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Mucormycosis (also called zygomycosis) is a serious fungal infection caused by a group of molds called mucoromycetes.

The types of fungi that mostly cause mucormycosis include Rhizopus spp., Mucor spp., Rhizomucor spp.,

Syncephalastrum spp., Cunninghamella bertholletia, Apophysomyces spp., and Lichtheimia (formerly Absidia) spp.
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1. Pathophysiology

Previously known as zygomycosis, mucormycosis belongs to the Mucorales group of fungi . The most reported

causative agent of Mucorales includes the globally found Rhizopus, Mucor spp, followed by Lichtheimia spp., Rhizomucor
spp., Cunninghamella spp., Apophysomyces spp., and Saksenaea spp. . This opportunistic infection, present as spores

or hyphae in a hot and humid environment, affects individuals if inhaled or inoculated through cutaneous wounds .

Immunocompromised individuals are at the greatest risk of contracting mucormycosis. Predisposing risk factors of

mucormycosis include chronic kidney disease, malignancy, neutropenia, increased serum iron, perpetual use of

immunosuppressive drugs, and most importantly, diabetes mellitus with ketoacidosis .

The immune system has macrophages and neutrophils as the primary defense system against spores. An insufficient

immune response allows the spores to germinate into hyphae, and establish infection . In diabetic individuals with

ketoacidosis, an acidic pH impairs the motility of neutrophils, thus weakening the first barrier to pathogens. Iron, under

normal physiologic conditions, remains bound to protein complexes; low pH renders the transferrin system inefficient as it

causes unbound iron to circulate in the blood. Rhizopus has shown an increased affinity for serum iron at pH < 7.3,

allowing it to multiply rapidly in the body . The increased expression of the cell-surface receptor, glucose-reg-97

(GRP78) under hyperglycemic state causes R. oryzae to bind more frequently to endothelial cells in the lungs, brain, and

sinuses, and thus, cause damage . Virulence factors of this fungus also include aspartic proteinases which increase

disease progression in individuals who have undergone organ-replacement therapy or suffer from comorbidities such as

hematological malignancies . Usage of corticosteroids to treat COVID-19 patients suppresses the immune system, and

has emerged as a risk factor of mucormycosis, in multiple reported COVID-19 cases .

Additionally, the incidence of mucormycosis has exasperated as the deadly SARS-CoV-2 alters the immune response.

SARS-CoV-2 spreads mainly through droplets and is characterized by the invasion of angiotensin-converting enzyme 2

(ACE2) receptors in humans. ACE2 is present in the lungs, heart, liver, and kidneys. Downregulation of ACE2 by the

coronavirus via its spike protein negatively influences the inflammatory-protective renin-angiotensin system . The

cell-mediated immune response is rendered ineffective as CD 4+ and CD 8+ T-cells, specific for mucormycosis, decrease

in COVID-19 patients. The inevitable duo of COVID-associated mucormycosis (CAM) releases a pro-inflammatory

cytokine storm of IL-6 and IFN-γ in the infected individual. Lymphopenia thus paves the pathway for opportunistic fungal

infections like mucor to resist immune response . Fungal hyphae produce lesions and thrombi upon entering the

blood vessels and invading the walls . The coronavirus infection increases vascular damage to endothelial cells and

promotes endotheliitis. Along with vasoconstriction, CAM possesses the capability to necrotize tissues and induce

ischemia in organs leading to organ failure . However, this association between the two entities has some confounding

factors. For instance, it is possible that the lesions are a consequence of a Delayed-type Hypersensitivity (DTH) reaction,

as for other systemic infections, such as Coccidioidomycosis. Further, it is also possible that the fungus disseminates to

the skin from the primary infection site, or the cutaneous manifestations are only a consequence of fungal inoculation in

the skin by a trauma. Therefore, definitive diagnostic techniques are paramount to early detection and subsequent

management.
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2. Clinical Manifestations

Classification of mucormycosis is based on the site of manifestation. It is enlisted as rhino-cerebral-orbital mucormycosis

