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have been identified with this disease [3]. The global inci-
dence of this disease is on the rise post covid-19 pandemic. 
It is more frequent in an immunocompromised host, with 
uncontrolled diabetes being the most important risk factor. 
There is increasing evidence that coronavirus disease 2019 
(COVID-19) may trigger new-onset diabetes mellitus (DM) 
[4]. Inappropriate use of steroids, low blood oxygen levels, 
prolonged ICU stay with poor air filtration, non-sterile med-
ical devices, irrational use of broad spectrum antibiotics and 
antifungals (voriconazole) were also implicated in COVID-
19 associated mucormycosis.

Cutaneous mucormycosis may be primary (acquired 
by direct inoculation during trauma, contaminated dress-
ings, surgery, burns) or secondary. Secondary cutaneous 
mucormycosis occurs along with an underlying rhinocer-
ebral, sinonasal or disseminated infection and is reported 
more frequently than the primary form. Keeping in view 
the growing incidence of cutaneous mucormycosis, the 
present study was undertaken. A retrospective analysis of 
patients with secondary cutaneous mucormycosis after 

Introduction

India has visualized a recent surge in mucormycosis cases. 
Mucormycosis is an angioinvasive fungal infection. Mul-
tiple clinical presentations have been described in literature 
including rhino-orbital, cerebral, pulmonary, gastro-intes-
tinal, and few rare forms like cutaneous, endocarditis and 
osteomyelitis [1].

“Mycosis mucorina” was coined by Arnold Paltauf in 
1885 during his description of a case of disseminated mucor-
mycosis [2]. This later came to be known as mucormycosis. 
It is a systemic fungal infection more prevalent in develop-
ing countries. The fungi of the order mucorales belonging to 
the class zygomycetes namely rhizopus, absidia and mucor 
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Abstract
Background: Covid-19 infection increases the risk of opportunistic infections like mucormycosis. Cutaneous mucor-
mycosis can occur primarily by direct inoculation or secondary to involvement of the underlying structures. Cutaneous 
manifestations include tender, erythematous, indurated lesions and necrotic plaques. As the disease evolves, cutaneous 
features manifest progressively. Objectives: To study the manifestations of the cutaneous signs of sinonasal mucormyco-
sis and management of such cases based on severity of involvement. Materials and methods: A retrospective analysis 
of 21 patients with diagnosis of cutaneous mucormycosis secondary to sinonasal involvement was done with assessment 
of their skin lesion, area involved and their clinical stage being noted at the time of admission and after 24 h. Treat-
ment consisted of combination of surgical debridement, daily dressing and liposomal amphotericin B. Observations and 
Results: Out of total 21 patients, there were 10 males and 11 females. Among risk factors, 14 cases had history of covid 
19 infection, 5 had history of steroid intake, 6 had history of ICU stay and all had deranged blood sugar levels. Among 
disease prognosis, excellent outcomes appeared in stage I and stage III showed worst outcome. Conclusion: Since initial 
clinical presentation is similar to cellulitis and other soft-tissue infections, early recognition is difficult. In this cohort, 
the prognosis of secondary cutaneous mucormycosis remained poor, especially in ICU patients and those with numerous 
predisposing factors. Such patients presented in late stages of the disease and mortality rate was very high in such group.
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rhino-cerebro-orbital involvement that were treated in our 
institute in the past one year was carried out. We divided 
our patients according to the severity of involvement. This 
categorisation helped us to determine the severity and prog-
nosis in patients with cutaneous mucormycosis secondary to 
rhinocerebral involvement. It also helped to assess the rapid 
progression and optimal treatment according to stage for the 
same. To the best of our knowledge, after researching the 
existing literature, this is the largest case series of secondary 
cutaneous mucormycosis.

Objectives

To study the manifestations of the cutaneous signs of sino-
nasal mucormycosis and management of such cases based 
on severity of involvement.

Materials and Methods

This was a retrospective study of 21 patients with the diagno-
sis of cutaneous mucormycosis secondary to rhinocerebral 
involvement. The cases which were confirmed histopatho-
logically through observing non-septate or minimally sep-
tated broad, ribbon-like hyphae (10 to 20 micrometers) 
invading blood vessels, causing thrombosis, infarction and 
necrosis were included in the study. The available records of 
the patients were retrieved and analysed. The patients’ age, 
sex, detailed history with special emphasis on history of dia-
betes mellitus, Covid-19 infection, use of steroids and oxy-
gen support were noted. Physical examination included the 
assessment of type of skin lesion, measurement of the area 
involved, endoscopic assessment of the nose and parana-
sal sinuses, inspection of the palate and orbit. Documented 

clinical signs from the time of initial assessment and subse-
quently every 24 h until the time of operative debridement 
were taken into consideration. Photographic records were 
also reviewed when available.(Figures 1a and b and 2).

