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39 y.o **** with ALL Ph+ s/p recent Blinatumomab 
awaiting haploidentical (mother) PBSCT.

• Presents with generalized weakness, dizziness and shortness
of breath on standing and bright red blood in stool.

• Admitted to ICU for pancytopenia and hypotension with
tachycardia.

• Prolonged neutropenia ~3 months.



39 y.o **** with ALL Ph+ s/p recent Blinatumomab 
awaiting haploidentical (mother) PBSCT. 
Prolonged neutropenia ~3 months
• Prophylaxis meds

• Bactrim MWF

• Fluconazole 400mg daily

• Acylcovir 400 mg BID

• Cefdinir 300 mg BID (allergy to levofloxacin)



39 y.o **** with ALL Ph+ s/p recent Blinatumomab 
awaiting haploidentical (mother) PBSCT. 
Prolonged neutropenia ~3 months
• Pan-scanned:

• CT Chest: multifocal bilateral consolidations and groundglass opacities
with subtle cavitary component in the RUL.

• ID is consulted.



39 y.o **** with ALL s/p recent Blinatumomab awaiting haploidentical (mother) 
PBSCT. 
Prolonged neutropenia ~3 months.
New pulmonary consolidations and GGOs

• Poll question: What’s at the top of your differential diagnoses?

• Invasive mold infection. - it’s always mold.

• Endemic fungi – are you hiding social history for a reason?

• Bacterial – you’re missing a lot of gram negative coverage with cefdinir

• Viral – CMV, respiratory viruses: fall season

• Non-infectious



Pulmonary consolidations in neutropenic 
patient DDX?

• Invasive fungal disease:
• Aspergillus
• Mucorales
• Fusarium 
• Cryptococcus 
• Endemic fungi 

• Viruses 
• CMV
• Adenovirus
• RSV
• Other respiratory 

viruses

• Bacterial
• PJP
• Legionella
• Mycoplasma
• Gram+ Gram –
• Nocardia 
• Toxoplasmosis 
• Mycobacteria

• Non infectious
• Lymphoma

• Posttransplant 
lymphoprolifera
tive disease

• Pulmonary 
hemorrhage

• COP

• Leukemic 
infiltrates

• Peri-
engraftment 
respiratory 
distress 
syndrome. 



39 y.o **** with ALL s/p recent Blinatumomab awaiting haploidentical (mother) 
PBSCT. 
Prolonged neutropenia ~3 months.
New pulmonary consolidations and GGOs

• ID’s social history

• Travel hx:
• Lived in Arizona
• Been to Ohio

• Jobs
• Lowe’s lumber department for the last 2 years.
• Cleaning company x 2 years.
• Call center x 10 years

• No tobacco, EtOH or IVDU. Occasional marijuana gummy.
• 7 tattoos >5 years old, performed in a tattoo parlor
• Pets: 1 cat



39 y.o **** with ALL s/p recent Blinatumomab awaiting haploidentical (mother) 
PBSCT. 
Prolonged neutropenia ~3 months.
New pulmonary consolidations and GGOs

Hyper CVAD 
4 Cycles

POMP Blinatumomab EPOCH +
inotuzumab

Residual/
recurrent ALL

Induction Maintenance Salvage chemo

• Oncology hx timeline

Blinatumomab

Consolidation



39 y.o **** with ALL s/p recent Blinatumomab awaiting haploidentical (mother) 
PBSCT. 
Prolonged neutropenia ~3 months.
New pulmonary consolidations and GGOs

• ID’s physical exam

BP: 83/64, HR: 104, SpO2: 98% RA, RR: 20, T: 37.2

WBC 0.5, ANC 0.3, ALC 0.18. Hgb 3.5.  PLT 15. INR 1.6.



39 y.o **** with ALL s/p recent Blinatumomab awaiting haploidentical (mother) 
PBSCT. 
Prolonged neutropenia ~3 months.
New pulmonary consolidations and GGOs and new skin nodules.

• Poll question: Empiric treatment initiation

A. AmBisome® and micafungin 
B. AmBisome® and Posaconazole
C. AmBisome® and voriconazole
D. AmBisome® monotherapy
E. Posaconazole monotherapy
F. Voriconazole monotherapy



39 y.o **** with ALL s/p recent Blinatumomab awaiting haploidentical (mother) 
PBSCT. 
Prolonged neutropenia ~3 months.
New pulmonary consolidations and GGOs and new skin nodules.

