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ABSTRACT

Mucormycosis can be elaborated as mycosis due to Mucorales. Mucormycosis is an angioinvasive infection. Fungi of Mucorales order is the causative 
organism of mucormycosis and pertains to the class of zygomycetes. It is ordered on number third after candidiasis and aspergillosis in the category of 
invasive mycosis. Rhizopus arrhizus (oryzae) is the most important species which cause this disease. It is categorized as a disease with high mortality. 
There is a 46% chance of mucormycosis with person having sinus infection, 76% of chances with pulmonary infection, and 96% for disseminated 
Mucormycosis. The COVID-19 pandemic precipitated this disease in a common way. Around 90% of the population was exposed to coronavirus 
disease 2019 (COVID-19) infection during the pandemic which ultimately affected the immunity of individual, leading to increased chance of exposure 
to other infectious disease. Mucormycosis is one of such disease which can highly affect the individual with COVID-19 infection in patient’s history. 
This review presents a brief about the disease origin, occurrences, types, signs and symptoms, risk factors, diagnosis, and treatments available, along 
with recent patents. This review also elaborated the treatment of COVID-19-associated mucormycosis and other risk factors. It was found that the 
diagnosis is not simple and easy sometimes it was observed postmortem also. This review also focuses on various methods with which easy diagnosis 
of this dreadful disease can be done.
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INTRODUCTION

Saprobes originated from rotten matter or soils are the common 
causes of mucormycosis. It is a subtle fungal infection also known 
as zygomycosis as invented by American pathologist R.D. Baker. 
Mucorales and entomophthorales comprise zygomycetes and hence 
are a life-threatening invasive fungal disease [1-3]. This disease affects 
vital organs of the body such as the brain and can also cause internal 
damage to the ear, nose, throat, and mouth if not treated properly and 
strategically in 1876, Furbringer first reported few hundred cases 
of pulmonary mucormycosis in Germany [4,5]. Baker made a classic 
review of all the cases of, mucormycosis previously described in 1955. 
This review revealed that in the old German literature, there were 
six cases and ten cases in the American literature [6]. Mucormycosis 
shows symptoms such as one-sided facial swelling, headache, nose 
or sinus congestion, rapidly worsening black lesions on the bridge of 
the nose or upper mouth, and fever. The site of infection looks such as 
blisters and turns black due to which it is also known as “black fungus 
disease” [7].

The patients having previous history of infectious disease, that is, 
immunocompromised patients are at a great risk of mucormycosis [1-4]. 
The pancreatic beta cells are damaged due to diabetes resulting in least 
or no insulin production which leads to hyperglycemia condition [8-10]. 
This causes dysfunction of the immune response. The cases of diabetes 
mellitus (DM) are very high in India due to which the country stands 
in the second position for the highest number of DM patients in the 
population. DM has also been the most common underlying condition 
linked with mucormycosis in India [11]. The immune system of cancer 
patient weakens due to chemotherapy and radiations as they destroy 
cancer cells, which increase the chances of getting a fungal infection. 
Hence, cancerous patients are also at a high risk of mucormycosis. The 
patient with long-term use of corticosteroids with high blood glucose 
level can also be affected by mucormycosis. Organ transplant, stem cell 
transplant, Neutropenia (low number of white blood cells), and skin 
injuries due to surgery, burns, or wounds are also the conditions under 
which the patient is at high risk of mucormycosis [12].

The accelerating mode of coronavirus disease 2019 (COVID-19) 
pandemic is still on. Many countries including India have faced the 
second wave of this dreadful disease and some countries of the world 
have also suffered from the third wave which results in a panic situation. 
China has faced consecutive four waves of COVID-19 with maximum 
number of deaths [13]. As per the reports from Chinese Centre for 
Disease Control and Prevention on 25 December 2022, China’s Zhejiang 
is facing millions new daily cases of COVID-19 infections. Use of anti-
viral drug like remdisivir and other supportive care equipments 
such as oxygen cylinders, ventilators, and heavy use of steroids was 
used in the management of COVID-19 as there was no specific drug 
discovered to treat the condition. In the middle of this pandemic, the 
COVID-19 patients are at a high risk of secondary infections such as 
mucormycosis also known as black fungus disease [14,15].

TYPES OF MUCORMYCOSIS

Rhino cerebral mucormycosis
It is also known as rhino-sinus mucormycosis. It covers a major portion 
of all types about 50%. The disease starts from palate necrosis, then 
orbit and intracranial structures are affected. The common symptoms 
under this type are fever, epistaxis, paralysis of face, obnubilation, etc. 
This type of mucormycosis is very fatal as it progresses to cavernous 
sinuses and cranial invasions, if not resolved initially. Furthermore, 
mortality rate is highest in this type, that is, about 35–70% [16].

Respiratory mucormycosis
Lung invasion is caused by spore’s inhalation and it is the second 
most common clinical manifestation. Symptoms in this type appear in 
later stages. It includes necrotizing pneumonia and lung abscesses. It 
appears similar to invasive aspergillosis which dictates the presence 
of vascular invasion, thrombosis followed by tissue necrosis when 
investigated radiologically [17].

