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A B S T R A C T   

After first phase of Covid-19, the second wave affects a lot to the Indians with mysterious fungal infection known 
as Mucormycosis. Here, we reviewed clinical pathogenesis, signs, symptoms and treatment against black fungus. 
The conclusion revealed that use of immunosuppressant to combat Covid-19 also increases the risk to get infected 
with mucormycosis. Patients with hyperglycemia, ketoacidosis, solid organ or bone marrow transplantion, liver 
cirrhosis, neutropenia are more susceptible to get attacked by Mucormycosis moulds. Early diagnosis, removal of 
predisposing factors, timely antifungal therapy with surgical removal of all infected tissues and adjunctive 
therapies are four major factors to eradicate Mucormycosis.   

1. Introduction 

India affects a lot with the worldwide pandemic Covid-19 caused by 
“Severe acute respiratory syndrome Corona virus-2 (SARS-CoV-2)”.1 

First case of COVID-19 was reported in Kerala, India on 30th January 
2020, afterwards highest cases i.e. 1 lakhs per day were reported for the 
year by May 2020.2 After mid June recovery of patient’s increases 
successively with decrease in infection rate, further active case dropped 
to less than 15000 in January 2021. Afterwards second wave was begun 
in March 2021 with a larger blow of active cases then first wave with 
deficiency of hospital beds, vaccines, medicines, oxygen cylinders and 
oxygen. The daily reported cases were reached to around 4.5 lakhs in 
starting of May 2021.3 The effect of Covid-19 ranges from mild to 
moderate to life threatening with some associated disorders such as 
diabetes mellitus, cardiac diseases and immune compromised condi
tions.4,5 Research articles also reported about the development of severe 
opportunistic infectious diseases like pneumonia, candidiasis, pulmo
nary aspergillosis etc in Covid-19 affected patients.6,7 There are also 
reports of development of mysterious fungal infection known as 
Mucormycosis or Black fungus in Covid-19 patients.8 Covid-19 patients 
in India also suffer with this epidemic disease (mucormycosis) with a 
reported case of 8848 till May 22, 2021.9 Here the current article reports 
signs, symptoms, diagnosis, treatment, prevention against black fungus. 

2. Mucormycosis or black fungus 

Mucormycosis is also termed as black fungus due to the necrosis of 
affected tissue of patient’s skin which turns it into black. “Mucormy
cosis” is the rarest type of fungal infection in order of importance after 
candidiasis and aspergillosis. It caused by Mucormycetes belong to the 
class Zygomycetes having order Mucorales. The mucormycetes mould 
mainly occurs in soil, leaves, decayed wood, manure etc. Species of 
Mucoraceae family i.e Rhizopus arrhizus, Rhizopus pusillus, Apophyso
myces elegans, Absidia elegans and Mucor racemosus are most common 
cause of the disease.10–14 

3. Clinical pathogenesis 

Mucormycetes mould can invade in the susceptible host via nostrils, 
mouth or burned/disrupted skin which results in rhino-orbito-cerebral, 
gastrointestinal or cutaneous wound infections.15 Mucormycosis also 
results in vascular thrombus and may lead to tissue necrosis.16 

Studies suggested that Rhino cerebral Mucormycosis is most com
mon among all other cases of Mucormycosis. It is most common in the 
patients with uncontrolled diabetes and leukemia. Sometimes progres
sion of rhino-cerebral Mucormycosis may leads to central nervous sys
tem and it becomes fatal. The second most preferred site of infection 
could be lungs and sinuses. Mortality rate associated with lungs infec
tion may be over 60%.17 
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In severe Covid-19 situation patient could develop dysfunction of 
immune system with decrease in lymphocyte counts and exponentially 
rise in inflammatory cytokines such as IL-6, IL-1β, IFN- γ, MCP-1, IP-10, 
IL-4, IL-10 and Tumor necrosis factor (TNF) that leads to hyper
inflammation in the lungs and some patients may leads to death.18,19 

Due to the severity of hyperinflammation or viral load physicians 
preferred use of immunosuppressant or steroids as a life saving treat
ment in critically severe patients. A steroid reduces inflammation in the 
lungs besides these steroids also reduce immunity of the body and in
creases blood sugar level in both diabetic and normal patients.18 Ac
cording to the physicians immuunosuppresed patients are more likely to 
be affected with Mucormycosis or Black fungus.20,21 (Fig. 1) 

The entry of severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2) is possible via spike protein available on the envelope which 
binds with angiotensin converting enzyme 2 (ACE 2), which are avail
able at pancreatic beta cells, lungs, kidney and small intestine. It is 
possible that entry of virus into pancreatic cells may damage beta cells 
and leads to insulin deficiency.22,23 Patients with hyperglycemia and 
ketoacidosis are more susceptible to get attacked by Mucormycosis 
moulds.24,25 Treatment of Covid-19 patient with immunosuppressant 
having uncontrolled diabetes mellitus and ketoacidosis are also at major 
risk for Mucormycosis as it leads to dysfunctional phagocytes causes 
impaired intracellular killing by oxidative and non-oxidative mecha
nism.26 (Fig. 2) 

