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CASE REPORT

Hematogenous dissemination of pulmonary 
mucormycosis manifested as multiple 
subcutaneous nodules: a case report and review 
of the literature
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Abstract 

Background: Disseminated mucormycosis presenting with multiple subcutaneous nodules is a rare condition with a 
poor prognosis, and delayed diagnosis and treatment is common.

Case presentation: We report a case of 64-year-old Thai woman with colorectal cancer who initially presented with 
Acinetobacter baumannii pneumonia and respiratory failure. Following 10 days after her admission to the intensive 
care unit, she developed hospital-acquired pneumonia. Five days later, multiple subcutaneous nodules appeared on 
both arms and both legs. Bronchoalveolar lavage and skin biopsy cultures both grew Mucor spp. She was diagnosed 
with disseminated mucormycosis and was treated with liposomal amphotericin B at a dose of 5 mg/kg/day. Despite 
treatment, our patient succumbed to septic shock and multiorgan failure on the third day after definitive diagnosis.

Conclusions: This case demonstrates that the subcutaneous nodules caused by hematogenously disseminated 
mucormycosis are unusual in a patient with a solid tumor. Clinicians should be aware of this atypical presentation of 
mucormycosis in patients with solid tumors.
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Background
Mucormycosis is a fungal infection that is caused by dif-
ferent fungi of the order Mucorales. The predominant 
species, including Rhizopus spp., Mucor spp. and Lich-
theimia spp., are typically found in decaying organic 
material and in soil [1]. Infection occurs via inhalation 
of sporangiospores, direct inoculation transmission, or 
ingestion [2]. The conditions that most strongly predis-
pose a person to mucormycosis include diabetes mellitus 
with or without ketoacidosis, hematologic malignancies, 

solid organ and hematopoietic stem cell transplantation, 
corticosteroid use, trauma, iron overload, and malnour-
ished status [3–5]. The disease is associated with exten-
sive angioinvasion, thrombosis, tissue infarction and 
necrosis, and subsequent hematogenous dissemination 
of the fungi [3, 6]. The patterns of mucormycosis mani-
festation/involvement include rhino-orbito-cerebral, pul-
monary, cutaneous, gastrointestinal, and/or disseminated 
infection. Of those, rhino-orbito-cerebral and pulmonary 
mucormycosis are the most prevalent types of mucormy-
cosis [7].

Disseminated mucormycosis, which is defined as 
infection involving at least two non-contiguous sites, is 
the most severe type of mucormycosis, and it is associ-
ated with profound immunosuppression [8]. Disease 
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dissemination occurs in up to 40% of patients with hema-
tologic malignancies [9], but it is less common in patients 
with solid tumors [4]. Patients with disseminated mucor-
mycosis may have secondary cutaneous involvement, 
with contiguous spreading from rhino-orbito-cerebral 
mucormycosis being the most common presentation, 
especially in diabetic patients [10]. Secondary cutaneous 
lesions resulting from hematogenous dissemination from 
other organs have only rarely been reported [11].

Here, we report a case of disseminated mucormyco-
sis in a critically ill female patient diagnosed with solid 

tumor who presented with multiple skin lesions resulting 
from disseminated pulmonary mucormycosis. This is an 
unusual clinical presentation in a patient with this clini-
cal and immunosuppression profile.

Case presentation
A 64-year-old Thai woman presented at the emergency 
department of our center with fever, cough, and short-
ness of breath for 1 day. She had a history of hyperten-
sion, well-controlled asthma, and adenocarcinoma of 
the sigmoid colon stage 3. She underwent sigmoidec-
tomy 4  months earlier, and completed the fourth cycle 
of adjuvant chemotherapy (capecitabine and oxalipl-
atin) 2  weeks earlier without infectious complication. 
At admission, the patient was febrile (body temperature 
38 °C), and she had tachycardia, tachypnea, and hypoten-
sion. Her oxygen saturation was 70% on room air. Chest 
auscultation showed decreased breath sounds in the 
right upper lung field. The remainder of the examination 
was unremarkable. Chest X-ray showed right upper lobe 
consolidation. Laboratory investigations revealed hemo-
globin of 8.8 g/dl; white blood cell count of 22,610/mm3 
with 40% neutrophils, 2% lymphocytes, and 32% band 
forms; and, platelets of 188,000/mm3. Blood chemistry 
showed blood urea nitrogen of 31.5 mg/dl and creatinine 
of 1.03  mg/dl. Her liver function tests were within nor-
mal ranges.

