data on echinocandins as 
antiphaeohyphomycete agents.

Few animal studies of combination antifungal 
therapies have demonstrated positive outcomes.29,30 In 
most of our patients, combination therapy was used; 
however, surgical resection was necessary for success. 

Despite the findings, our study has some limitations. 
First, it is based on a case series; therefore, its findings 
cannot be generalized. Additionally, no comparison 
group was included in the description of the findings. 
However, we believe that our case series adds to the 
limited knowledge on intractable serious infections, 
significantly contributing to medical literature. 

Conclusion. Rare and fatal cerebral 
phaeohyphomycosis is a fungal infection with a poor 
prognosis. R. mackenziei is the predominant fungus at 
our facility and is associated with a universal mortality, 
except in some cases treated with a combination of 
surgical and antifungal therapies.
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