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Abstract



Cutaneous mucormycosis may be caused by direct inoculation or hematogenous spread of
mucormycetes in immunocompromised patients. Skin biopsy is characterized by a deep fungal
infection with frequent angioinvasion. The fungal hyphae can usually be identified on
hematoxylin-eosin stain. We report a case of cutaneous angioinvasive mucormycosis in which
the fungi were also visualized on direct immunofluorescence. A 57-year-old patient with
relapsed myelodysplastic syndrome status-post allogeneic hematopoietic cell transplant, diabetes
mellitus, and graft-versus-host disease presented with painful, palpable, dark red to violaceous
retiform purpuric plaques. Light microscopy of punch biopsy revealed numerous broad, ribbon-
like, pauci-septate hyphae in the dermis with angioinvasion, consistent with mucormycosis.
Direct immunofluorescence performed on a concurrent biopsy to exclude immune complex
vasculitis demonstrated smooth IgG, IgA (weak), IgM (faint), and C3 deposition on the hyphal
structures, compatible with antibody-coated fungi. Tissue culture subsequently confirmed Mucor
species. Although mucormycosis was readily diagnosable on routine light microscopy in this
case, recognition of the unique phenomenon of antibody-coated fungi can be crucial when the

invasive fungi are sparse or only present in the direct immunofluorescence specimen.
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Introduction



Mucormycosis is a rare disease caused by fungi of the order Mucorales, most commonly
Rhizopus and Mucor species. Increased incidence has been reported during the COVID-19
pandemic, most notably in South Asia.!> Mucormycosis carries a high mortality rate and
primarily affects immunocompromised patients or those with poorly controlled diabetes. Patients
may present with cutaneous, pulmonary, rhinocerebral, gastrointestinal, or disseminated
disease.*’ Cutaneous mucormycosis may be a result of direct inoculation at a site of trauma or
hematogenous spread of mucormycetes. The clinical presentation of cutaneous mucormycosis
varies but is usually characterized by tender plaques or necrotic eschars with surrounding
erythema and induration.®!° Deep tissue extension or dissemination is common. As the clinical
morphology may be nonspecific, high clinical suspicion is paramount for early treatment

initiation.'!

While fungal culture is one way to confirm the diagnosis, its turnaround time is inferior to that of
histopathologic evaluation of either frozen or permanent tissue sections.'> !* Broad, ribbon-like,
pauci-septate fungal hyphae can usually be identified on hematoxylin-eosin (H&E) stain.
However, when the organisms are sparse or obscured by inflammation, thrombosis, or necrosis,*
6.9.10 periodic acid-Schiff (PAS) and Grocott methenamine silver (GMS) stains may be needed to
highlight the hyphae. Because fragmented and necrotic fungal elements in mucormycosis may

give rise to falsely negative staining on GMS stain, PAS is generally preferred.'? In this report,

we describe visualization of Mucor hyphae on direct immunofluorescence study.

Case Report



A 57-year-old man with type 2 diabetes mellitus and myelodysplastic syndrome (MDS) status-
post allogeneic hematopoietic cell transplant was admitted for severe thrombocytopenia, rash,
and increasing liver function tests, concerning for graft-versus-host disease (GVHD) of the skin
and liver. Blood work at admission was remarkable for neutropenia (absolute neutrophil count
0.4 K/cmm; normal range 1.5-7.2 K/cmm). Due to concern for GVHD, he was treated with
methylprednisolone, ruxolitinib, anti-thymocyte globulin, and etanercept. Prior to anti-thymocyte
globulin treatment, flow cytometry showed a reduced T-cell population (30.9% CD3 positive T
cells; normal range 61-79%). However, following anti-thymocyte globulin treatment, flow
cytometry of peripheral blood revealed severe T-cell depletion (0% CD?3 positive T cells), while

B-cell population remained within normal limits.

On day 113 status-post hematopoietic cell transplant, he developed painful and palpable dark red
to violaceous retiform purpuric plaques on the abdomen associated with insulin injection sites,
and similar purpuric lesions on the upper and lower extremities unassociated with trauma (Fig 1).
Dermatology was consulted, and there was high clinical suspicion for an angioinvasive fungal
infection given the patient’s neutropenic state and history of diabetes. Other clinical

considerations included other infections, medium vessel vasculitis, and vasculopathy.

Punch biopsy of a representative skin lesion on the left medial thigh revealed numerous ribbon-
like, pauci-septate, angioinvasive hyphae in the dermis consistent with mucormycosis (Fig 2).
The involved vessels were frequently thrombotic, resulting in “Mucor thrombi”. The organisms
were highlighted by both PAS and GMS stains. Direct immunofluorescence performed on a
concurrent biopsy to exclude immune complex vasculitis demonstrated smooth IgG, IgA (weak),
IgM (faint), and C3 deposition on numerous ribbon-like hyphal structures in the dermis,

compatible with coating of mucormycetes with these immunoglobulins and complement (Fig 3).



