
Although large numbers of species are listed for both 

 Scopulariopsis  and  Microascus  genera in online databases 

such as Mycobank (www.mycobank.org) and Index Fun-

gorum (www.indexfungorum.org), many species have not 

been re-evaluated with modern methods. About 30 valid 

species are known for  Scopulariopsis  and about 25, which 

are known to produce sexual stages, are classifi ed in the 

genus  Microascus . 

  Scopulariopsis  ( Microascus ) species are recognized 

as common causes of non-invasive infections including 

nondermatophytic onychomycosis [4 – 6], keratitis [7], and 

otomycosis [8]. Although uncommon, invasive disease 

can also occur in both immunocompetent and immuno-

suppressed patients and include infections such as endo-

carditis [9 – 14], sinusitis [15 – 18], brain abscess [19 – 21], 

deep cutaneous [22 – 28], localized pulmonary [29,30], 

and disseminated [8,31 – 38]. Among these various invasive 

infections where the etiological agent has been identifi ed 

to the species level, four  Scopulariopsis  species ( S. acre-
monium, S. brevicaulis, S. brumptii,  and  S. candida ) and 

two  Microascus  species ( M. cirrosus  and  M. cinereus)  have 

been reported [9,11 – 16,18,19,21 – 35,37,38].  Scopulariopsis 
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  Scopulariopsis  species and their  Microascus  teleomorphs are cosmopolitan fungi that 
are uncommonly associated with invasive disease. This report describes a case of fatal 
disseminated  Scopulariopsis brevicaulis  disease in a patient with diffuse large B cell 
lymphoma who underwent high-dose chemotherapy followed by a matched unrelated 
donor stem cell transplant. This case is compared with 32 prior cases of proven inva-
sive  Scopulariopsis  ( Microascus ) infections reported in the literature. A focus of this 
report is the diagnostic methods utilized which included histopathology and culture with 
both micromorphologic and genotypic procedures employed to confi rm the species 
identifi cation.  
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  Introduction 

  Scopulariopsis  and  Microascus  species include both hya-

line and dematiaceous mold forms and have a wide geo-

graphic distribution. They are commonly found in soil and 

air, and in plant litter, paper, wood, dung and animal 

remains [1,2]. These fungi belong to the ascomycete fam-

ily Microascaceae, which also includes well known oppor-

tunistic pathogens within the genera  Scedosporium  and 

 Pseudallescheria  [1 – 3]. In all these fungi, the conidial 

structures appear fi rst in culture and are used for primary 

identifi cation. Ascomata, if produced, appear in isolates 

grown for longer periods, or on specialized culture media, 

or in mating tests; therefore isolates of  Microascus  species 

may not be recognized from immature cultures  in vitro . 
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brevicaulis (Microascus brevicaulis)  is the most prevalent 

and signifi cant species identifi ed from both superfi cial and 

invasive infections. 

 We describe a case of disseminated infection caused by 

 S. brevicaulis  in a patient with diffuse large B-cell lym-

phoma who underwent high-dose chemotherapy and an 

allogeneic hematopoietic stem cell transplant and compare 

this case with those of invasive infection described in the 

literature. Emphasis is placed on the diagnostic criteria 

used to identify cases of invasive  Scopulariopsis  infection 

including histopathology, positive culture for  Scopulariop-
sis (Microascus  species), and laboratory methods used for 

confi rmation identifi cation of the species.   

 Materials and methods  

 Literature review 

 Published cases of invasive  Scopulariopsis  or  Microascus  

infection were identifi ed by a literature search of the 

PubMed database. Additionally, the references cited in 

these reports were reviewed to identify additional cases 

that did not appear in the PubMed database. All cases 

were reviewed for demographic characteristics to include 

age/gender, underlying disease, transplant type, organ(s) 