Cutaneous mucormycosis
Cutaneous mucormycosis can also be called as zygomycosis. This 
condition can develop on cutaneous and soft-tissues after burns, cuts, 
surgery, scratches, barrier ruptures, or after any kind of skin trauma. 
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The catheter insertion sites are also at high risk. Sometimes the 
intramuscular injections and contaminated dressings are also found 
responsible for the infection. “Hairy pus” in the form of cotton-like 
growth is the most significant symptom which is a representative of 
cutaneous mucormycosis. The mortality rate is low when diagnosed in 
early stages [18,19].

CNS mucormycosis
This type of Mucormycosis develops due to progression from rhino-
orbital route. High mortality rate has found in case of delayed diagnosis.

Gastrointestinal mucormycosis
It is also another common type of mucormycosis. It can involve any part 
of digestive tract. The common signs and symptoms include abdominal 
pain and distention, along with nausea and vomiting. Rate of mortality 
is very high in this type [20].

THE UPSURGE IN MUCORMYCOSIS DUE TO COVID-19

Although it is a rare fungal disease, various underlying conditions 
such as sinus infection and pulmonary infection contribute to this 
fungal infection. COVID-19 enhances the risk of secondary infections 
as like mucormycosis because due to this infection, the patient is in 
immunosuppressed state. Various factors associated with COVID-19-
infected patients during the second wave of pandemic attribute to 
mucormycosis fungal infection, also known as black fungus [21,22]. 
A 52-year-old woman from Hamirpur district of Himachal Pradesh 
was diagnosed with COVID-19-associated mucormycosis (CAM) in year 
2021 after the second wave of COVID-19 pandemic. It was the first case 
of CAM reported in India. She was tested positive for COVID-19 on May 
4, 2021, and also suffered from diabetes and high blood pressure On 
May 28, 2021, 14,872 cases of mucormycosis were reported during 
the second wave of COVID-19 which was a drastic increment in the 
infection [7]. Gujarat with 3726 cases of mucormycosis was one of the 
states with highest number of cases of mucormycosis [23-26].

The former Health Minister Mr. Harsh Vardan announced that there 
were over 40,000 cases of mucormycosis in India. In May 2021, CAM 
was declared as epidemic and a notifable disease in several states of 
India which included Rajasthan, Telangana, and Tamil Nadu, under the 
Epidemic Disease Act 1897. This disease is not contagious but can be 
life-threatening if not treated early [27-29].

The World Health Organization (WHO) also reported various cases of 
CAM in many countries such as Austria, Brazil, Egypt, France, India, 
Iran, Italy, and US. The Centre for Disease Control and Prevention, U.S., 
estimated the spreading rate of CAM as 0.14 cases/1000 people. This is 
around 80 times greater than in wealthy countries [29-31].

ETIOLOGY OF CAM

Lymphopenia due to COVID-19 causes considerable decrease in the 
number of T-cells (CD4+ and CD8+). T-cells play a key role in maintaining 
immunological memory and self-tolerance [32-34]. When the availability 
of T-cells is reduced due to COVID-19, it enhances the risk of fungal infection 
as like mucormycosis [35-37]. The other reason which contributes to 
the development of mucormycosis is the increased number of pro-
inflammatory markers due to COVID-19 [38-40]. COVID-19 also caused 
marked deterioration of the lung tissue as it affected the pulmonary 
system to a great extent. It plays a supportive role for the development of 
mucormycosis and other disorders of respiratory system [41].

From the above discussion, it can be concluded that the etiology for 
CAM is related to various immune and inflammatory responses due to 
the coronavirus [42].

RISK FACTORS CONTRIBUTING TO CAM

The abrupt rise in the cases of mucormycosis in India during the 
COVID-19 pandemic seems to be multifactorial in nature. There are 

various risk factors contributing to CAM which includes DM, long-
term use of corticosteroids, antibiotics, and enhanced use of steam 
inhalation [18,43-45].

The use of contaminated or poor-quality oxygen cylinders, low-quality 
oxygen piping system, and ordinary tap water in ventilators are also 
some of the major risk factors. The sign and symptoms of CAM manifest 
during the recovery period of COVID-19.