No organisms were observed on the fibrinogen-stained slide or the negative control, and no

vascular immune deposits were identified. Tissue culture subsequently confirmed Mucor species.

Intravenous amphotericin B was initiated for disseminated mucormycosis. He also developed
vancomycin-resistant enterococcus bacteremia, which was treated with daptomycin, and
pneumonia treated with cefepime. He continued to be transfusion dependent with worsening
GVHD, progression of MDS, and persistent disseminated mucormycosis. Ultimately, he was

transitioned to home hospice and expired shortly thereafter.

Discussion

The patient in this case carried multiple risk factors for mucormycosis, including hematologic
malignancy, hematopoietic cell transplantation, GVHD, severe immunosuppression, and diabetes
mellitus. A traumatized skin barrier, in this case via insulin injection, is required for primary
cutaneous mucormycosis to develop. The angioinvasive characteristic of mucormycetes may

then lead to hematogenous dissemination to other sites.'*

Our patient was treated with a combination of methylprednisolone, ruxolitinib, anti-thymocyte
globulin, and etanercept for GVHD. Both GVHD and these immunosuppressive drugs together
confer severe neutropenia and T-cell depletion, resulting in an increased risk of infections.!>!8
From both clinical and experimental data, impaired phagocytosis due to neutropenia seems to be
a primary driving factor in the pathogenesis of mucormycosis. Although T-cell depletion alone
does not lead to increased fungal spore proliferation, it is likely that both intact neutrophil and T-

cell responses are necessary to effectively clear the invasive fungi.'* In an immunocompetent

host, fungal cell wall components activate antigen-presenting cells, causing the release of various



cytokines. Naive T-cells are exposed to these cytokines and are prompted to differentiate into
Tul7 cells. Tul7 cells produce IL-17A and IL-22, which lead to the production of
proinflammatory cytokines, chemokines, and antimicrobial peptides, ultimately recruiting
neutrophils to the infection sites to destroy the fungal organism.'®?° In an immunocompromised
host such as our patient, both the T-cell and the neutrophil responses are impaired, significantly
limiting the host’s ability to clear the fungi. However, the immune response in our patient was
not completely ablated, as evidenced by the direct immunofluorescence findings of host
immunoglobulins and C3 deposition on the fungal hyphae. Flow cytometry showed the B-cell
population was within normal range, suggesting preserved antibody production via the B-cell
lineage. During infection, host antibodies are expected to bind to foreign proteins, prompting

phagocytosis, complement-mediated lysis, and other immune responses.>!

Literature on antibody-coated microorganisms is largely limited to the examination of urinary
sediments by direct immunofluorescence, in which a positive result would indicate local
production of antibodies in the kidney and support a diagnosis of bacterial or fungal
pyelonephritis over a lower urinary tract infection. The urinary pathogens were most frequently
coated with IgG and IgA antibodies, similar to the observations in our case.?*?* Our case also
demonstrated strong C3 deposition in the same pattern as the immunoglobulins. C3 is a
complement protein which primarily acts to facilitate immunologic pathogen clearance via
increased uptake by phagocytic cells and activation of the adaptive immune response. C3 protein
is primarily produced in the liver and distributed via serum.? Like its action in bacterial
infections, the complement cascade has been well documented in antifungal immunity, with C3

rapidly depositing on fungal surfaces to facilitate clearance.?*



Interestingly, autofluorescence of fungal organisms has been well reported when viewing H&E-
stained slides prepared from formalin-fixed and paraffin-embedded tissues under a fluorescence
microscope.’®3? In our case, however, the direct immunofluorescence sample was not formalin-
fixed or H&E-stained, and the absence of immune deposits on the negative control and

fibrinogen-stained slide speaks against autofluorescence as the cause of our findings.

A potential diagnostic pitfall is the misinterpretation of fungal cell wall staining on direct
immunofluorescence as vascular immune deposition. Although vasculitis typically demonstrates
granular immune deposits in the vessel walls, smooth vascular deposits may be seen in
porphyrias,®® bullosis diabeticorum,** and possibly other conditions. Careful attention to the
morphology (shape and size) of the cell walls and the background blood vessels is required to
distinguish between the two. Correlation with the findings on H&E and PAS stains would also be

important.