(RCOM), pulmonary, gastrointestinal, cutaneous, and disseminated mucormycosis, as illustrated in Table 1. RCOM is the

prevalent type, and it develops in individuals with diabetic mellitus . Sporangiospores deposit on the nasal

turbinate, and progress through the paranasal sinuses, affecting the maxillary-facial structures, and then disseminates to

the brain . RCOM clinically presents as ethmoidal or sphenoidal sinusitis, and leads to cavernous sinus syndrome or

internal carotid artery thrombosis. . Osteomyelitis of the bony structures of the face results in necrotic ulcers,

decreasing functional capabilities of optic and cranial nerves, causing headache and facial pain. Angioinvasion of the

palate perforates it and allows the mucor infection to travel through the cribriform plate . As it spreads to the orbital

region, it degenerates the extra-ocular muscles and manifests as a periorbital syndrome, ptosis, and proptosis in patients.

COVID-19 further leads to coagulopathy in the cavernous sinus which under extreme conditions progresses to a

permanent loss of vision . Epistaxis manifests due to the invasion of the brain by RCOM as turbinate bone, and

the internal carotid artery become ischemic. Critical co-infection of COVID-19 patients with RCOM, and delayed treatment

has led to increasing mortality rates .

Table 1. Summary of mucormycosis clinical manifestations in COVID-19 patients.

Type Pathogenesis Clinical Manifestation Risk Factors

Rhino-cerebral
mucormycosis

Spores invade sinuses,
cribriform plates, and

through the cavernous
sinus.

Infects the sinuses and spreads to
the brain. Destroys maxillary-facial

structures and causes ptosis,
proptosis, and permanent vision loss

.

Common in patients with
uncontrolled diabetes  and

kidney transplant.

Pulmonary
mucormycosis

Spread of fungal infection
through the bloodstream.

Destroys bronchial airways, causes
dyspnoea, tracheal invasions of the
lungs, and a reverse halo sign on CT

scan.

Patients with cancer, post-
transplant immunosuppressive

therapy .

Gastrointestinal
mucormycosis

Inhaling spores that
invade the GI tract.

Fever, bowel, and per rectal bleed 
.

Consistent use of broad-
spectrum antibiotics,

malnutrition, and neutropenia.

Cutaneous
mucormycosis

Direct inoculation of skin
through site of trauma or

thermal burns.

Black discolouration and lesions on
the skin.

Skin trauma such as surgery or
burns. It does not involve an

impaired immunological
response.

Disseminated
mucormycosis

Occurs when the infection
spreads through the

bloodstream to another
part of the body

Commonly affects the brain, but also
other organs such as the spleen,

heart, and skin.

Iron overload, neutropenia,
suppressed immune system .

Neutropenia, the use of corticosteroid, and induction chemotherapy increase the risk of pulmonary mucormycosis in

individuals . Neutropenia and a weakened immune system produce prolonged high-grade fever . SARS-CoV-2 and

the Rhyzomucor spp. together infect the lungs, the common site of invasion, and induce dyspnea, cough, and airway

bleeding . Molds of pulmonary mucormycosis affect bronchial airways, and the parenchyma of lungs. Extending as

lesions into the chest wall, it poses the threat of cavitation and pericarditis . Additionally, the characteristic and an early

diagnostic feature of pulmonary mucormycosis is the reverse-halo sign which appears as consolidation on a Computed

Tomography (CT) scan. However, its incidence has been low in COVID-19 patients . Other than cytopenia, certain non-

specific laboratory markers which have been associated with COVID-19 related sepsis are also found to be deranged in

cases of co-infection with mucormycosis such as lactate dehydrogenase, C-reactive protein, and D-dimer levels, in

addition to deranged renal profile .

Cutaneous mucormycosis results from trauma or burns to the skin, and mostly occurs on the arms and the legs.

Surrounding edema and black discoloration at the site of infection leads to gangrene in susceptible hosts. Progressing

gradually, nodular lesions appear on the skin . While there is one reported case of coinfection in a heart transplant

patient , COVID-19 itself is associated with vascular lesions, urticaria, and rashes . This amplifies the risk of a

possible cutaneous manifestation of mucormycosis. Malnutrition and solid organ transplantation put the individuals at the

risk of developing gastrointestinal (GI) mucormycosis in the bowel and the GI tract, specifically the intestines .