involved, culture positive specimen source(s), and fungal 

species. They were also reviewed for diagnostic methods 

used including histopathologic description (includes 

infl ammatory response and fungal elements in tissue) and 

culture identifi cation methods used (micromorphological 

and genotypic). Only those cases that met the criteria for 

 ‘ proven invasive fungal disease ’  caused by molds as 

described by the consensus group of the European Orga-

nization for Research and Treatment of Cancer/Invasive 

Fungal Infections Cooperative Group and the National 

Institute of Allergy and Infectious Diseases Mycoses 

Study Group (EORTC/MSG) were included in this evalu-

ation [39]. The criteria included  ‘ histopathologic, cyto-

pathologic, or direct microscopic examination of a 

specimen obtained by needle aspiration or biopsy in 

which hyphae or melanized yeast-like forms are seen 

accompanied by evidence of associated tissue damage ’  

and  ‘ recovery of a mold or  “ black yeast ”  by culture of a 

specimen obtained by a sterile procedure from a normally 

sterile and clinically or radiologically abnormal site con-

sistent with an infectious disease process, excluding bron-

choalveolar lavage fl uid, a cranial sinus cavity specimen, 

and urine ’ . Therefore, cases where  Scopulariopsis 
(Microascus)  were isolated from the latter types of 

specimens with or without the cytological presence of 

fungus were excluded from further analysis, in accor-

dance with the guidelines [39].   

 Present case diagnostic methods 

 Skin biopsy material, which was cultured on slants of Sab-

ouraud dextrose agar containing chloramphenicol and gen-

tamicin (SAB, Remel, Lenexa, KS) and incubated at 

28 – 30 ° C, grew a moderately fast growing mold after 9 

days incubation. The mold was identifi ed by the in-house 

laboratory as  Scopulariopsis  species based on the powdery, 

pale brown colonies and production of conidia in chains 

from brush-like conidiophores. For sequencing of the inter-

nal transcribed spacer 2 (ITS2) region of the rRNA gene, 

the isolate was grown on SAB and DNA was extracted 

from mycelium following protocols as previously described 

[40]. The ITS2 gene target was amplifi ed using the ITS3 

and ITS4 primers [41] and the resultant product sequence 

was aligned using the Chromas pro analysis software, ver-

sion 6.5 (Oxford Molecular Group, Inc., Campbell, Calif.). 

The resultant 272 base pair sequence was compared with 

sequences in the GenBank (National Center for Biotech-

nology Information, Washington, DC) using a nongapped 

advanced BLAST search.   

 Isolate and nucleotide sequence accession number 

 A sequence of the case isolate has been deposited in Gen-

Bank under accession number FJ176395. The case isolate 

cultured from skin was deposited as  Scopulariopsis 
brevicaulis  at the University of Alberta Microfungus and 

Herbarium (UAMH), Edmonton, Alberta, Canada, under 

accession number UAMH 10915.    

 Results  

 Case report 

 A 26-year-old male was diagnosed with diffuse large B cell 

lymphoma and treated initially with a standard combina-

tion of chemotherapeutic agents. He was referred to the 

Nebraska Medical Center with relapsed disease and 

follow-up with high-dose chemotherapy (HDC). He sub-

sequently underwent an autologous stem cell transplant 

with a second relapse occurring 72 days later at which 

point salvage HDC was initiated. Eighty four days after the 

stem cell transplant, the patient underwent a matched unre-

lated donor (allogeneic) hematopoietic stem cell transplant 

(HSCT) (Day 0 post-HSCT) and was discharged from the 

hospital on Day 20 post-HSCT in stable condition with an 

absolute neutrophil count (ANC) that was  �    500 cells per 

mm 3 . He was readmitted at Day 27 post HSCT with graft-

versus-host disease of the skin and gastrointestinal tract. 

Over the next 38 days, the hospitalization was complicated 

by recurrent fevers, a small bowel obstruction, a viridans 

group  Streptococcus  bacteremia, recurrent BK virus 
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on Day 78 post-HSCT, the patient became hypotensive and 

died. An autopsy was declined by the family. Both of the 

skin punch biopsies from day 71 grew a mold after 9 days 

incubation subsequently identifi ed as a  Scopulariopsis  spe-

cies. Since the isolate was not isolated prior to death, no 

antifungal susceptibility testing was performed. 