She was admitted to the intensive care unit, and was 
diagnosed with severe community-acquired pneumonia 
with respiratory failure and septic shock. She was intu-
bated, and was treated with intravenous meropenem, 
vasopressor, and hydrocortisone. Both sputum and blood 
cultures yielded Acinetobacter baumannii susceptible 

Fig. 1 Plain radiograph of the chest on day 11 of hospital admission. 
Opacity at the right upper and left lower lung fields can be observed

Fig. 2 Multiple subcutaneous nodules on both arms and both legs (A–B)
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to carbapenems. On the third day after admission, she 
developed acute kidney injury which necessitated prompt 
initiation of continuous renal replacement therapy. 
Clinical improvement was then observed after 10  days 
of intravenous antibiotic therapy. Hydrocortisone for 
septic shock treatment was given at 200 mg per day for 
10 days followed by tapering dose to complete 15 days of 

corticosteroid therapy. Her blood sugars were between 
130 and 170 mg/dl.

However, her respiratory status worsened on the 11th 
day of admission despite hemodynamic stability. Chest 
X-ray showed new patchy infiltrations at the left lower 
lung field (Fig.  1). CT chest could not be performed 
due to her unstable respiratory conditions. Bronchos-
copy revealed normal airway mucosa with purulent 
bloody secretions. Culture of the bronchoalveolar lav-
age (BAL) was positive for carbapenem-resistant Kleb-
siella pneumoniae. BAL culture for acid-fast bacilli was 
negative. BAL galactomannan was positive at an opti-
cal density of 4.01, but fungal culture was still pending. 
Serum galactomannan was negative. She was treated 
with intravenous fosfomycin, colistin, and voriconazole. 
The voriconazole was given as the empirical treatment 
for probable invasive aspergillosis due to the positivity of 
BAL galactomannan.

On the 16th day of admission, after 1-day of hydro-
cortisone discontinuation, she developed multiple dis-
crete ill-defined erythematous subcutaneous nodules on 
both arms and both legs (Fig.  2A, B). The lesions were 
1–5  cm in diameter, and some were bullous lesions. To 
confirm diagnosis, a skin biopsy of a lesion on her left 
arm was performed. Histopathologic study of tissue 
sections revealed lobular panniculitis with suppurative 
granulomatous inflammation, and the presence of rare 
non-septate broad hyaline molds. Hematoxylin and Eosin 
(H&E) (Fig.  3A), Periodic acid-Schiff (PAS) (Fig.  3B) 
and Gomori methenamine silver (GMS) stains (Fig. 3C) 
showed positive for rare non-septate broad hyaline 
molds. Fungal culture of the skin biopsy revealed Mucor 
species. The fungal culture of the BAL specimen that 
was performed 5 days earlier also showed Mucor species 
(Fig.  4A, B). Fungal hemoculture was reported as nega-
tive result. She was then diagnosed with disseminated 
mucormycosis. Antifungal therapy was then changed to 
intravenous liposomal amphotericin B at a dose of 5 mg/
kg/day. Despite treatment, our patient succumbed due to 
septic shock and multiorgan failure on the third day after 
definitive diagnosis.

Discussion
The incidence of mucormycosis is increasing [12–14]. 
In the past, diabetes was acknowledged as a major risk 
factor; however, malignancy has emerged as another 
important risk factor [15, 16]. Some small cohort stud-
ies reported data on mucormycosis in severely ill patients 
[11, 17–20].

Cutaneous manifestation of mucormycosis could 
reflect either primary disease or secondary involvement 
from other organs. The common sites of involvement 