However, the rapid disease progression and the lack of clear clinical signs besides fever delay differential diagnosis from

GI diseases . CT scans of isolated cases of GI tract, colonic, and small bowel mucormycosis reveal dilatation of the

wall, bleeding, and mass thickening . A rare case of GI mucor in COVID-19 patients confirmed the signs and
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additionally presented with abdominal tenderness, and bilateral ulceration . Though the rarest type, disseminated

mucormycosis has the highest overall mortality in individuals . As a result of this, the only reported case of COVID-19

and disseminated disease was diagnosed after an autopsy . The primary infection can metastasize or undergo a

hematogenous spread, producing infarcts in the brain, heart, and spleen. Since it presents with symptoms of underlying

comorbidities, diagnosis of disseminated mucormycosis is extremely difficult .

3. Geographical Distribution

Song et al. identified that critically ill patients in ICUs, and on mechanical ventilation were prone to various fungal

infections, as in SARS. Other fungal infections were reported, however, until May 2020, there were no confirmed reports

of mucormycosis .

A post-mortem study conducted between March 2020 and April 2020 from the UK revealed pathological findings in a

patient, which upon biopsy, PCR, and DNA extraction confirmed the presence of disseminated mucormycosis . Since

then, multiple cases of mucormycosis co-infection in ongoing or post COVID-19 have emerged. Countries amidst the

second and the third COVID-19 waves are now overlooking a syndemic sweeping lives globally, as shown in Figure 1.

According to a review of published and unpublished studies, CAM has affected 18 countries, including but not limited to

India, Pakistan France, Iran, Mexico, Russia, Bangladesh, Brazil, Chile, Czech Republic, Germany, Italy, Kuwait,

Lebanon, and Turkey . During the first week of June 2021, India with over 20,000 cases of CAM, remains the hardest-

hit country in the world .

Figure 1. Global distribution of COVID-19 associated mucormycosis.

References

1. Roden, M.M.; Zaoutis, T.E.; Buchanan, W.L.; Knudsen, T.A.; Sarkisova, T.A.; Schaufele, R.L.; Sein, M.; Sein, T.; Chiou,
C.C.; Chu, J.H.; et al. Epidemiology and Outcome of Zygomycosis: A Review of 929 Reported Cases. Clin. Infect. Dis.
2005, 41, 634–653.

2. Skiada, A.; Pavleas, I.; Drogari-Apiranthitou, M. Epidemiology and Diagnosis of Mucormycosis: An Update. J. Fungi 20
20, 6, 265.

3. Pasero, D.; Sanna, S.; Liperi, C.; Piredda, D.; Branca, G.P.; Casadio, L.; Simeo, R.; Buselli, A.; Rizzo, D.; Bussu, F.; et
al. A challenging complication following SARS-CoV-2 infection: A case of pulmonary mucormycosis. Infection 2020, 7, 1
–6.

4. Pandilwar, P.; Khan, K.; Shah, K.; Sanap, M.; Anoop Unnikrishnan, K.S.; Nerurkar, S. Mucormycosis: A rare entity with r
ising clinical presentation in immunocompromised hosts. Int. J. Surg. Case Rep. 2020, 77, 57–61.

5. Chakrabarti, A.; Das, A.; Mandal, J.; Shivaprakash, M.R.; George, V.K.; Tarai, B.; Rao, P.; Panda, N.; Verma, S.C.; Sak
huja, V. The rising trend of invasive zygomycosis in patients with uncontrolled diabetes mellitus. Med. Mycol. 2006, 44,
335–342.

6. Riley, T.T.; Muzny, C.; Swiatlo, E.; Legendre, D.P. Breaking the Mold: A Review of Mucormycosis and Current Pharmac
ological Treatment Options. Ann. Pharmacother. 2016, 50, 747–757.

[24]

[21]

[24]

[17]

[34]

[35]

[27]

[36]



7. Liu, M.; Spellberg, B.; Phan, Q.T.; Fu, Y.; Fu, Y.; Lee, A.; Edwards, J.E.; Filler, S.G.; Ibrahim, A.S. The endothelial cell re
ceptor GRP78 is required for mucormycosis pathogenesis in diabetic mice. J. Clin. Investig. 2010, 120, 1914–1924.