Based on our finding of antibody-coated fungi on direct immunofluorescence, we hypothesize
that in neutropenic and T-cell depleted patients, the intact humoral immune system may allow
for recognition and opsonization of cutaneous pathogens, but the impaired cell-mediated
response fails to complete the next steps in pathogen clearance. Although mucormycosis is
readily diagnosable on routine light microscopy in most cases, recognition of the phenomenon of
antibody-coated fungi can be crucial in making an accurate and timely diagnosis when the
invasive fungi are sparse or only present in the specimen submitted for direct

immunofluorescence.

References



1. Sannathimmappa MB, Nambiar V, Aravindakshan R. Storm of a rare opportunistic life
threatening mucormycosis among post COVID-19 patients: A tale of two pathogens. Int J Crit
1lin Inj Sci 2022;12(1):38-46. doi:10.4103/ijciis.ijciis_48 21

2. Dam P, Cardoso MH, Mandal S, et al. Surge of mucormycosis during the COVID-19
pandemic. Travel Med Infect Dis 2023;52:102557. doi:10.1016/j.tmaid.2023.102557

3. Anand T, Mukherjee A, Satija A, et al. A case control investigation of COVID-19
associated mucormycosis in India. BMC Infect Dis 2022;22(1):856. doi:10.1186/s12879-022-
07844-y

4, Castrejon-Perez AD, Welsh EC, Miranda I, Ocampo-Candiani J, Welsh O. Cutaneous
mucormycosis. An Bras Dermatol 2017;92(3):304-311. doi:10.1590/abd1806-4841.20176614
5. Shields BE, Rosenbach M, Brown-Joel Z, Berger AP, Ford BA, Wanat KA.
Angioinvasive fungal infections impacting the skin: Background, epidemiology, and clinical
presentation. J Am Acad Dermatol 2019;80(4):869-880.e5. doi:10.1016/j.jaad.2018.04.059

6. Skiada A, Lass-Floerl C, Klimko N, Ibrahim A, Roilides E, Petrikkos G. Challenges in
the diagnosis and treatment of mucormycosis. Med Mycol 2018;56(suppl 1):93-101.
doi:10.1093/mmy/myx101

7. Zilberberg MD, Shorr AF, Huang H, Chaudhari P, Paly VF, Menzin J. Hospital days,
hospitalization costs, and inpatient mortality among patients with mucormycosis: a retrospective
analysis of US hospital discharge data. BMC Infect Dis 2014;14:310. doi:10.1186/1471-2334-14-
310

8. 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. doi:10.1093/c1d/cir866



0. Patterson J. Mycoses and algal infections. Weedon's Skin Pathology. 5th ed. Elsevier;
2021:721-755.e17:chap 26.

10. Johnston RB. Mycoses and algal infections. Weedon's Skin Pathology Essentials. 2nd ed.
Elsevier 2017:438-466:chap 25.

11. Roden MM, Zaoutis TE, Buchanan WL, et al. Epidemiology and outcome of
zygomycosis: a review of 929 reported cases. Clin Infect Dis 2005;41(5):634-653.
doi:10.1086/432579

12. Hofman V, Castillo L, Betis F, Guevara N, Gari-Toussaint M, Hofman P. Usefulness of
frozen section in rhinocerebral mucormycosis diagnosis and management. Pathology
2003;35(3):212-216. doi:10.1080/0031302031000123173

13. Guarner J, Brandt ME. Histopathologic diagnosis of fungal infections in the 21st century.
Clin Microbiol Rev 2011;24(2):247-280. doi:10.1128/CMR.00053-10

14. Ibrahim AS, Spellberg B, Walsh TJ, Kontoyiannis DP. Pathogenesis of mucormycosis.
Clin Infect Dis 2012;54 Suppl 1(Suppl 1):S16-22. doi:10.1093/cid/cir865

15. Thymoglobulin [package insert]. Cambridge, MA: Genzyme Corporation.
https://www.fda.gov/files/vaccines%2C%20blood%20%26%?20biologics/published/Package-
Insert---Thymoglobulin.pdf. 2017. Accessed February 16, 2023.

16. Etanercept [package insert]. Thousand Oaks, CA: Immunex Corporation.
https://www.accessdata.fda.gov/drugsatfda docs/label/2020/103795s5574s55771bl.pdf. 2020.
Accessed February 16, 2023.

17. Jakafi [package insert]. Greenville, NC: DSM Pharmaceuticals, Inc.
https://www.accessdata.fda.gov/drugsatfda docs/label/2011/2021921Ibl.pdf. 2011. Accessed

February 16, 2023.