Fig. 3 Hematoxylin and eosin (H&E × 400) stain (A), Periodic 
acid-Schiff (PAS × 400) stain (B) and Gomori methenamine silver 
(GMS × 400) stain (C). Skin biopsy of a subcutaneous nodule from the 
left arm showed broad rare septate broad hyphae with 90° branching
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are the upper and lower extremities (46%) [4]. Primary 
cutaneous mucormycosis is often acquired via direct 
inoculation, and it occurs mainly in previously immu-
nocompetent patients with massive soft tissue trauma, 
including burn injury, or in immunocompromised 
patients with minor skin trauma [21]. Skiada et  al. [4, 
21] and Roden et al. [22] reported that 40–50% of cases 
with cutaneous mucormycosis were immunocompe-
tent. Typical lesions were indurated erythematous to 
purple plaques that could become necrotic and can 
develop into eschar [10]. Secondary cutaneous mucor-
mycosis can result from rhino-cerebral disease with 
contiguous spread from the sino-orbital area, or from 
hematogenous dissemination from the other organs; 
however, the first mechanism has been more com-
monly reported. The most common cutaneous finding 
is a necrotic eschar, especially at the rhinofacial area 
[23]. In contrast, cases with hematogenous dissemina-
tion, such as our patient, have been only rarely reported 
in the literature. From a review of 929 reported cases 
of mucormycosis published before 2004, only 3% of 
cutaneous lesions were considered to be the result of 
dissemination to the skin [11]. Similarly, the largest lit-
erature review of cutaneous mucormycosis by Skiada 
et  al. during 2004–2008 and 2009–2010 reported only 
one patient (1/119, 0.8%) with cutaneous mucormyco-
sis resulting from hematogenous dissemination [4, 21]. 

In 2009, Dizbay, et al. reported the case of an 83-year-
old woman with diabetes mellitus who was admitted 
to the intensive care unit [24]. She developed multiple 
erythematous nodules at her right hand, and the results 
of histopathology were compatible with mucormycosis. 
Hemoculture performed 6 days earlier and skin biopsy 
culture both grew Mucor circinelloides. She was treated 
with conventional amphotericin B; however, she died 
despite receiving appropriate antifungal treatment.

Comparing the immediately aforementioned case 
report with our patient, both patients were critically 
ill, and both had some degree of immunosuppression. 
Nevertheless, our patient received hydrocortisone at 
dosage of 2000 mg, which is equivalent to prednisolone 
at dosage of 500  mg. A previous study demonstrated 
that high corticosteroid use (> 600  mg) was associated 
with mucormycosis [25]. Recent multicenter study also 
showed corticosteroid treatment as important risk fac-
tor of mucormycosis in COVID-19 patients [26]. The 
outcomes were grave in both cases despite the adminis-
tration of appropriate antifungal treatment.

Diagnosis of mucormycosis with cutaneous mani-
festation is quite difficult since most physicians are 
unfamiliar with the disease spectrum. Histopathology 
remains the standard diagnostic method. The biopsy 
specimen should be taken from the center of the lesion, 
and should include subcutaneous tissue because the 

Fig. 4 Macroscopic morphology showed a white to gray fluffy lollipop colony compatible with Mucorales (A). Microscopic morphology on 
lactophenol cotton blue staining showed spherical sporangium with no rhizoids (B)
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fungi usually invade blood vessels in the deep cutane-
ous and subcutaneous layer [4]. Fungal culture is posi-
tive in only 50% of overall cases of mucormycosis. A 
previous study reported a higher rate of positive culture 
if the tissue was obtained from the skin and subcuta-
neous lesions (78%). Galactomannan has no significant 
benefit for diagnosing mucormycosis [27]. The positive 
BAL galactomannan in our patient was quite high. We 
hypothesized that it could be the result of mixed fungal 
infection or Aspergillus colonization.

Treatment of mucormycosis consists of early antifun-
gal treatment, adequate surgery, and reversal of immu-
nosuppression [27]. The recent guidelines describe 
liposomal amphotericin B as the current first-line ther-
apy [28, 29]. Radical surgery is crucial in patients with 
locally extensive cutaneous involvement; however, role 
of surgical debridement in patients with multiple cuta-
neous lesions remains unclear.

The significance of the case described relates to an 
episode of disseminated mucor, including skin manifes-
tations, in a patient with a history of solid tumor and 
recent prolonged steroid use. Thus, the presence of 
subcutaneous nodules with bleb or necrosis in a criti-
cally ill patient should prompt further investigation to 
exclude mucormycosis as the possible cause.

Conclusions
Disseminated mucormycosis can occur in critically 
ill patients. Cutaneous involvement as a result of dis-
seminated mucormycosis is a rare, but serious disease. 
Early diagnosis and appropriate antifungal therapy are 
needed to improve patient outcome.

Abbreviations
BAL: Bronchoalveolar lavage; H&E: Hematoxylin and eosin; PAS: Periodic acid-
Schiff; GMS: Gomori methenamine silver.