Middle-aged patients of DM treated with steroids had a great risk 
of mucormycosis, when exposed to COVID-19 infection. Extensive 
review by Maertens et al revealed that 71.4% case of COVID-19 
have received high dose of corticosteroids [55]. As per Indian 
authority recommendations during the initial period of pandemic, 
the patients with severe and critical COVID-19 were exposed to high 
methylprednisolone dose. The high dose of corticosteroids causes 
lymphopenia and T lymphocyte deregulation due to which the 
patients move to a more immunocompromised state and hence can be 
easily exposed to fungal attack as like mucormycosis [16,43,46-48]. 
A survey of COVID care center in India stated that 93% of the CAM 
patients had previous exposure to high-dose corticosteroids during 
the second wave of COVID-19. Use of home remedies during the 
COVID-19 pandemic had a strong emphasis on the population 
worldwide, among which one of them is steam inhalation. Intense 
steam inhalation causes mucosal erosion which can be a supportive 
environment for growth of fungal colonies of mucormycosis post-
COVID-19. During the COVID-19 pandemic, the inappropriate use 
of broad-spectrum antibiotics especially macrolides causes the 
enhanced risk of CAM [49-52]. The broad-spectrum antibiotics 
cause hindrance in the healthy sinonasal microbiome and disrupt 
antimicrobial immune response. Azithromycin is also one of 
the antibiotics used for COVID-19 treatment which reduces the 
immune responses and promotes CAM. COVID-19 second wave 
broadly affected the lungs of the patients and caused pneumonia 
due to which insufficient oxygen in the body leads to the death of 
the patient [53]. The COVID-19 pandemic in 2021 accelerated the 
demand of the oxygen globally to such level that some countries 
were unable to fulfill high oxygen demand. As per the WHO reports, 
20–40% of death due to COVID-19 pandemic were due to scarcity 
of oxygen supply under medical facilities. This medical emergency 
required high oxygen production [54]. The chances of addition of 
impurities and contamination increase to many folds due to its high 
demand. Low-quality oxygen cylinders and piping system promoted 
the growth of CAM. The black fungus travel to the nasal tract which 
subsequently grown in the nostril moving toward eyes and then brain 
which resulted in the paralysis of nerve and permanent damage to 
the eye. It could also result in heart attack [30]. Other than these, 
excessive use of zinc supplement and no or improper use of mask 
during COVID-19 or post-COVID-19 are also some risk factors which 
were responsible for causing CAM [55].

MANAGEMENT OF CAM AS PER EUROPEAN CONFEDERATION OF 
MEDICAL MYCOLOGY (ECMM)

CAM cases were grown unexpectedly after the second wave of COVID-19. 
The management of mucormycosis associated with COVID-19 was a 
challenging task for the clinicians [55].

The collaborated efforts of ECMM and the International Society of 
Human and Animal Mycology (ICHAM) issued guidelines for the 
management of CAM in public interest. This resulted in removal of the 
false conception about the diagnosis and treatment of the diseases. The 
recommendations served by ECMM and ICHAM helped the clinicians to 
manage the infection [56].

Diagnosis
As per ECMM guidelines, two methods for diagnosis of CAM include 
imaging and mycological diagnosis. This includes Magnetic Resonance 
imaging (MRI) and Computed Tomography (CT) imaging study of brain 
and paranasal sinuses for precise diagnosis [57-60]. MRI should be 
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preferred over CT scan as MRI helps in diagnosing the extend of fungal 
infection and CT scan diagnoses the bony erosion which is observed 
only at the later stage of the infection [61].

In mycological diagnosis, the samples are taken from the abrasions due 
to mucormycosis. The sample can be bronchoalveolar lavage (BAL) 
sample, mini-BAL non-bronchoscopic lavage, and trans-bronchial 
biopsy from pulmonary mucormycosis. The histopathological and/or 
microbiological examination of the sample is done [62-64].

Treatment
Treatment of CAM is similar to the treatment for mucormycosis patients 
without COVID-19 history. The aggressive growth of the disease should 
be controlled first by eliminating predisposing factors such as diabetes 
and ketoacidosis.

When the condition is not treated within 6 days, the mortality rate 
can be increased to folds. Hence, the treatment of the disease should 

be done with underlying formulations as soon as the diagnosis is 
done [57]. The first-line treatment of CAM can be done by anti-fungal 
agents amongst which Amphotericin B is the most effective anti-
fungal drug. Isavuconazole and posaconazole injections can also be 
used if the patient is intolerant to polyene. Itraconazole is also an 
alternative drug for treating CAM, if the previously discussed drugs 
are unavailable or unsuitable for the patient [58]. The local control 
of the affected area due to CAM can be done by surgical endoscopy 
of the affected internal tissues and bones during the progression of 
the disease. This results in higher survival rate of the CAM-infected 
individuals. The disease can be recurrent due to some remains of 
infection left in the operated area. Repeated debridement can be done 
in such cases [59-65].

Prevention
ECMM also issued preventive measures to avoid the exposure of 
COVID-19 patients to mucormycosis. During the treatment for 
COVID-19, strict control on glycemic level is required [66-68].

Table 1: Patents related to mucormycosis

Claim Patent No. Inventor Description
Use of coth for 
immunotherapy 
and diagnosis of 
mucormycosis

US20190194301A1
United state

Ibrahim AS, Liu M, 
Ghebremarium T, Fu Y, 
Edwards JE, Filler S.

This invention describes the composition and method for 
targeting specific protein or nucleic acid of fungi that causes 
mucormycosis [71].

Procedure for diagnosing 
and monitoring 
mucormycosis

EP2646829A1
Europe

Luppi M, Barozzi P, 
Potenza L, Vallerini D, 
Forghieri F.

This invention describes the procedure with which diagnosis 
and monitoring of mucormycosis can be done. In this, the 
biological fluid of the patient is exposed to mucor antigen 
and then the Mucorales-specific T cells are identified by 
various in vitro detection methods. These methods are 
immunoenzymatic assays (ELISPOT, Quantiferon) or of 
immunocytofluorimetric assay [Cytokine Secretion Assay (CSA), 
Intracellular Cytokine Staining (ICS)] [72].

Treatment method for 
mucormycosis and other 
epiphyte diseases

CN101511360A
China

Ibrahim AS, Spielberg 
BJ, Edwards JE.