• Next steps

BAL Skin 
BIOPSY



BAL results
• RML

• Mucorales PCR negative
• Legionella PCR negative
• Fungal PCR negative
• Aspergillus PCR negative
• Nocardia cx negative
• Culture gram stain negative, 

OP flora
• Fungal culture: candida 

glabrata

• AFB negative
• RUL

• Fungal PCR: Aspergillus 
Fumigatus

• Aspergillus PCR: Aspergillus 
Fumigatus

• Aspergillus GM: >7.3
• Fungal culture: candida 

glabrata

39 y.o **** with ALL s/p recent Blinatumomab awaiting haploidentical (mother) 
PBSCT. 
Prolonged neutropenia ~3 months.
New pulmonary consolidations and GGOs and new skin nodules.



Skin 
biopsy

• What kind of 
stain is this?

• What do you see?

• Hematoxylin and 
eosin (H&E) stain 
and may show 
pigmented 
hyphae



Gomori’s methenamine 
silver stain



Fontana–Masson 
stain



39 y.o **** with ALL s/p recent Blinatumomab awaiting haploidentical (mother) 
PBSCT. 
Prolonged neutropenia ~3 months.
New pulmonary consolidations and GGOs and new skin nodules.
BAL + GM and Aspergillus Fumigatus.

• Poll question: Any guesses?

A. Aspergillus  non fumigatus spp
B. Fusarium species complex
C. Mucorales
D. phaeohyphomycosis.
E. Dematiaceous fungi
F. Candida albicans 



Path report of skin tissue

Slides Test Result

A1-2 Gomori's Methenamine Silver
Highlights fungal hyphae with 

septations.

A1-3 Fontana Masson
Highlights melanin within 

fungal walls of hypha

The presence of melanin within the fungal wall is consistent with 

phaeohyphomycosis.

• Invasive filamentous fungi with likely melanin pigment is seen in the subcutaneous 

tissue. Histology is not able to speciate, but the morphology is concerning for 

phaeohyphomycosis.

 



Skin biopsy results

• Fungal PCR: Exophiala dermatitidis or Exophiala dopicola
• Mucorales PCR negative
• Aspergillus PCR negative
• Fungal culture:  Exophiala dermatitidis 

39 y.o **** with ALL s/p recent Blinatumomab awaiting haploidentical (mother) 
PBSCT. 
Prolonged neutropenia ~3 months.
New pulmonary consolidations and GGOs and new skin nodules.
BAL + GM and Aspergillus Fumigatus.



39 y.o **** with ALL s/p recent Blinatumomab awaiting haploidentical PBSCT. 
Prolonged neutropenia ~3 months.
New pulmonary consolidations and GGOs and new skin nodules.
BAL + GM and Aspergillus Fumigatus.  Tissue (skin) + Exophiala dermatitidis

• Poll question: Now, how would you treat?

A. Continue Ambisome and voriconazole
B. Voriconazole monotherapy
C. Ambisome + Vori + Terbinafine
D. Vori + Micafungin
E. Posaconazole monotherapy
F. Vori + Terbinafine



Phaeohyphomycosis

• Phaeohyphomycosis is a cluster of 
infectious syndromes caused by a 
group of darkly pigmented fungi, 
often referred to as “dematiaceous” 
or “melanized” molds in the 
literature.

>150 species and 70 genera implicated in human disease.
The term phaeohyphomycosis was coined in 1974 referring to tissue invasion by 
pigmented septate hyphae and describes a large variety of clinical syndromes. 



Clinical syndromes a/w Phaeohyphomycosis

Arcobello, J. T., & Revankar, S. G. (2020).



Dematiaceous fungi associated with invasive disease
Arcobello, J. T., & Revankar, S. G. (2020).



Phaeohyphomycosis   

• Ubiquitous, present in soil.
• Specific niches: Exophiala species - toxic mines and steam baths.

• Subq lesions – minor trauma is the usual inciting factor

Arcobello, Revankar. Semin Respir Crit Care Med(2020)

Wong, Revankar. Inf Dis Clin N Am (2016)



39 y.o **** with ALL s/p recent Blinatumomab awaiting haploidentical PBSCT. 
Prolonged neutropenia ~3 months.
New pulmonary consolidations and GGOs and new skin nodules.
BAL + GM and Aspergillus Fumigatus.  Tissue (skin) + Exophiala dermatitidis

• Poll question: I’m curious. Do you use dual therapy for Invasive 
pulmonary aspergillosis?

A. Yes, always.
B. Yes, selected cases.
C. Never.



39 y.o **** with ALL s/p recent Blinatumomab awaiting haploidentical PBSCT. 
Prolonged neutropenia ~3 months.
New pulmonary consolidations and GGOs and new skin nodules.
BAL + GM and Aspergillus Fumigatus.  Tissue (skin) + Exophiala dermatitidis

Hospital course:
• She had EGD/Colonoscopy done. 
• Found to have several ulcerated nodules in colon. 
• We were concerned of fungal invasion in colon.
• But  biopsy x2 were negative for fungal disease. 
• Her planned haplo donor was medically deferred.