8. Ibrahim, A.S.; Spellberg, B.; Walsh, T.J.; Kontoyiannis, D.P. Pathogenesis of Mucormycosis. Clin. Infect. Dis. 2012, 54,
S16–S22.

9. Prakash, H.; Ghosh, A.K.; Rudramurthy, S.; Singh, P.; Xess, I.; Savio, J.; Pamidimukkala, U.; Jillwin, J.; Varma, S.; Das,
A.; et al. A prospective multicenter study on mucormycosis in India: Epidemiology, diagnosis, and treatment. Med. Myco
l. 2019, 57, 395–402.

10. Veisi, A.; Bagheri, A.; Eshaghi, M.; Rikhtehgar, M.H.; Kanavi, M.R.; Farjad, R. Rhino-orbital mucormycosis during steroi
d therapy in COVID-19 patients: A case report. Eur. J. Ophthalmol. 2021.

11. Tay, M.Z.; Poh, C.M.; Rénia, L.; Macary, P.A.; Ng, L.F.P. The trinity of COVID-19: Immunity, inflammation and interventio
n. Nat. Rev. Immunol. 2020, 20, 363–374.

12. Jin, Y.; Yang, H.; Ji, W.; Wu, W.; Chen, S.; Zhang, W.; Duan, G. Virology, Epidemiology, Pathogenesis, and Control of C
OVID-19. Viruses 2020, 12, 372.

13. Revannavar, S.M.; Supriya, P.S.; Samaga, L.; Vineeth, V.K. COVID-19 triggering mucormycosis in a susceptible patien
t: A new phenomenon in the developing world? BMJ Case Rep. 2021, 14, e241663.

14. Ribeiro, N.F.; Cousin, G.C.; Wilson, G.E.; Butterworth, D.M.; Woodwards, R.T. Lethal invasive mucormycosis: Case rep
ort and recommendations for treatment. Int. J. Oral Maxillofac. Surg. 2001, 30, 156–159.

15. Jeong, W.; Keighley, C.; Wolfe, R.; Lee, W.L.; Slavin, M.; Kong, D.C.; Chen, S.C.-A. The epidemiology and clinical mani
festations of mucormycosis: A systematic review and meta-analysis of case reports. Clin. Microbiol. Infect. 2019, 25, 26
–34.

16. CDC. Mucormycosis. Fungal Diseases. 2021. Available online: https://www.cdc.gov/fungal/diseases/mucormycosis/ind
ex.html (accessed on 17 May 2021).

17. Spellberg, B.; Edwards, J., Jr.; Ibrahim, A. Novel Perspectives on Mucormycosis: Pathophysiology, Presentation, and M
anagement. Clin. Microbiol. Rev. 2005, 18, 556–569.

18. Abdollahi, A.; Shokohi, T.; Amirrajab, N.; Poormosa, R.; Kasiri, A.M.; Motahari, S.J.; Ghoreyshi, S.M.; Madani, S.A.; Nik
khah, M.; Ghasemi, M.; et al. Clinical features, diagnosis, and outcomes of rhino-orbito-cerebral mucormycosis- A retro
spective analysis. Curr. Med Mycol. 2016, 2, 15–23.

19. Balai, E.; Mummadi, S.; Jolly, K.; Darr, A.; Aldeerawi, H. Rhinocerebral Mucormycosis: A Ten-Year Single Centre Case
Series. Cureus 2020, 12, 11776.

20. Bayram, N.; Ozsaygılı, C.; Sav, H.; Tekin, Y.; Gundogan, M.; Pangal, E.; Cicek, A.; Özcan, I. Susceptibility of severe CO
VID-19 patients to rhino-orbital mucormycosis fungal infection in different clinical manifestations. Jpn. J. Ophthalmol. 20
21, 65, 515–525.

21. Cornely, O.A.; Alastruey-Izquierdo, A.; Arenz, D.; Chen, S.C.A.; Dannaoui, E.; Hochhegger, B.; Hoenigl, M.; Jensen, H.
E.; Lagrou, K.; Lewis, R.E.; et al. Global guideline for the diagnosis and management of mucormycosis: An initiative of t
he European Confederation of Medical Mycology in cooperation with the Mycoses Study Group Education and Researc
h Consortium. Lancet Infect. Dis. 2019, 19, e405–e421.