This invention provides a composition of at least a iron chelating 
agent and one antifungal agnet with which mucormycosis or 
other epiphyte disease can be treated effectively [73].

Composition of vaccine for 
mucormycosis

CN102639557A
China

Ibrahim A.S., Spielberg 
B.J., Edwards J.E.

This innovation involves description of vaccine developed for 
treatment and prevention of various fungal diseases including 
mucormycosis [74].

Use of the combination 
of iron chelator and 
antifungal agent for 
the treatment of 
mucormycosis 

NZ 574862A
New Zealand

Ibrahim AS, Spellberg 
BJ, Edwards JE.

The efficient treatment of various infectious diseases specially 
fungal disease as like mucormycosis can be done by this 
invention. [75].

Mucormycosis treatment 
agent

JP2021134176A
Japan

Chibana H, Chika H, 
Chibana H.

This invention involves isolation of an antibiotic siccanin which 
is isolated from Helminthosporium siccans Drechsler culture 
filtrate that can be a safe and effective therapeutic agent for 
treatment of mucormycosis [76].

Approach for prevention 
and treatment of 
mucormycosis

US20210284742A1
United state

Bruno V, Watkins TN, 
Ibrahim A.

This invention provides an approach for prevention and 
treatment of mucormycosis. In this approach, a therapeutically 
effective amount of agent is administered which is capable of 
suppressing a signaling pathway of a receptor which is selected 
from the group which constitutes epidermal growth factor 
receptor, platelet derived growth factor receptor, ErbB2/Her2, 
progesterone receptor and a combination thereof [77].

Method of preparation 
of feed for treating 
mucormycosis of cyclemys 
trifasciata

CN104872438A
China

Dongxiu S, Jingjia C. This invention discloses a preparation method of a feed for 
treating mucormycosis of cyclemys trifasciata by resisting 
bacterium, diminishing inflammation, enhancing the 
immunologic function of the body which can lead to reduce 
death rate [78].

Tools and methods for 
diagnosing/testing 
mucormycosis

JP6742611B2
Japan

Kakeya H, Kaneko Y, 
Miyazaki Y, Yamagoe S.

This invention reveals a diagnostic method for diagnosing 
mucormycosis by detecting a protein specific to Rhizopus which 
can only be found in the biological sample of an individual 
infected with mucormycosis [79].

Compositions and 
methods for the treatment 
of mucormycosis and 
other fungal diseases

BRPI0714221A2
Brazil

Spellberg BJ, Edwards 
JE, Ibrahim AS.

This invention reveals the tools and methods for diagnosing and 
testing mucormycosis [80].
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Use of systemic corticosteroids should be used only in emergency 
condition as like hypoxia, along with the maintenance of glycemic level. 
Steroid therapy should be under limited dose. Surgical or three-layered 
linen mask should be used, so that exposure to the fungal infection is 
reduced. General awareness to the recovered patients of COVID-19 
should be given by the health officials regarding the signs and symptoms 
of CAM. This includes facial pain, nasal blockage, excessive discharge, 
loosening of teethes, chest pain, and respiratory insufficiency [69,70].

PATENTS RELATED TO MUCORMYCOSIS

There are some of the patents published till now related to the 
mucormycosis as depicted in Table 1. There is a lot of scope of discovery 
in the field of CAM. The patents related to CAM are under process and 
have a future scope of patent publication and grant.

CONCLUSION

From the above review, it can be concluded that mucormycosis is a 
dreadful disease which can affect a large number of the population 
having previous history of COVID-19. Various patents have also been 
filed related to the treatment and diagnosis of CAM which is not 
published yet. Hence, an urgent attention is required to aware the 
patients with high risk of mucormycosis to control the growth of this 
epidemic in urban as well as rural areas. Developing rapid laboratory 
diagnostic methods, specific vaccines and therapies for the prevention 
and treatment of CAM should be a part of the effort to limit the outbreak. 
At present, no specific anti-mucormycotic drug is available for effective 
and targeted treatment of this disease. Hence, this compiled information 
can be helpful to the researchers working in the field of diagnosing and 
treating CAM. The majority of the population is affected with COVID-19 
pandemic once or twice during this pandemic, so cumulating the share 
of risk of mucormycosis to such COVID-19 patient and its treatment 
can be of great discussion which can be clarified by this review. The 
development of vaccine for this pandemic can also be a major outbreak 
for controlling the spread of this pandemic.

ACKNOWLEDGMENT

The authors are thankful to the Department of Pharmacy, Columbia 
Group of Institutions for providing necessary facilities also thankful to 
the coauthors for providing the ideas for the review.

AUTHOR CONTRIBUTION

DK: Depth revision of article and approved version for publication. SM: 
Developing the concept and design of the article. BV: Have reviewed 
the work for maintaining the integrity of the article. KV: Data collection 
from different sources. SB: Drafted the article including accession of 
data.

CONFLICTS OF INTEREST

There were not any potential conflicts of interest between the authors.

AUTHOR FUNDING

No funding agency was involved.

REFERENCES

1. MoHFW, Ministry of Health and Family Welfare. Government of 
India. Available from: https://main.mohfw.gov.in/sites/default/files/
FinalforNetEnglishMoHFW040222.pdf [Last accessed on 2021 Jul 17].