Computed tomographic scan of nose and paranasal 
sinuses and contrast enhanced magnetic resonance imaging 
studies of these patients were reviewed.(Fig. 3) The proto-
col of the investigations and surgery was in accordance with 
the hospital norms. The patients were investigated and oper-
ated without delay after obtaining written informed consent 
from each participant or each participant’s guardian. A stag-
ing system (Table 1) was envisaged to facilitate separation 
of the patients into more refined subgroups and to provide a 
novel means for evaluating the prognosis.

Observations and Resultsl

Out of total number of patients (n = 21), there were 10 males 
and 11 females. The mean age of our patients was 53.3 years 
(range 20–76 years). Patients were categorised into vari-
ous stages based on their clinical findings with which they 
presented to us with early lesions being categorized into 
stage 1 and disseminated disease into stage 3 (Table 1). The 
assessment of clinical stage for patients was done at time of 
admission (Day 0) and 24 h later (Day 1). (Table 2). Risk 
factors associated leading to cutaneous involvement in our 
sinonasal mucormycosis patients were detailed (Table 3). 
Out of 21 patients, 14 cases (66.6%) had a history of covid-
19 infection. 5 of these patients had history of steroid intake 
(23.8%). 6 patients gave history of ICU stay (28.47%). All 
of these patients had deranged blood sugar levels and gly-
cated haemoglobin (100%). Out of these only 7 patients 
were taking treatment for diabetes mellitus.

Fig. 1 a and b Photographs of patients belonging to cutaneous mucormycosis- stage I and stage II respectively
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Fig. 2 Photographs of patients with necrotic eschar, ulceration and skin discolouration. (stage III)
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300 mg daily) or Isavuconazole (200 mg 1 tablet 3 times 
daily for 2 days followed by 200 mg daily). Conventional 
Amphotericin B (deoxy cholate) in the dose 1-1.5 mg/kg 
was used if liposomal form was not available and renal 
functions and serum electrolytes of patients were within 
normal limits. Posaconazole was used in patients with renal 
dysfunction not tolerating amphotericin B.

Liposomal amphotericin B was started with a dose of 
5 mg/kg body weight (10 mg/kg body weight) in case of 
patients with cerebral involvement. Each vial contained 
50 mg and was diluted in 5% or 10% dextrose and given 
slowly over 4–6 h. Renal functions and electrolytes were 
monitored. After resolution of signs of disease progression, 
treatment was stepped down to oral Posaconazole (300 mg 
delayed release tablets twice a day for 1 day followed by 

Fig. 3 Computed Tomographic Scan findings of patient with stage III disease with involvement of premaxillary soft tissue and maxillary bone 
erosion
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stages of initial presentation had poor prognosis (Table 4). 
Mortality rate was highest in stage III with loss of 7 out of 
14 patients (50%).

Two patients were not included in the study as even 
though they had initial similar presentation but histopatho-
logically, one had features suggestive of actinomycosis and 
other patient had bacterial necrotising fasciitis.

Discussionl

Mucormycosis can lead to necrotic cutaneous lesions in 
immunocompromised patients, but other pathogens, such as 
Aspergillus, Fusarium, Pseudallescheria and Scedosporium 
species have to be kept in differential diagnosis [5]. Pseudo-
monas aeruginosa causing ecthyma gangrenosum may also 
produce a similar picture.

Primary form is usually due to direct inoculation. In 
secondary cutaneous mucormycosis, skin is infected most 
commonly after dissemination from rhinocerebral involve-
ment. Predisposing factors include DM, with or without 
ketoacidosis, malignancies, transplantation, prolonged neu-
tropenia, corticosteroids and other immunosuppressants and 
malnourishment [6]. The most affected areas of the skin are 
the arms and legs. Other locations include the scalp, face, 
thorax, back, abdomen, perineum, breast, neck and gluteal 
area.