22. Werthman-Ehrenreich, A. Mucormycosis with orbital compartment syndrome in a patient with COVID-19. Am. J. Emerg.
Med. 2021, 42, 264.e5–264.e8.

23. Dallalzadeh, L.O.; Ozzello, D.J.; Liu, C.Y.; Kikkawa, D.O.; Korn, B.S. Secondary infection with rhino-orbital cerebral mu
cormycosis associated with COVID-19. Orbit 2021, 1–4.

24. Junior, E.S.D.M.; Dos Santos, M.E.L.; Ribeiro, I.B.; Luz, G.D.O.; Baba, E.R.; Hirsch, B.S.; Funari, M.P.; De Moura, E.G.
H. Rare and Fatal Gastrointestinal Mucormycosis (Zygomycosis) in a COVID-19 Patient: A Case Report. Clin. Endosc.
2020, 53, 746–749.

25. Vallabhaneni, S.; Mody, R.K. Gastrointestinal Mucormycosis in Neonates: A Review. Curr. Fungal Infect. Rep. 2015, 9,
269–274.

26. Danion, F.; Aguilar, C.; Catherinot, E.; Alanio, A.; DeWolf, S.; Lortholary, O.; Lanternier, F. Mucormycosis: New Develop
ments into a Persistently Devastating Infection. Semin. Respir. Crit. Care Med. 2015, 36, 692–705.

27. Hoenigl, M.; Seidel, D.; Carvalho, A.; Rudramurthy, S.M.; Arastehfar, A.; Gangneux, J.P.; Nasir, N.; Bonifaz, A.; Araiza,
J.; Klimko, N.; et al. The Emergence of COVID-19 Associated Mucormycosis: Analysis of Cases from 18 Countries. SS
RN Electron. J. 2021. Available online: https://www.ssrn.com/abstract=3844587 (accessed on 12 May 2021).

28. Mehta, S.; Pandey, A. Rhino-Orbital Mucormycosis Associated With COVID-19. Cureus 2020, 12, e10726.



29. Waizel-Haiat, S.; Guerrero-Paz, J.A.; Sanchez-Hurtado, L.; Calleja-Alarcon, S.; Romero-Gutierrez, L. A Case of Fatal R
hino-Orbital Mucormycosis Associated with New Onset Diabetic Ketoacidosis and COVID-19. Cureus 2021, 13, 13163.

30. Skiada, A.; Rigopoulos, D.; Larios, G.; Petrikkos, G.; Katsambas, A. Global epidemiology of cutaneous zygomycosis. Cl
in. Dermatol. 2012, 30, 628–632.

31. Kanwar, A.; Jordan, A.; Olewiler, S.; Wehberg, K.; Cortes, M.; Jackson, B. A Fatal Case of Rhizopus azygosporus Pneu
monia Following COVID-19. J. Fungi 2021, 7, 174.

32. Tan, S.W.; Tam, Y.C.; Oh, C.C. Skin manifestations of COVID-19: A worldwide review. JAAD Int. 2021, 2, 119–133.

33. Ghuman, S.S.; Sindhu, P.; Buxi, T.B.S.; Sheth, S.; Yadav, A.; Rawat, K.S.; Sud, S. CT appearance of gastrointestinal tr
act mucormycosis. Abdom. Radiol. 2021, 46, 1837–1845.

34. Song, G.; Liang, G.; Liu, W. Fungal Co-infections Associated with Global COVID-19 Pandemic: A Clinical and Diagnosti
c Perspective from China. Mycopathologia 2020, 185, 599–606.

35. Hanley, B.; Naresh, K.; Roufosse, C.; Nicholson, A.G.; Weir, J.; Cooke, G.S.; Thursz, M.; Manousou, P.; Corbett, R.; Go
ldin, R.; et al. Histopathological findings and viral tropism in UK patients with severe fatal COVID-19: A post-mortem stu
dy. Lancet Microbe 2020, 1, e245–e253.

36. Raut, A.; Huy, N.T. Rising incidence of mucormycosis in patients with COVID-19: Another challenge for India amidst the
second wave? Lancet Respir. Med. 2021, 9, e77.

Retrieved from https://encyclopedia.pub/entry/history/show/35117