2. Sharma S, Grover M, Bhargava S, Samdani S, Kataria T. Post coronavirus 
disease mucormycosis: A deadly addition to the pandemic spectrum. 
J Laryngol Otol 2021;135:442-7. doi: 10.1017/S0022215121000992, 
PMID 33827722

3. Saidha PK, Kapoor S, Das P, Gupta A, Kakkar V, Kumar A, et al. 
Mucormycosis of paranasal sinuses of odontogenic origin post 
COVID19 infection: A case series. Indian J Otolaryngol Head Neck 
Surg 2021;74:1-5.

4. Rocha IC, Hasan MM, Goyal S, Patel T, Jain S, Ghosh A, et al. 

COVID-19 and mucormycosis syndemic: Double health threat 
to a collapsing healthcare system in India. Trop Med Int Health 
2021;26:1016-8. doi: 10.1111/tmi.13641, PMID 34117677

5. Rodriguez-Morales AJ, Sah R, Millan-Oñate J, Gonzalez A, 
Montenegro-Idrogo JJ, Scherger S, et al. COVID-19 associated 
mucormycosis: The urgent need to reconsider the indiscriminate 
use of immunosuppressive drugs. Ther Adv Infect Dis 2021;8:1-5. 
doi: 10.1177/20499361211027065, PMID 34211710

6. Alfishawy M, Elbendary A, Younes A, Negm A, Hassan WS, Osman SH, 
et al. Diabetes mellitus and coronavirus disease (Covid-19) Associated 
mucormycosis (CAM): A wake-up call from Egypt. Diabetes Metab 
Syndr Clin Res Rev 2021;15:102195. doi: 10.1016/j.dsx.2021.102195

7. Banerjee M, Pal R, Bhadada SK. Intercepting the deadly trinity of 
mucormycosis, diabetes and COVID-19 in India. Postgrad Med J 
2022;98:e108-9. doi: 10.1136/postgradmedj-2021-140537

8. Raut A, Huy NT. Rising incidence of mucormycosis in patients with 
COVID-19: Another challenge for India amidst the second wave? 
Lancet Respir Med 2021;9:e77. doi: 10.1016/S2213-2600(21)00265-4, 
PMID 34090607

9. Pandiar D, Kumar NS, Anand R, Kamboj M, Narwal A, 
Shameena PM, et al. Does COVID 19 generate a milieu for propagation 
of mucormycosis? Med Hypotheses 2021;152:110613. doi: 10.1016/j.
mehy.2021.110613, PMID 34087613

10. Paltauf A. Mycosis mucorina. Virchows Arch Pathol Anat Physiol Klin 
Med 1885;102:543.e64.

11. WHO. Diabetes Fact-Sheets; 2021. Available from: https://www.
who.int/news-room/fact-sheets/detail/diabetes [Last accessed on 
2021 May 26].

12. Baker RD. Mucormycosis-a new disease? J Am Med Assoc 
1957;163:805-8. doi: 10.1001/jama.1957.02970450007003

13. Eucker J, Sezer O, Graf B, Possinger K. Mucormycoses. 
Mycoses 2001;44:253-60. doi: 10.1111/j.1439-
0507.2001.00656.x, PMID 11714058

14. Prakash H, Chakrabarti A. Global epidemiology of mucormycosis. 
J Fungi (Basel) 2019;5:26. doi: 10.3390/jof5010026, PMID 30901907

15. International Diabetes Federation. IDF Diabetes Atlas. Available from: 
https://diabetesatlas.org/en/resources/ [Last accessed on 2021 Jul 07].

16. Kwon-Chung KJ. Taxonomy of fungi causing mucormycosis 
and entomophthoramycosis (Zygomycosis) and nomenclature of 
the disease: Molecular mycologic perspectives. Clin Infect Dis 
2012;54 Suppl 1:S8-15. doi: 10.1093/cid/cir864, PMID 22247451

17. Chibucos MC, Soliman S, Gebremariam T, Lee H, Daugherty S, 
Orvis J, et al. An integrated genomic and transcriptomic survey of 
mucormycosis-causing fungi. Nat Commun 2016;7:12218.

18. Suganya R, Malathi N, Karthikeyan V, Janagaraj VD. Mucormycosis: 
A brief review. J Pure Appl Microbiol 2019;13:161-5. doi: 10.22207/
JPAM.13.1.16

19. Spellberg B, Edwards J Jr., Ibrahim A. Novel perspectives on 
mucormycosis: Pathophysiology, presentation, and management. Clin 
Microbiol Rev 2005;18:556-69. doi: 10.1128/CMR.18.3.556-569.2005, 
PMID 16020690

20. Garcia-Covarrubias L, Bartlett R, Barratt DM, Wassermann RJ. 
Rhino-orbitocerebral mucormycosis attributable to Apophysomyces 
elegans in an immunocompetent individual: Case report and review 
of the literature. J Trauma 2001;50:353-7. doi: 10.1097/00005373-
200102000-00027, PMID 11242306

21. Stone N, Gupta N, Schwartz I. Mucormycosis: Time to address this 
deadly fungal infection. Lancet Microbe 2021;2:e343-4.