The pathogenesis of patients having diabetes mellitus in ketoacidosis 
also suggested that hyperglycemia and acidic pH (7.3–6.88) also leads to 
elevated free iron in the serum which is due to release of iron from the 
binding proteins. This free iron also promotes growth of Mucormycosis 
mould such as Rhizopus arrhizu, Rhizopus oryzae.27 

Moreover patients receiving deferoxamine are also more susceptible 
to get attacked by Rhizopus species while deferoxamine act as iron 
chelator. Studies suggested that Xenosiderophore, Siderophores of fun
gus has higher affinity for Iron than deferoxamine, so they easily detach 
iron from deferoxamine and provide it to fungus.28,29 

It was also pointed out that obese adipose tissues releases adipokines 
that modulate glucose metabolism by excessive release of inflammatory 
cytokines (IL-6, IL-8, TNF-α) and causes hyperinflammation.30,31 Adi
pose tissues in obese patient also induce mitochondrial production of 
reactive oxygen species (ROS).32 In hyperglycemic state, higher level of 
ROS will cause increased glycosylation and activation of protein kinase 

C.33 Therefore, Covid-19 patient with obesity are also more prone to get 
attacked by Mucormycosis. 

Patients with solid organ or bone marrow transplantion, liver 
cirrhosis, neutropenia are also more susceptible to get infected with 
Mucormycosis. As these patients have lesser number of monocytes and 
neutrophils which has ability to inhibit mucormycetes mould.21,34,35 So 
here the inference is that Covid patient with lesser number of monocytes 
and meutrophils has higher probability to get infected by mucormycosis. 

As discussed above, the probability of the development of Mucor
mycosis mould is mainly associated with patients suffering from dia
betes mellitus, ketoacidosis, decreased immunity and patient’s 
receiveing immunosuppressant/corticosteroids as in case of Covid-19. 
The source of developing or inoculation of Mucormycosis moulds is 
mainly accompanied by contamination with water and soil.36 In case of 
Covid-19 probably the source could be water for humidifier during ox
ygen therapy before inhaling inside by the patients. The infection can be 
life threatening and has a mortality rate of 38–80%. 

4. Signs and symptoms 

During treatment or post Covid-19 patient’s complaint for fever, 
headache, and reddish swollen skin over nose and around eyes all are 
the major signs and symptoms of Mucormycosis.37,38 Patients also re
ported visual abnormalities, eye swelling, ocular pain, facial edema and 
breathe shortening. Diabetic patients also reported for the symptoms of 
diplopia which is also the sign of infection.39 In scientific terminology 
sinus pain, proptosis, periorbital swelling, orbital apex syndrome and 
ulcer of the palate and cranial nerve palsy are the major symptoms of 
Mucormycosis infection.40 

5. Diagnosis 

Diagnosis of mucormycosis is a challenging task but based upon 
identification of characteristic symptoms, detailed patient history, 
thorough clinical evaluation and specialized tests dedicated physician 
can diagnose it. Mucormycosis doesn’t respond to any antigen detection 
test as galactomannan antigen test is available for detection of 
aspergillosis.41 

Histopathology of infected tissue is also used to distinguish the 
Mucorales from Aspergillus or other hyaline molds as Mucorales 

Fig. 1. In severe Covid-19 situation patient could develop dysfunction of immune system with decrease in lymphocyte counts and exponentially rise in inflammatory.  
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produce typical non-pigmented, wide (5–20 μm), thin walled, ribbon 
like hyphae.41 Direct microscopy (wet mounts method) of infected tissue 
using fluorescent brighteners i.e. Blankophor, Calcofluor white with 
potassium hydroxide is also used for rapid diagnosis and visualization of 
characteristic fungal hyphae. Culture of specimen is also important 
method as mucorales are able to grow rapidly at temperature of 
24–37 ◦C within a time frame of 24–48 h. Tissue culture method allows 
identification to the level of genus and species.42 

Milon L et al. reported early diagnosis and monitoring of mucor
mycosis by detection of circulating DNA in serum using quantitative 
polymerase chain reaction that are difficult to diagnose by histopatho
logical examination. Reported method has good specificity with no cross 
amplification with other common fungal infection causing species such 
as Fusarium, Aspergillus and Scedosporium. Moreover, the qPCR 
method is also useful in the patients who cannot undergo biopsy or the 
patients with haematologic malignancies due to severe 
thrombocytopenia.43,44 

6. Treatment 

Early diagnosis, removal of predisposing factors, timely antifungal 
therapy with surgical removal of all infected tissues and adjunctive 
therapies are four major factors to eradicate Mucormycosis.45 Due to 
availability of limited tools early detection in 50% cases is suspicious 
and is only diagnosed after post-mortem.46 Only in case of 
rhino-cerebral and cutaneous infection it is possible to diagnose via 
imaging studies and nasal endoscopy.47 Million et al. reported a poly
merase chain reaction (PCR) method which detects mucorales DNA in 
blood samples three days before Mucormycosis diagnosis.48 Therefore, If 
Covid − 19 patient with diabetes report headache and visual abnor
malities then patient must be evaluated for Mucormycosis via imaging 
studies and nasal endoscopy. Early detection in such case may save life 
because in later phase fungus may penetrate the cranium and may lead 
to death. 