 Sequence comparison analysis of the ITS2 region for 

the case isolate was done and showed at that time a  �    98.5% 

similarity to four strains of  Scopulariopsis brevicaulis  in 

the GenBank database with a 100% query coverage (Acces-

sion No. AY625065, AJ853776, EU436681, and EU821476). 

The next closest species was  S. chartarum  at 88%. The 

micromorphological characteristics also confi rmed the iso-

late as  S. brevicaulis . Conidia were thick-walled, smooth 

to coarsely roughened, subglobose with a fl attened base 

and rounded or slightly pointed tip and they were produced 

in chains from annellidic conidiogenous cells borne in 

branched clusters (Fig. 3). Colonies on potato dextrose 

agar (Difco, Becton Dickinson Co., Sparks, MD) were tan 

and coarsely powdery and reached a diameter of 2 cm at 

30 ° C (1.5 cm at 35 ° C) after 7 days. The isolate was toler-

ant of cycloheximide as determined by its equivalent 

growth on medium containing cycloheximide. Subcultures 

on sporulation media were held for 6 weeks but no asco-

mata were observed.   

 Literature review 

 A review of the English literature since 1974 identifi ed 38 

cases reported as invasive or disseminated  Scopulariopsis  

( Microascus ) infections. Thirty-two of these met our crite-

ria for inclusion as proven invasive  Scopulariopsis  infec-

tions as described in the methods. Six cases were considered 

valid but not further evaluated since none described micro-

scopic analysis of the mold in tissue or had positive 

hemorrhagic cystitis, acute renal failure and respiratory 

decompensation requiring intubation. During this hospital-

ization, seven fungal blood cultures (BACTEC System 

MYCO/F lytic medium, BD Diagnostics, Sparks, MD) 

were collected and all remained negative. No neutropenia 

(ANC remained above 500 cells per mm 3 ) was present. A 

bronchoscopy was performed on Day 65 post-HSCT with 

a diagnosis of diffuse alveolar hemorrhage subsequently 

treated with the immunosuppressant etanercept. On Day 68 

post-HSCT, black skin lesions were fi rst noted on the 

patient ’ s torso and buttock. At this time, the patient was 

receiving immunosuppressants (mycophenolate mofetil, 

tacrolimus, steroids and etanercept), as well as oral pro-

phylactic voriconazole (200 mg twice daily), trimethoprim/

sulfamethoxazole and acyclovir since the HSCT. Punch 

biopsies of one lesion on the left gluteal area and one lesion 

on the left anterior chest were performed on Day 71 post-

HSCT and submitted for histopathology and culture (bac-

terial, fungal, and viral). Histopathology of both biopsy 

samples stained with the Grocott-Gomorri methenamine 

silver (GMS) stain and the hematoxylin and eosin (H&E) 

strain revealed the presence of numerous septate irregular 

hyphae with the presence of swollen thick-walled struc-

tures (Fig. 1) as well as invasion of the vascular space (Fig. 

2). No pigmentation of the hyphae was noted on the H&E 

stain. A suspicion of probable invasive aspergillosis that 

was developing on voriconazole led to a change in antifun-

gal therapy to micafungin (100 mg/day for 7 days) and 

amphotericin B lipid formulation (5 mg/kg/day for 7 days); 

however, the  Aspergillus  galactomannan test was negative. 

Additionally, all immunosuppressive agents were discon-

tinued with the exception of tacrolimus which was kept to 

a minimal dose (0.34 mg/day). No bacterial or viral patho-

gens were detected in culture from the skin. The skin 

lesions continued to spread to the extremities and torso and 

   Fig. 1  Methenamine silver stain of skin showing septate, irregularly-

shaped fungal hyphae and the presence of a swollen thick-walled structure 

(see arrow).  