18. Hag M, Adnan G. Ruxolitinib. In: StatPearls. Treasure Island (FL): StatPearls Publishing;
September 27, 2022.

19. Iwasawa MT, Miyachi H, Wakabayashi S, et al. Epidermal clearance of Candida albicans
is mediated by IL-17 but independent of fungal innate immune receptors. Int Immunol
2022;34(8):409-420. doi:10.1093/intimm/dxac019

20. McDonald DR. TH17 deficiency in human disease. J Allergy Clin Immunol
2012;129(6):1429-1435. doi:10.1016/j.jaci.2012.03.034

21. Richmond JM, Harris JE. Immunology and skin in health and disease. Cold Spring Harb
Perspect Med 2014;4(12):a015339. doi:10.1101/cshperspect.a015339

22. Mengoli C, Arosio E, Bonato D, et al. Diagnostic value and biological significance of
antibody-coated bacteria in urine. J Clin Pathol 1980;33(2):183-187. doi:10.1136/jcp.33.2.183
23. Hall WI. Study of antibody-coated fungi in patients with funguria and suspected
disseminated fungal infections or primary fungal pyelonephritis. J R Soc Med 1980;73(8):567-
569. doi:10.1177/014107688007300806

24, Talwar P, Pal SR, Kaur P, et al. Standardization and demonstration of antibody-coated
Candida in urine by direct immunofluorescence test. Mycopathologia 1986;94(1):39-44.
doi:10.1007/BF00437260

25. Lubbers R, van Essen MF, van Kooten C, Trouw LA. Production of complement
components by cells of the immune system. Clin Exp Immunol 2017;188(2):183-194.
doi:10.1111/cei.12952

26. Tsoni SV, Kerrigan AM, Marakalala MJ, et al. Complement C3 plays an essential role in
the control of opportunistic fungal infections. Infect Immun 2009;77(9):3679-3685.

doi:10.1128/1A1.00233-09



27. Sorbara MT, Foerster EG, Tsalikis J, et al. Complement C3 drives autophagy-dependent
restriction of cyto-invasive bacteria. Cell Host Microbe 2018;23(5):644-652.¢5.
doi:10.1016/j.chom.2018.04.008

28. Panelius J, Meri S. Complement system in dermatological diseases - fire under the skin.
Front Med (Lausanne) 2015;2:3. doi:10.3389/fmed.2015.00003

29. Ricklin D, Reis ES, Mastellos DC, Gros P, Lambris JD. Complement component C3 -
The "Swiss Army Knife" of innate immunity and host defense. Immunol Rev 2016;274(1):33-58.
doi:10.1111/imr.12500

30. Estela Cubells JR, Victoria Martinez AM, Martinez Leborans L, Alegre de Miquel V.
Fluorescence microscopy as a diagnostic tool for dermatophytosis. Am J Dermatopathol
2016;38(3):208-210. doi:10.1097/DAD.0000000000000403

31. Elston DM. Fluorescence of fungi in superficial and deep fungal infections. BMC
Microbiol 2001;1:21. doi:10.1186/1471-2180-1-21

32. Idriss MH, Khalil A, Elston D. The diagnostic value of fungal fluorescence in
onychomycosis. J Cutan Pathol 2013;40(4):385-90. doi:10.1111/cup.12086

33. Maynard B, Peters MS. Histologic and immunofluorescence study of cutaneous
porphyrias. J Cutan Pathol 1992;19(1):40-7. doi:10.1111/.1600-0560.1992.tb01557.x

34, Sonani H, Abdul Salim S, Garla VV, Wile A, Palabindala V. Bullosis diabeticorum: A
rare presentation with immunoglobulin G (IgG) deposition related vasculopathy. Case report and

focused review. Am J Case Rep 2018;19:52-56. doi:10.12659/ajcr.905452

Figure Legends

Fig 1. Clinical morphology of representative skin lesions. A) Retiform purpura and a large

violaceous plaque with an erythematous rim and necrotic-appearing bullae were present on the



abdomen, corresponding to the insulin injection sites. B) Multiple violaceous and necrotic-

appearing patches and plaques were present on the right hand.

Fig 2. Punch biopsy of a skin lesion on the left medial thigh. A) Scanning magnification reveals
extensive dermal hemorrhage. B) Numerous broad, ribbon-like, pauci-septate hyphae are present
in the dermis, associated with acute inflammation. C) There is frequent angioinvasion by these
organisms, resulting in necrosis and thrombosis of the vessels. (Hematoxylin and eosin stain;

Original magnifications x20 [A], x400 [B and C])

Fig 3. Direct immunofluorescence study of skin biopsy. A, B) Numerous ribbon-like hyphal
structures are highlighted by IgG. C) A smaller number of hyphae are highlighted by IgA. D)
Faint IgM deposition is observed on a few hyphae. E, F) Many hyphae display strong C3

deposition. (Original magnifications x200 [A], x400 [B-D, F], X100 [E])
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