22. Times of India. Explained: Can Industrial Oxygen be Behind the 
Outbreak of Black Fungus?; 2021. Available from: https://timesofindia.
indiatimes.com/life-style/health-fitness/healthnews/black-fungus-
causes-can-industrial-oxygen-be-behind-theoutbreak-of-black-fungus/
photostory/83035047.cms [Last accessed on 2021 Jun 16].

23. India Today. Can Spurt in Black Fungus cases be Blamed on 
Industrial Oxygen Cylinders, Dirty Water in Humidifiers?; 2021. 
Available from: https://www.indiatoday.in/coronavirusoutbreak/
story/black-fungus-cases-industrial-oxygen-cylindershumidifiers-
covid-19-1807099-2021-05-26 [Last accessed on 2021 Jun 16].

24. Bhatt K, Agolli A, Patel MH, Garimella R, Devi M, Garcia E, et al. 
High mortality co-infections of COVID-19 patients: Mucormycosis 
and other fungal infections. Discoveries (Craiova) 2021;9:e126. 
doi: 10.15190/d.2021.5, PMID 34036149

25. Sarkar S, Gokhale T, Choudhury SS, Deb AK. COVID-19 and orbital 
mucormycosis. Indian J Ophthalmol 2021;69:1002-4. doi: 10.4103/ijo.
IJO_3763_20, PMID 33727483

26. Aggarwal D, Chander J, Janmeja AK, Katyal R. Pulmonary tuberculosis 
and mucormycosis co-infection in a diabetic patient. Lung India 



28

Asian J Pharm Clin Res, Vol 16, Issue 8, 2023, 24-29
 Banjare et al.

2015;32:53-5. doi: 10.4103/0970-2113.148452, PMID 25624598
27. Chamilos G, Marom EM, Lewis RE, Lionakis MS, Kontoyiannis DP. 

Predictors of pulmonary Zygomycosis versus invasive pulmonary 
aspergillosis in patients with cancer. Clin Infect Dis 2005;41:60-6. 
doi: 10.1086/430710, PMID 15937764

28. Legouge C, Caillot D, Chrétien ML, Lafon I, Ferrant E, Audia S, 
et al. The reversed halo sign: Pathognomonic pattern of pulmonary 
mucormycosis in leukemic patients with neutropenia? Clin Infect Dis 
2014;58:672-8. doi: 10.1093/cid/cit929, PMID 24352351

29. Liu Y, Wu H, Huang F, Fan Z, Xu B. Utility of 18F- FDG PET/
CT in diagnosis and management of mucormycosis. Clin Nucl 
Med 2013;38:e370-1. doi: 10.1097/RLU.0b013e3182867d13, 
PMID 23531773

30. Frater JL, Hall GS, Procop GW. Histologic features of Zygomycosis: 
Emphasis on perineural invasion and fungal morphology. Arch Pathol 
Lab Med 2001;125:375-8. doi: 10.5858/2001-125-0375-HFOZ, 
PMID 11231486

31. Lass-Flörl C. Zygomycosis: Conventional laboratory diagnosis. 
Clin Microbiol Infect 2009;15 Suppl 5:60-5. doi: 10.1111/j.1469-
0691.2009.02999.x, PMID 19754760

32. Runwal P. A Rare Black Fungus is Infecting Many of India’s 
COVID-19 Patients-why? Science, National Geography; 2021. 
Available from: https://www.nationalgeographic.co.uk/science-
andtechnology/2021/05/a-rare-black-fungus-is-infecting-many-
ofindias-covid-19-patients-why [Last accessed on 2021 May 26].

33. Monheit JE, Cowan DF, Moore DG. Rapid detection of fungi in tissues 
using Calcofluor white and fluorescence microscopy. Arch Pathol Lab 
Med 1984;108:616-8. PMID 6204621

34. Schrödl W, Heydel T, Schwartze VU, Hoffmann K, Grosse-Herrenthey A, 
Walther G, et al. Direct analysis and identification of pathogenic Lichtheimia 
species by matrix-assisted laser desorption ionization “Time of Flight” 
analyzer-mediated mass spectrometry. J Clin Microbiol 2012;50:419-27. 
doi: 10.1128/JCM.01070-11, PMID 22135259

35. Yang M, Lee JH, Kim YK, Ki CS, Huh HJ, Lee NY. Identification of 
Mucorales from clinical specimens: A 4-year experience in a single 
institution. Ann Lab Med 2016;36:60-3. doi: 10.3343/alm.2016.36.1.60, 
PMID 26522761

36. Schwarz P, Lortholary O, Dromer F, Dannaoui E. Carbon assimilation 
profiles as a tool for identification of zygomycetes. J Clin Microbiol 
2007;45:1433-9. doi: 10.1128/JCM.02219-06, PMID 17329449

37. Sandven PE, Eduard W. Detection and quantitation of antibodies 
against Rhizopus by enzyme-linked immunosorbent assay. APMIS 
1992;100:981-7. doi: 10.1111/j.1699-0463.1992.tb04029.x, 
PMID 1472367

38. Jones KW, Kaufman L. Development and evaluation of an 
immunodiffusion test for diagnosis of systemic Zygomycosis 
(mucormycosis): Preliminary report. J Clin Microbiol 1978;7:97-101. 
doi: 10.1128/jcm.7.1.97-101.1978

39. Hsiao CR, Huang L, Bouchara JP, Barton R, Li HC, Chang TC. 
Identification of medically important molds by an oligonucleotide 
array. J Clin Microbiol 2005;43:3760-8. doi: 10.1128/JCM.43.8.3760-
3768.2005, PMID 16081907

40. Machouart M, Larche J, Burton K, Collomb J, Maurer P, Cintrat A, 
et al. Genetic identification of the main opportunistic Mucorales by 
PCR-restriction fragment length polymorphism. J Clin Microbiol 
2006;44:805-10.