   Fig. 2  Methenamine silver stain of skin showing fungal hyphae within 

a blood vessel.  
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cultures from normally sterile sites (5 cases were culture 

positive from a respiratory specimen [42 – 46] and 1 case 

described reproductive structures of  Scopulariopsis  in 

pleural fl uid without a positive culture [47]). The reported 

cases as listed in Table 1 had a median age of 37 years 

(range 9 – 72) and represented 22 males and 10 females. Of 

these cases, 11 (34.4%) were identifi ed in patients who had 

an underlying hematological malignancy (9 with leukemia 

and 1 each with non-Hodgkin ’ s lymphoma and multiple 

myeloma). All of these patients had been treated with HDC 

for their diseases with eight undergoing a stem cell trans-

plant (4 from bone marrow and 4 from hematopoietic 

sources). Seven of these patients developed a disseminated 

disease while four patients had a localized deep tissue 

infection recognized (2 involving sinus and 1 each involv-

ing cutaneous and pulmonary). 

 Of the 21 patients without a hematological malignancy, 

15 had recognized underlying diseases including heart dis-

orders (5 cases), complications due to solid organ trans-

plant (3 cases), intravenous drug abuse (2 cases), 

complications due to bone marrow transplant for aplastic 

anemia (2 cases), chronic obstructive pulmonary disease (2 

cases), and chronic granulomatous disease (1 case). Of 

these 21 patients, three had disseminated  Scopulariopsis  

infection (Cases 9, 22, and 32) while the other 18 cases 

had reported localized invasive disease to the skin (7 cases), 

heart (6 cases), brain (2 cases), sinus (2 cases), and lung 

(1 case). Five patients with invasive  Scopulariopsis  disease 

did not have a recognized underlying condition described 

(Cases 1, 5, 7, 26, and 27). Four of these cases developed 

localized deep cutaneous infections (Cases 1, 7, 26, and 

27). The most common specimen for diagnosis in all cases 

was from a deep cutaneous source (11 cases) followed by 

heart tissue (8 cases), and sinus tissue (5 cases). Multiple 

specimen sources were represented to verify disseminated 

disease in nine cases with blood reported as positive in four 

of these cases (Cases 3, 21, 31, and 32). 

 Table 2 describes the histopathological fi ndings and 

methods used to confi rm the identifi cation. Twenty-nine of 

the prior cases had a histopathological description of tis-

sue. The infl ammatory responses, which were described 

for 14 cases (43.8%), showed granulomatous reactions and 

necrosis as the most common descriptions (8 and 7 cases, 

respectively). Twenty-one cases reported the presence of 

septate hyphal elements in tissue, while fi ve indicated 

hyphae without mention of septations (Cases 17, 20, 22, 

23, and 27) and three did not mention hyphae, but described 

the presence of other fungal elements. Tissues from 11 of 

the cases revealed additional structures described as  ‘ vesic-

ular swelling ’  (2 cases),  ‘ conidia/spores ’  (2 cases), and one 

case each of  ‘ large bulbous protrusions ’ ,  ‘ conidia-like bod-

ies ’  ,  ‘ swollen thick-walled structures ’ ,  ‘ moniliform fungal 

elements ’ ,  ‘ globose cells ’ ,  ‘ oblong cells in short chains ’ , 

 ‘ round non-budding bodies ’ , and  ‘ immature/mature perith-

ecia ’ . In addition, eight cases described blood vessel inva-

sion. Only one case described the presence of a brown 

pigment associated with the fungal elements (Case 2). 

 For culture identifi cation methodology, 24 prior cases 

provided information on the micromorphologic identifi ca-

tion methods used (Table 2). Although micromorphologi-

cal characteristics were indicated for 10 cases, the features 

of the fungus were neither described nor illustrated and 

thus, the identity of the species involved cannot be con-

fi rmed. These include two of the cases reported as being 

caused by  S. acremonium  (Cases 14 and 25). Overall, the 

most common species identifi ed was  S. brevicaulis  (13 

cases) followed by  M. cinereus  (4 cases),  M. cirrosus  and 

 S. acremonium  (3 cases each),  S. brumptii  (2 cases), and 

 S. candida  (1 case). In six prior cases, only the  Scopulari-
opsis  genus was reported. Four of the more recent reports 

described the use of genomic sequencing methods to 

confi rm the species identifi cation (Cases 23, 26, 27, and 

32). Three of these cases used the 28S rRNA target to 

identify species (2  M. cirrosus  and 1  S. brevicaulis ) and 

one case did not describe the genomic target (Case 27, 

 S. brevicaulis ).    

 Discussion 

 Invasive mold infections have become more common due 

to the increased practice of providing immunosuppressive 

therapies to treat a variety of conditions [48,49]. Although 

environmental molds such as  Aspergillus,   Fusarium  

and  Scedosporium  species are the more common molds 

   