Acknowledgements
None

Authors’ contributions
AT: conceptualization and writing of the original draft of the manuscript. PC: 
investigation and resources. PS: investigation and resources. PP: conceptualiza-
tion, supervision, and critical review of the manuscript for important intellec-
tual content. All authors read and approved the final manuscript.

Funding
This was an unfunded study.

Availability of data and materials
All data generated during this study are included in this published article.

Declarations

Ethics approval and consent to participate
Ethics approval was waived by our center’s institutional review board due to 
the single-case report design of this study.

Consent for publication
Written informed consent to publish data and images specific to this case was 
obtained from the family of the patient profiled in this report. A copy of the 
signed consent form is available from the corresponding author upon written 
request by the journal editor.

Competing interests
All authors declare no competing interests.

Author details
1 Division of Infectious Diseases and Tropical Medicine, Department of Medi-
cine, Faculty of Medicine Siriraj Hospital, Mahidol University, 2 Wanglang Road, 
Bangkoknoi, Bangkok 10700, Thailand. 2 Department of Microbiology, Faculty 
of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand. 3 Depart-
ment of Pathology, Faculty of Medicine Siriraj Hospital, Mahidol University, 
Bangkok, Thailand. 

Received: 30 November 2021   Accepted: 19 February 2022

References
 1. Binder U, Maurer E, Lass-Flörl C. Mucormycosis—from the pathogens to 

the disease. Clin Microbiol Infect. 2014;20:60–6.
 2. Lewis RE, Kontoyiannis DP. Epidemiology and treatment of mucormyco-

sis. Future Microbiol. 2013;8(9):1163–75.
 3. Petrikkos G, Skiada A, Lortholary O, Roilides E, Walsh TJ, Kontoyiannis DP. 

Epidemiology and clinical manifestations of mucormycosis. Clin Infect 
Dis. 2012;54(Suppl 1):S23-34.

 4. Skiada A, Pavleas I, Drogari-Apiranthitou M. Epidemiology and diagnosis 
of mucormycosis: an update. J Fungi. 2020;6(4):265.

 5. Prakash H, Chakrabarti A. Global epidemiology of mucormycosis. J Fungi. 
2019;5(1):26.

 6. Walsh TJ, Gamaletsou MN, McGinnis MR, Hayden RT, Kontoyiannis DP. 
Early clinical and laboratory diagnosis of invasive pulmonary, extrapul-
monary, and disseminated mucormycosis (zygomycosis). Clin Infect Dis. 
2012;54(Suppl 1):S55-60.

 7. Jeong W, Keighley C, Wolfe R, Lee WL, Slavin MA, Kong DCM, et al. The 
epidemiology and clinical manifestations of mucormycosis: a system-
atic review and meta-analysis of case reports. Clin Microbiol Infect. 
2019;25(1):26–34.

 8. Serris A, Danion F, Lanternier F. Disease entities in mucormycosis. J Fungi. 
2019;5(1):23.

 9. Pagano L, Offidani M, Fianchi L, Nosari A, Candoni A, Picardi M, 
et al. Mucormycosis in hematologic patients. Haematologica. 
2004;89(2):207–14.

 10. Castrejón-Pérez AD, Welsh EC, Miranda I, Ocampo-Candiani J, Welsh O. 
Cutaneous mucormycosis. An Bras Dermatol. 2017;92(3):304–11.

 11. Claustre J, Larcher R, Jouve T, Truche A-S, Nseir S, Cadiet J, et al. 
Mucormycosis in intensive care unit: surgery is a major prognostic 
factor in patients with hematological malignancy. Ann Intensive Care. 
2020;10(1):74.

 12. Chakrabarti A, Das A, Mandal J, Shivaprakash MR, George VK, Tarai B, et al. 
The rising trend of invasive zygomycosis in patients with uncontrolled 
diabetes mellitus. Med Mycol. 2006;44(4):335–42.

 13. Guinea J, Escribano P, Vena A, Muñoz P, Martínez-Jiménez MDC, Padilla B, 
et al. Increasing incidence of mucormycosis in a large Spanish hospital 
from 2007 to 2015: epidemiology and microbiological characterization of 
the isolates. PLoS ONE. 2017;12(6):e0179136.

 14. Saegeman V, Maertens J, Meersseman W, Spriet I, Verbeken E, Lagrou K. 
Increasing incidence of mucormycosis in University Hospital, Belgium. 
Emerg Infect Dis. 2010;16(9):1456–8.