41. Lackner M, Caramalho R, Lass-Flörl C. Laboratory diagnosis of 
mucormycosis: Current status and future perspectives. Future Microbiol 
2014;9:683-95. doi: 10.2217/fmb.14.23, PMID 24957094

42. Sipsas NV, Gamaletsou MN, Anastasopoulou A, Kontoyiannis DP. 
Therapy of mucormycosis. J Fungi (Basel) 2018;4:90. doi: 10.3390/
jof4030090, PMID 30065232

43. 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;41:634-53. 
doi: 10.1086/432579, PMID 16080086

44. Petrikkos G, Skiada A, Lortholary O, Roilides E, Walsh TJ, Kontoyiannis 
DP. Epidemiology and clinical manifestations of mucormycosis external. 
Clin Infect Dis 2012;54 Suppl 1:S23-34. doi: 10.1093/cid/cir866

45. Chegini Z, Didehdar M, Khoshbayan A, Rajaeih S, Salehi M, Shariati 
A. Epidemiology, clinical features, diagnosis and treatment of cerebral 
mucormycosis in diabetic patients: A systematic review of case reports 
and case series. Mycoses 2020;63:1264-82. doi: 10.1111/myc.13187, 
PMID 32965744

46. Malik VS, Ravindra K, Singh M. COVID-19 and increasing demand 
for medical oxygen: Can impurity be a problem? Environ Sci Pollut 
Res Int 2021;28:66519-21. doi: 10.1007/s11356-021-16385-x, 

PMID 34535859
47. Gomes MZ, Lewis RE, Kontoyiannis DP. Mucormycosis caused by 

unusual mucormycetes, non-Rhizopus, -Mucor, and -Lichtheimia 
species. Clin Microbiol Rev 2011;24:411-45. doi: 10.1128/
CMR.00056-10, PMID 21482731

48. Ribes JA, Vanover-Sams CL, Baker DJ. Zygomycetes in human disease. 
Clin Microbiol Rev 2000;13:236-301. doi: 10.1128/CMR.13.2.236, 
PMID 10756000

49. Andresen D, Donaldson A, Choo L, Knox A, Klaassen M, 
Ursic C, et al. Multifocal cutaneous mucormycosis complicating 
polymicrobial wound infections in a tsunami survivor from Sri Lanka. 
Lancet 2005;365:876-8. doi: 10.1016/S0140-6736(05)71046-1, 
PMID 15752532

50. Rao CY, Kurukularatne C, Garcia-Diaz JB, Kemmerly SA, Reed D, 
Fridkin SK, et al. Implications of detecting the mold Syncephalastrum 
in clinical specimens of New Orleans residents after hurricanes 
Katrina and Rita. J Occup Environ Med 2007;49:411-6. doi: 10.1097/
JOM.0b013e31803b94f9, PMID 17426524

51. Fanfair RN, Benedict K, Bos J, Bennett SD, Lo YC, Adebanjo T, 
et al. Necrotizing cutaneous mucormycosis after a Tornado in Joplin, 
Missouri, in 2011. N Engl J Med 2012;367:2214-25. doi: 10.1056/
NEJMoa1204781, PMID 23215557

52. Boelaert JR, Van Cutsem J, De Locht M, Schneider YJ, Crichton 
RR. Deferoxamine augments growth and pathogenicity of Rhizopus, 
while hydroxypyridinone chelators have no effect. Kidney Int 
1994;45:667-71. doi: 10.1038/ki.1994.89, PMID 8196268

53. De Locht M, Boelaert JR, Schneider YJ. Iron uptake from 
ferrioxamine and from ferrirhizoferrin by germinating spores of 
Rhizopus microsporus. Biochem Pharmacol 1994;47:1843-50. doi: 
10.1016/0006-2952(94)90314-x, PMID 8204101

54. Boelaert JR, Fenves AZ, Coburn JW. Deferoxamine therapy and 
mucormycosis in dialysis patients: Report of an international 
registry. Am J Kidney Dis 1991;18:660-7. doi: 10.1016/s0272-
6386(12)80606-8, PMID 1962650

55. Maertens J, Demuynck H, Verbeken EK, Zachée P, Verhoef GE, 
Vandenberghe P, et al. Mucormycosis in allogeneic bone marrow 
transplant recipients: Report of five cases and review of the role of iron 
overload in the pathogenesis. Bone Marrow Transplant 1999;24:307-12. 
doi: 10.1038/sj.bmt.1701885, PMID 10455371

56. Lelievre L, Garcia-Hermoso D, Abdoul H, Hivelin M, Chouaki T, 
Toubas D, et al. Posttraumatic mucormycosis: A nationwide study in 
France and review of the literature. Medicine (Baltimore) 2014;93:395-
404. doi: 10.1097/MD.0000000000000221, PMID 25500709