Fig. 3  Microscopic morphology of  Scopulariopsis brevicaulis  on PDA 

agar after 7 days at 30 ° C showing annellidic conidiogenous cells and 

rough-walled conidia in chains. Phase contrast microscopy was used.  
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recognized as causing disease in this patient group, other 

rare molds such as  Scopulariopsis  ( Microascus ) species 

have emerged as causes of invasive disease and are causing 

major issues in the management of these immunocom-

promised patients [49]. Since 1994, four reviews and 

two mini-reviews (which represented cardiac cases and 

disseminated cases of disease) have described 24 cases 

involving invasive  Scopulariopsis  ( Microascus ) infections 

[12,16,18,33 – 35]. Of these prior cases, 21 met the criteria 

for invasive infection and inclusion in our evaluation. This 

report reviews data from 11 additional prior cases and one 

new case (Case 33) which expands the clinical conditions 

   Table 1  Demographic characteristics of patients with proven invasive  Scopulariopsis  infection reported in the English literature. a   

Case 

No. Age/Gender

Underlying 

Disease

Transplant 

Type Disease Typeb

Culture Positive 

Source(s) Speciesc Reference

1 36/F None None Deep cutaneous Ankle  S. brevicaulis [26]
2 21/M IVDA None Pulmonary Lung  S. brumptii [29]
3 17/M CML Allo-BM Disseminated 

sinus, trachea

Blood, brain, 

lungs,

 Scopulariopsis  species [8]

4 28/M AML None Deep cutaneous Ear  Scopulariopsis  species [8]
5 51/M None None Sinus Sinus  M. cinereus [15]
6 40/M AA Allo-BM Deep cutaneous Great toe  S. brevicaulis [25]
7 43/M None None Deep cutaneous Lip, lymph node  S. brevicaulis [23]
8 12/F NHL None Sinus Sinus  S. candida [18]
9 37/M PSC Liver Disseminated Brain, skin  S. brumptii [21]

10 12/M AML Auto-BM Disseminated Multiple skin lesions  M. cirrosus [32]
11 36/M RF d None Cardiac Heart  S. brevicaulis [11]
12 9/F CGD None Deep cutaneous Arm, chest  M. cinereus [24]
13 67/M AS None Cardiac Heart  S. brevicaulis [14]
14 52/F AML None Sinus Sinus  S. acremonium [16]
15 40/M ND d None Cardiac Heart  M. cinereus [9]
16 72/M COPD, DM None Sinus Nasal septum  Scopulariopsis  species [17]
17 61/M PBC Liver Deep cutaneous Forearm  S. brevicaulis [27]
18 21/F AA Allo-BM Cerebral Brain  M. cinereus [19]
19 33/M IVDA None Cerebral Brain  Scopulariopsis  species [20]
20 38/F RF d None Cardiac Heart  Scopulariopsis  species [10]
21 10/M AML Allo-BM Disseminated Heart, lungs, kidneys, 

thorax, skin, blood

 S. brevicaulis [35]

22 63/M COPD Lung Disseminated Heart, thyroid gland, 

kidneys, lungs, 

stomach

 S. acremonium [38]

23 49/M AML Allo-BM Pulmonary Lung  M. cirrosus [30]
24 67/F RF d None Cardiac Heart  S. brevicaulis [12]
25 50/F MM Allo-HSC Disseminated Brain, sinus  S. acremonium [31]
26 42/F None None Deep cutaneous Skin  S. brevicaulis [22]
27 19/M None None Deep cutaneous Skin  S. brevicaulis [28]
28 56/M CML Allo-HSC Disseminated Lung, skin  Scopulariopsis  species [36]
29 38/F AML Allo-HSC Disseminated Multiple skin lesions, 