 15. Prakash H, Ghosh AK, Rudramurthy SM, Singh P, Xess I, Savio J, et al. A 
prospective multicenter study on mucormycosis in India: epidemiology, 
diagnosis, and treatment. Med Mycol. 2019;57(4):395–402.

 16. Corzo-León DE, Chora-Hernández LD, Rodríguez-Zulueta AP, Walsh TJ. 
Diabetes mellitus as the major risk factor for mucormycosis in Mexico: 



Page 6 of 6Taweesuk et al. BMC Infectious Diseases          (2022) 22:220 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

epidemiology, diagnosis, and outcomes of reported cases. Med Mycol. 
2018;56(1):29–43.

 17. Herrero EH, Sánchez M, Agrifoglio A, Cachafeiro L, Asensio MJ, Galván 
B, et al. Cutaneous mucormycosis in the ICU. Crit Care. 2015;19(Suppl 
1):P88-P.

 18. Jestin M, Azoulay E, Pène F, Bruneel F, Mayaux J, Murgier M, et al. Poor 
outcome associated with mucormycosis in critically ill hematological 
patients: results of a multicenter study. Ann Intensive Care. 2021;11(1):31.

 19. Sindhu D, Jorwal P, Gupta N, Xess I, Singh G, Soneja M, et al. Clinical 
spectrum and outcome of hospitalized patients with invasive fungal 
infections: a prospective study from a medical ward/intensive care unit of 
a teaching hospital in North India. Infez Med. 2019;27(4):398–402.

 20. Rothe K, Braitsch K, Okrojek R, Heim M, Rasch S, Verbeek M, et al. Clinical 
and microbiological features and outcomes of mucormycosis in critically 
ill patients. Int J Infect Dis. 2021;109:142–7.

 21. Skiada A, Petrikkos G. Cutaneous zygomycosis. Clin Microbiol Infect. 
2009;15:41–5.

 22. Roden MM, Zaoutis TE, Buchanan WL, Knudsen TA, Sarkisova TA, 
Schaufele RL, et al. Epidemiology and outcome of zygomycosis: a review 
of 929 reported cases. Clin Infect Dis. 2005;41(5):634–53.

 23. Bonifaz A, Vázquez-González D, Tirado-Sánchez A, Ponce-Olivera RM. 
Cutaneous zygomycosis. Clin Dermatol. 2012;30(4):413–9.

 24. Dizbay M, Adisen E, Kustimur S, Sari N, Cengiz B, Yalcin B, et al. Fungemia 
and cutaneous zygomycosis due to Mucor circinelloides in an intensive 
care unit patient: case report and review of literature. Jpn J Infect Dis. 
2009;62(2):146–8.

 25. Kontoyiannis DP, Wessel VC, Bodey GP, Rolston KV. Zygomycosis in the 
1990s in a tertiary-care cancer center. Clin Infect Dis. 2000;30(6):851–6.

 26. Patel A, Agarwal R, Rudramurthy SM, Shevkani M, Xess I, Sharma R, et al. 
Multicenter epidemiologic study of coronavirus disease-associated 
mucormycosis, India. Emerg Infect Dis. 2021;27(9):2349–59.

 27. Phoompoung P, Luong M-L. Treatment of non-aspergillus mold infec-
tions: a focus on mucormycosis and fusariosis. Curr Treat Options Infect 
Dis. 2019;11:401–17.

 28. Cornely OA, Alastruey-Izquierdo A, Arenz D, Chen SCA, Dannaoui E, 
Hochhegger B, et al. Global guideline for the diagnosis and management 
of mucormycosis: an initiative of the European Confederation of Medical 
Mycology in cooperation with the Mycoses Study Group Education and 
Research Consortium. Lancet Infect Dis. 2019;19(12):e405–21.

 29. Peri AM, Verna M, Biffi S, Alagna L, Longhi B, Migliorino GM, et al. Combi-
nation antifungal therapy for invasive mold infections among pediatric 
patients with hematological malignancies: data from a real-life case-
series. Pathog Immun. 2019;4(2):180–94.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Hematogenous dissemination of pulmonary mucormycosis manifested as multiple subcutaneous nodules: a case report and review of the literature
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion
	Conclusions
	Acknowledgements
	References