39 y.o **** with ALL s/p recent Blinatumomab awaiting haploidentical PBSCT. 
Prolonged neutropenia ~3 months.
New pulmonary consolidations and GGOs and new skin nodules.
BAL + GM and Aspergillus Fumigatus.  Tissue (skin) + Exophilia dermatitidis

Clinical outcome:
• 1 month outpatient f/u:

• Chest CT revealed multiple B/L nodule slightly decreased in size

• Voriconazole level: therapeutic.
• Asymptomatic.
• 2 months post: CAR-T cell therapy with bridging w/ Inotuzumab.
• C/b CRS, polymicrobial bacteremia, fungemia, GI bleed, recurrent c 

diff.
• Autopsy report: Relapsed/refractory B-Cell acute lymphocytic leukemia and Recurrent Clostridium difficile 

colitis infection with pseudomembranes and superimposed invasive Candida glabrata infection in small and large 
bowel 



Literature review: Mixed fungal infections



• Single center study from Stockholm 
• Epi and outcome on IMI  from 2005-2009 
• N = 100 
• (13) = >1 mold was identified     → 7 proven / 6 

probable     
• IA + Invasive mucormycoses (6)
• IA + Fusariosis  (2)
• IA  + S. apiospermum + Scyalicidium dimediatum  (1)
• IA + Fusairum solani + Saksenia vasiformis + S. 

apiospermum + S. dimediatum (1)
• Two aspergillus spp 

• (3) had Hematologic malignancies. (AML and ALL)
• (4) Allo HSCT
• (1) Solid tumor
• Infections 

• (2) had disseminated
• (5) pulmonary 
• (2) pulm + sinusitis
• (2) deep wound infections

Mixed fungal infections- Epidemiology

Klingspor. Mycoses. (2015)



• Retrospective review (1989-2015).

• N = 7183 autopsy reports with Acute 
leukemia and MDS

• N =1562 visceral mycoses 

• Mixed infection = 6.5% (total)

Mixed fungal infections– Epidemiology 

Togano. Med mycology. 2021



Mixed mold infections– Epidemiology 

Togano. Med mycology. 2021



Mixed fungal infections– Epidemiology 

Togano. Med mycology. 2021



• Single center retrospective review (2014-2017)
• Fungal infections in post-renal tx recipients
• N = 550 (total renal transplants)

• 56 - IFI
• 20 – Dual infection (but includes bacteria and viral co-infection)

• Aspergillus + (mucormycosis, bacteria [unspecified], scedosporium, mycobacteria)
• PJP + (CMV, Nocardia)

Mixed fungal infections– Epidemiology 

Gupta et al. Indian Journal of Pathology and Microbiology. 2020



• N = 46   (2 proven, 31 probable, 11 possible)
• Mucorales PCR positive in 4 cases of IA  

(8.7%)  - probable
• Controls (no IA) – Mucorales DNA detected in 2  

but only + in 1  (Cycle threshold median 32.5)

• Clinical significance remains unclear, 
mortality was not different between the 
cases*

*all 4 cases treated with drugs with well-known 
activity against Mucorales)

Mixed fungal infections– Epidemiology 

Aerts et al. Frontiers in Cellular and Infection Microbiology. 2022.



• N = 374 total  -> 24 positive BALf PCR
• Mixed infection with Aspergillus 6/24 (25%)

• Only 1/6 detected using culture method

Mixed fungal infections– Epidemiology 

Sherer et al. Journal of Clinical Microbiology. 2018



• 1156 patient with HM and fungal pneumonia = Only 27 (2%) with 
mixed mold pulmonary infections

• Co-infections: Aspergillus spp (>1), with mucor, fusarium , 
scedosporium, paecilomyces.

• Outcome not statistically different compared to IPA (Aspergillus 
fumigatus)

Mixed fungal infections– Epidemiology 

Magira et al. Mycoses. 2018



• N = 15 patients included 

• Treated with Isavuconazole

• Comparable all-cause mortality rate in 
patients with mixed fungal infections 
vs with mucormycosis only

Mixed fungal infections– Epidemiology 

Marty et al. Mycoses. 2018



• Aspergillus most common pathogen a/w mixed infections.
• Mixed infections prevalence rate: 20-25% (PCR era)
• Previous literature: mixed infections 4%  based on conventional 

microbiological procedures  (culture and microscopy)
• Comparable mortality (one vs multiple mold infections)

• Could be explained by the widespread empiric use of broad spectrum 
antifungal therapy

• Case reports: severe infections of more than one mold have been 
reported.

• Caveats: not a lot of autopsy reports, so unclear clinical 
significance.

Mixed fungal infections– Take home points

Sherer et al. Journal of Clinical Microbiology. 2018

Millon et al. Clinical Microbiology and Infection. 2022

Garcia-Vidal et al. CID. 2008
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Thank you!
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