stool, sputum

 S. brevicaulis [34]

30 43/M AML Auto-HSC Disseminated Multiple skin lesions  S. brevicaulis [37]
31 58/M MI  d  None Cardiac Heart, blood  S. brevicaulis [13]
32 36/M CF Heart, lung Disseminated Peritoneal blood clots,

blood, pleural fl uid, 

intrapericardial fl uid

 M. cirrosus [33]

33 26/M NHL Allo-HSC Disseminated Multiple skin lesions  S. brevicaulis PR

    Abbreviations:  AML, acute myelogenous leukemia; CML, chronic myelogenous leukemia; MM, multiple myeloma; NHL, nonHodgkin ’ s lymphoma; 

PSC, primary sclerosing cholangitis; PBC, primary biliary cirrhosis; AA, aplastic anemia; RF, rheumatic fever; CGD, chronic granulomatous disease; 

AS, aortic stenosis; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; IVDA intravenous drug abuse; Allo-BM, allogeneic bone 

marrow; Allo-HSC, allogeneic hematopoietic stem cell; Auto-BM, autologous bone marrow; Auto-HSC, autologous hematopoietic stem cell; MI, 

myocardial infarction; CF, cystic fi brosis; PR, present report; ND, not described.   

  a Only includes those cases with histology-proven deep tissue invasion by fungal elements and a positive culture for  Scopulariopsis  ( Microascus ) species. 

Excludes infections of the eye.   

  b A disseminated disease type is described as an infection involving multiple organ systems or necrotic lesions involving two or more noncontiguous 

sites.   

  c Includes anamorphic state ( Scopulariopsis ) or the teleomorphic state ( Microascus ) when recognized.   

  d History of cardiac surgery.   
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   Table   2  Methods used to identify proven invasive infection caused by  Scopulariopsis (Microascus ) species.  

Case 

No.

Histopathology Culture identifi cation

Infl ammatory response Fungal elements present Angioinvasive Method(s) Species Reference

1 Non-caseating 

 granuloma

Branched septate hyphae

Conidia-like bodies

No MC  S. brevicaulis [26]

Swollen thick-walled structures
Intercalary swollen cells

2 Non-caseating granuloma Round nonbudding bodies 

Melanized a 

No MC  S. brumptii  b [29]

3 ND Septate hyphae No MC  Scopulariopsis  species [8]
4 ND Uniform septate hyphae No MC  Scopulariopsis  species [8]

Acute angle branching
Perpendicular branching

5 ND Inmature/mature perithecia No MC c  M. cinereus [15]
Ascospores
Filaments

6 ND Septate hyphae Yes MC  S. brevicaulis [25]
Dichotomous branching

7 Granulomatous Septate hyphae No MC  S. brevicaulis [23]
Necrotic areas Dilated cells

8 Bone necrosis Branching septate hyphae No MC  S. candida  d [18]
9 Acute granulomatous 

Necrosis

ND No MC  S. brumptii [21]

10 ND Branching septate hyphae Yes MC c  M. cirrosus [32]
Moniliform fungal elements

11 ND Branching hyphae No ND  S. brevicaulis [11]
12 Granulomatous Septate hyphae No MC c  M. cinereus [24]

Globose cells
Oblong cells in short chains

13 ND ND No ND  S. brevicaulis [14]
14 ND Thin, septate hyphae Yes ND  S. acremonium  b [16]

Branching
15 ND Septate hyphae No MC c  M. cinereus [9]

Acute angle branching
16 Granulomatous Septate hyphae No MC  Scopulariopsis  species [17]

Necrotic material Conidia-like bodies
17 Dermatic granuloma Long hyphae No ND  S. brevicaulis [27]

Microabscess
PMN leukocytes

18 ND Septate hyphae No MC c  M. cinereus [19]
19 Mononuclear cells Branching septate hyphae Yes MC  Scopulariopsis  species [20]
20 ND Fungal hyphae No ND  Scopulariopsis  species [10]
21 ND Septate true hyphae Yes ND  S. brevicaulis [35]