Two third of our patients had history suggestive of Covid-
19 infection. Many theories have been hypothesized in the 
literature to understand the pathophysiology of mucormy-
cosis in Covid − 19 infection. In delta variant of Covid − 19 
infection, unindicated high dose of steroids was found in 
many patients. Corticosteroids are known to impede migra-
tion, ingestion and phagolysosome fusion in macrophages. 
Steroids also increase blood glucose levels. Higher inci-
dence of ketoacidosis has also been seen in patients on 
steroids. Few studies have reported a diminished growth 
of Rhizopus oryzae in iron deficient mediums, highlight-
ing the importance of iron in the growth and metabolism of 
mucorales [7]. In SARS-CoV-2 infection, there is dysregu-
lation of iron metabolism due to multiple factors. Higher 
incidence of ketoacidosis has been seen in Covid patients. 
Ketone bodies owing to its higher pH, inhibit the seques-
tration of iron by transferrin and ferritin and increase free 
serum iron. In response to Covid associated inflammation, 
a large amount of serum ferritin is released and also there 
is loss of its inner iron content soon after release. Hepcidin, 
an iron regulating hormone interacts with another transport 
protein ferroportin. SARS-CoV-2 glycoproteins mimic hep-
cidin leading to subsequent hyperferritinemia and ferrop-
tosis. Covid virus also stimulates the synthesis of GRP78 
receptor which is important for entry of virus into host cells. 

Surgical debridement varied from endoscopic sinus sur-
gery with removal of cutaneous necrotic tissue, total or par-
tial maxillectomy and partial or complete orbital clearance. 
Daily dressing was done. Reconstruction of the defect was 
done by burns and plastic surgery department after a few 
months. Three patients could not be taken up for surgery 
as they were critical at the time of admission. Five patients 
expired in the early post-operative period. Our study 
observed a very high mortality rate of 38% (8 out of 21) 
in secondary cutaneous mucormycosis. Patients with higher 

Table 1 Staging of cutaneous (rhinocerebral) mucormycosis
Stage Clinical featuresl
Stage I (early) Erythema, tenderness, swelling, induration 

of skin with minimal mucosal involvement 
in one sinus

Stage II (intermediate) Blister or bullae, pustule, dusky patches 
with minimal mucosal involvement in more 
than one sinus

Stage III (late) Skin anaesthesia, Necrotic eschar, ulcer-
ation with extensive rhino-orbital involve-
ment with or without intracranial extension.

Stage III a (sinonasal) Multiple sinus involvement, maxillary bone 
erosion, palatal involvement

Stage III b 
(rhinoorbital)

Periorbital cellulitis, edema, ophthalmople-
gia, proptosis, loss of vision

Stage III c 
(rhinocerebral)

with intracranial extension

Table 2 Assessment of clinical stage at time intervals after admission
Clinical stage Number of 

patientsl  (Day 0)
Number of 
patientsl 
(Day 1)

Stage I 3 (14.2%) 2 (9.52%)
Stage II 4 (19.04%) 2 (9.52%)
Stage III 14 (66.66%) 17 (80.09%)
Stage III a (sinonasal) 6 (28.47%) 7 (33.33%)
Stage III b (rhinoorbital) 4 (19.04%) 5 (23.8%)
Stage III c (rhinocerebral) 4 (19.04%) 5 (23.8%)

Table 3 Various risk factors for mucormycosis noted in our study
Risk factorsl Number of cases
Covid − 19 infection (proven/history of fever) 14(66.6%)
Diabetes (including recent onset) 21(100%)
Diabetic Ketoacidosis 6(28.47%)
ICU stay
Steroid intake

6(28.47%)
5(23.8%)

Table 4 Prognosis of patients in various stages of the disease
Clinical stagel Total number of 

patientsl
Total number 
of patients that 
expired during 
their hospital stay

Stage I 3 0
Stage II 4 1
Stage III 14 7
Total 21 8
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classifying them into sub-groups and early surgical inter-
vention in such cases to reduce mortality due to this disease.

Conclusion

In this cohort, the prognosis of secondary cutaneous mucor-
mycosis remained poor, especially in ICU patients, those 
accumulating numerous predisposing factors. Such patients 
presented in late stages of the disease and mortality rate was 
very high in such group. Appropriate antifungal therapy, 
repeated surgical debridement was critical for good out-
come in patients with intermediate stages. In patients with 
comorbidities where surgery/ antifungal therapy was not 
possible, especially in the cases of disseminated infections, 
the short and medium-term prognosis was catastrophic.
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