Removals or control of all predisposing factors are also necessary for 
proper treatment of Mucormycosis infection. As diabetes with ketoaci
dosis is the major problem among Indian patients so control over hy
perglycemia with reversal of ketoacidosis may lead to reversal of 

mucorales to invade host tissues.39 In this respect a study suggested that 
use of Sodium bicarbonate with insulin may reverse diabetic ketoaci
dosis.49 Limited or no use of Immunosuppressant drugs mainly steroids 
and deferoxamine also strongly opposes the invasion of mucorales in the 
host tissues.13 

If possible, removal of infected tissues is the best possible treatment 
for the mucormycosis. However this is easier in some cases such as 
rhino-cerebral or cutaneous infection but it is impossible to operate in 
many cases such as pulmonary disease or if the virus invades cerebra.44 

A study reported that early surgerical excision of infected sinuses in 
rhino-cerebral mucormycosis prevent the infection from invasion in eyes 
which results in higher cure rates of 85%. In a study, it was also reported 
that mortality was reduced to 14% from 70% if surgery was performed 
with antifungal agents.45 

In several studies it was found that use of Amphotericin B is preferred 
antifungal drug of choice for the treatment of mucormycosis infection. 
Liposomal amphotericin B with a low dose of 5 mg/g/day to higher dose 
of 10 mg/kg/day to cerebral infection patient is most preferred as of low 
toxicity and higher CNS penetration.51,52 However, the duration of 
treatment with Amphotericin B is still not properly reported and it was 
decided by the physician on the basis of underlying condition of the 
patient. Some reports proposed at least three weeks treatment with 
Amphotericin B and if radiological and clinical improvement was 
observed then further treatment is clubbed with triazoles such as pos
aconazole, isavuconazole, voriconazole etc.53,54 

Studies revealed that posaconazole is the most prominent alternate 
of Amphotericin B for the treatment of Mucormycosis infection.54 

Clinical studies in animal models indicate that posaconazole is more 
effective then itraconazole and less effective then amphotericin B. 
Intravenous or tablet dosage form provides enhanced bioavailability to 
posaconazole drug. 48 Significant in-vitro activity against mucorales has 
been reported for Itraconazole, a broad spectrum triazole but in clinical 
trials it fails to demotivate mucorales. Voriconazole failed to prove 
against mucorales in an in-vitro model.50,55,56 Therefore triazoles should 
not be considered as a first line agent against Mucormycosis. 

In an experimental murine model, Caspofungin alone showed mini
mal activity against mucorales when tested in-vitro however in combi
nation with amphotericin B it shows synergistic effect. It has very less 

Fig. 2. The entry of SARS-CoV-2 is possible via spike protein available on the envelope which binds with angiotensin converting enzyme 2 (ACE 2), which are.  
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toxicity. In an in-vitro activity, low dose of Caspofungin found effective 
by inhibiting (1–3)-β-D-glucan synthetase enzyme expressed by Rhizopus 
oryzae.57,58 

Other adjunctive therapies include iron chelator other than defer
oxamine. Iron chelators did not allow the fungus to take iron and not 
support its growth whereas deferoxamine promotes growth of moulds.59 

Use of hyperbaric oxygen also suppresses the growth of Mucormycosis 
mould as higher pressure of oxygen improves the ability of neutrophils 
to the kill the moulds.60 

7. Conclusion 

In the current situation of Covid-19, immunosuppressant has been a 
major tool to combat the severity of hyperinflammation or viral load in 
Covid-19 patient, in consequence to it significantly increases the risk to 
get infected with mucormycosis infection. The risk to get infected with 
mucormycosis increases sharply with patients having uncontrolled 
diabetes, leukemia as well as ketoacidosis. Healthcare professionals 
must care about the previous history of patient while treating Covid-19 
because patients with solid organ or bone marrow transplantion, liver 
cirrhosis, neutropenia are at more risk to get infected with mucormy
cosis. Patients must report early for any type of sign and symptoms of 
Mucormycosis such as complaint for fever, headache, and reddish 
swollen skin over nose and around eyes because early diagnosis and 
removal of infected part with antifungal therapy is the major tool to 
eradicate the infection. More research is needed for better prevention 
and control over the opportunistic mucormycosis infection in Covid-19 
patient. Also more refinement is necessary for the use of immunosup
pressant during Covid-19 treatment. 
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