Vesicular swellings
Conidia

22 Mixed cell infi ltrate Hyphae Yes MC  S. acremonium [38]
Conidia

23 Fungal abscess Dichotomously branching hyphae No MC c  M. cirrosus [30]
Large bulbous protrusions D1/D2

24 ND Septate hyphae No ND  S. brevicaulis [12]
25 Bone necrosis Thin, septate hyphae Yes ND  S. acremonium  b [31]

PMN infi ltrate
26 ND Branching septate hyphae No MC  S. brevicaulis [22]

D1/D2
27 Granulomatous Hyphae No MC  S. brevicaulis [28]

Spores Genomic e 
28 Sparse infl ammation Septate hyphae Yes ND  Scopulariopsis  species [36]

Necrosis Branching at acute angles
29 ND Septate hyphae No MC  S. brevicaulis [34]

Branching at acute angles
Vesicular swelling of different sizes

30 ND ND No ND  S. brevicaulis [37]
31 ND Thin, septate hyphae No MC  S. brevicaulis [13]

Fungus ball
32 ND Septate hyphae No MC c  M. cirrosus [33]

D1/D2
33 Complete necrosis Septate irregular hyphae Yes MC  S. brevicaulis PR

Mononuclear cells Swollen thick-walled structures ITS2

    Abbreviations:  MC, micromorphological characteristics; ND, not described; PR, present report;    PMN, polymorphonuclear.

  a Described as a  ‘ brown pigment ’  of the fungal element in the tissue.   

  b The micromorphological features of the fungus were neither described nor illustrated.   

  c Able to demonstrate mature ascomata (perithecia).   

  d The colonies were described as tan suggesting the possibility of  S. brevicaulis  rather than  S. candida  for which colonies are white.   

  e Genomic target not described.   
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where  Scopulariopsis  infections can occur. Additionally, 

this report provides a unique focused perspective on the 

tissue fi ndings and the laboratory methods used to confi rm 

the identifi cation of the  Scopulariopsis (Microascus)  spe-

cies from culture. 

 Our new case is the fi rst to describe disseminated  Scop-
ulariopsis  infection in a patient with diffuse large B-cell 

lymphoma who underwent an allogeneic HSCT. The devel-

opment of multiple dark skin lesions in distant areas in this 

patient suggested hematologic dissemination from a com-

mon focus of primary infection. Fungal blood cultures 

were done repeatedly on our patient but remained negative. 

Additionally, no onychomycotic primary source was rec-

ognized. The inability to detect this organism in the blood 

in our case and the low incidence of positive blood cultures 

for the disseminated cases reviewed (Cases 3, 21, 31, and 

32) was not unexpected. This failure to detect mold in 

blood has been reported with other disseminated infections 

caused by dry-spored fungi of  Scopulariopsis  or  Aspergil-
lus  [49,50]. In contrast, a high frequency of detection in 

blood cultures of wet-spored fungi such as  Fusarium ,  Sce-
dosporium ,  Acremonium  and  Trichoderma  has been related 

to the potential ability of these fungi to sporulate  in vivo  

(i.e., adventitious sporulation) [49,51 – 55]. Importantly, 

localized invasive skin lesions that were often colored and 

necrotic were found in several patients with invasive  Scop-
ulariopsis  ( Microascus ) infections [21,32,34 – 36, present 

case]. This highlights that skin lesions provide both an 

index of suspicion for disseminated fungal infection in 

immunosuppressed patients when other etiologies cannot 

be identifi ed and a potential source for histopathologic 

examination and culture. 

 The histopathological fi ndings from tissue for our new 

case were similar to those observed with fungi such as the 

 Aspergillus,   Fusarium  and  Scedosporium  species, i.e., the 

presence of hyaline branching septate hyphae. Common 

fi ndings between our case and other  Scopulariopsis  cases 

reviewed were the presence of irregularly-shaped hyphae 

along with swollen thick-walled structures, angioinvasive-

ness and necrotic tissue formation (Table 2). In 12 cases 

where conidia, conidia-like bodies, round or swollen struc-

tures or ascospores were identifi ed (to include the present 

reported case), either deep cutaneous, pulmonary, or sinus 

areas were biopsied, all representing areas where air may 

be present. Conidia of  S. brevicaulis  are frequently present 

in nail samples of patients with onychomycosis and are 

characteristically globose with a fl attened base [6]. The 

swollen structures observed in deep tissues are less likely 

to be conidial in nature because they lack the typical 

conidal shape and are smaller in size. 

  Microascus   cinereus ,  M. cirrosus , and  S. brumptii  pro-

duce dark-brown pigmented colonies  in vitro  suggesting 

that melanin pigment could be used to differentiate these 

fungi in tissue from  Aspergillus  and other hyaline fungi. 

However, among the cases reviewed, only one reported 

brown pigmented hyphae in the tissues (Case 2) [29]. The 

causative agent in this case was identifi ed as  S. brumptii . 
In contrast, there was no report of melanized hyphae in 

tissue in any of the eight cases caused by  M. cinereus ,  M. 
cirrosus , and the other case caused by  S. brumptii . In a case 

caused by  M. cirrosus  (Case 10), Krisher  et   al . evaluated 

tissue using the Fontana-Masson stain but was not able to 

demonstrate melanin in the tissue [32]. Braddley  et   al ., 
although not describing pigmented hyphae in tissue in a 

case of  M. cinereus -caused disease (Case 18), emphasized 

the importance of holding cultures of dematiaceous  Scop-
ulariopsis  species for up to 6 weeks to allow for develop-

ment of ascomata and ascospores because most of the 

dematiaceous species have been recognized as teleomorphs 

in the genus  Microascus  [19]. Additionally, the use of spe-

cial culture media may be required to stimulate ascocarp 

development. However, even with the use of such condi-

tions, some  Microascus  isolates fail to ascosporulate as 

noted by Miossec  et   al . who were able to identify their 

isolate as  M. cirrosus  by sequencing [33]. Thus, it is pos-

sible that isolates identifi ed as  S. brumptii  may be misiden-

tifi ed and in fact represent a teleomorphic species. A further 

complication is that some species of  Microascus , such as 

 M. brevicaulis  ( S. brevicaulis ),  M. manginii  ( S. candida ) 

and  M. niger  ( S. asperula ), are heterothallic, producing 

ascomata only when compatible isolates are mated 

[1,56]. 

 Genomic sequencing of various DNA targets is being 

used with greater frequency to confi rm the species identity 

of molds [57,58]. Reports have shown that the variable 

region of the 28S rRNA gene within the rDNA complex 

can be used as a molecular target to identify  Scopulariop-
sis (Microascus ) species [59 – 61]. Chung  et   al ., Miossec 

 et   al ., and Ustun  et   al . all used sequences from this region 

to identify the species in cases of invasive  Scopulariopsis  

infection [22,30,33]. The internal transcribed spacer (ITS) 

regions (to include both the ITS1 and ITS2 regions) of the 

rDNA complex has also been shown to be useful for fungal 

species identifi cation [57,62]. The ITS2 region was found 

to successfully confi rm the identifi cation of  S. brevicaulis  

from culture in the new case reported in this study. The 

greater use of sequencing will allow for clarifi cation of the 

role of some  Scopulariopsis  species in causing invasive 

infection, including  S. acremonium ,  S. brumptii  and  S. can-
dida  (see comments Table 2). 

 In conclusion, this report expands the clinical condi-

tions in which invasive  Scopulariopsis  infections occur and 

provides an extensive review of the diagnostic methods 

used to identify cases of invasive  Scopulariopsis  reported 
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in the literature. Although microscopic analysis of tissue 

will not distinguish among the various mold pathogens, 

close observations of distinctive fungal elements especially 

the presence of conidia or ascomata may provide valuable 

information in the identifi cation process of  Scopulariopsis  

or other molds. Molecular sequencing, although shown 

to be useful for the identifi cation of fungal species 

from culture, may also be useful to provide a rapid and 

accurate identifi cation of the uncommon pathogens such as 

 Scopulariopsis  directly from tissue.         
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