57. Davoudi S, Kumar VA, Jiang Y, Kupferman M, Kontoyiannis DP. 
Invasive mould sinusitis in patients with haematological malignancies: 
A 10 year single-centre study. J Antimicrob Chemother 2015;70:2899-
905. doi: 10.1093/jac/dkv198, PMID 26188039

58. Farmakiotis D, Kontoyiannis DP. Mucormycoses. Infect Dis Clin N Am 
2016;30:143-63. doi: 10.1016/j.idc.2015.10.011, PMID 26897065

59. Spellberg B, Fu Y, Edwards JE Jr., Ibrahim AS. Combination 
therapy with Amphotericin B Lipid Complex and caspofungin 
acetate of disseminated Zygomycosis in diabetic ketoacidotic 
mice. Antimicrob Agents Chemother 2005;49:830-2. doi: 10.1128/
AAC.49.2.830-832.2005, PMID 15673781

60. Ibrahim AS, Gebremariam T, Fu Y, Edwards JE Jr., Spellberg B. 
Combination echinocandin-polyene treatment of murine mucormycosis. 
Antimicrob Agents Chemother 2008;52:1556-8. doi: 10.1128/
AAC.01458-07, PMID 18212099

61. Legrand M, Gits-Muselli M, Boutin L, Garcia-Hermoso D, Maurel V, 
Soussi S, et al. Detection of circulating Mucorales DNA in critically 
ill burn patients: Preliminary report of a screening strategy for early 
diagnosis and treatment. Clin Infect Dis 2016;63:1312-7. doi: 10.1093/
cid/ciw563, PMID 27535951

62. Rodriguez MM, Serena C, Marine M, Pastor FJ, Guarro J. Posaconazole 
combined with amphotericin B, an effective therapy for a murine-
disseminated infection caused by Rhizopus oryzae. Antimicrob Agents 
Chemother 2008;52:3786-8. 

63. Davoudi S, Graviss LS, Kontoyiannis DP. Healthcare-associated 
outbreaks due to Mucorales and other uncommon fungi. Eur J Clin 
Invest 2015;45:767-73.

64. Astellas Pharma US. Prescribing Information for Isavuconazonium 
Sulfate. Available from: https://www.astellas.us/docs/cresemba.pdf 
[Last accessed on 2018 Jul 01].

65. Rodríguez MM, Serena C, Mariné M, Pastor FJ, Guarro J. Posaconazole 
combined with amphotericin B, an effective therapy for a murine-
disseminated infection caused by Rhizopus oryzae. Antimicrob 
Agents Chemother 2008;52:3786-8. doi: 10.1128/AAC.00628-08, 



29

Asian J Pharm Clin Res, Vol 16, Issue 8, 2023, 24-29
 Banjare et al.

PMID 18694953
66. Ibrahim AS, Gebremariam T, Schwartz JA, Edwards JE Jr., 

Spellberg B. Posaconazole mono-or combination therapy for the 
treatment of murine Zygomycosis. Antimicrob Agents Chemother 
2009;53:772-5. doi: 10.1128/AAC.01124-08, PMID 18936190

67. Abzug MJ, Walsh TJ. Interferon-γ and colony-stimulating factors as 
adjuvant therapy for refractory fungal infections in children. Pediatr 
Infect Dis J 2004;23:769-73. doi: 10.1097/01.inf.0000134314.65398.
bf, PMID 15295229

68. Gonzalez CE, Couriel DR, Walsh TJ. Disseminated zygomycosis in a 
neutropenic patient: Successful treatment with amphotericin B Lipid 
complex and granulocyte colony-stimulating factor. Clin Infect Dis 
1997;24:192-6. doi: 10.1093/clinids/24.2.192, PMID 9114146

69. Kullberg BJ, Anaissie EJ. Cytokines as therapy for opportunistic 
fungal infections. Res Immunol 1998;149:478-88; discussion 515. doi: 
10.1016/s0923-2494(98)80771-2, PMID 9720965

70. Ma B, Seymour JF, Januszewicz H, Slavin MA. Cure of pulmonary 
Rhizomucor pusillus infection in a patient with hairy-cell leukemia: 
Role of liposomal amphotericin B and GM-CSF. Leuk Lymphoma 
2001;42:1393-9. doi: 10.3109/10428190109097768, PMID 11911424

71. Ibrahim AS, Liu M. Teklegiorgis Ghebremariam. In: Fu Y, Edwards 
JE, Filler S, editors. Use of Coth for Immunotherapy and Diagnosis of 
Mucormycosis. US20190194301A1. US: 2019.

72. Luppi M, Barozzi P, Potenza L, Vallerini D, Forghieri F. Procedure for 

diagnosing and monitoring mucormycosis. Europe. EP2646829A1, 
2013.

73. Ibrahim AS, Spielberg BJ, Edwards JE. Treatment method for 
mucormycosis and other epiphyte diseases, CN101511360A, China, 
2009.

74. Ibrahim AS, Spielberg BJ, Edwards JE. Composition of vaccine for 
mucormycosis. CN102639557A, China, 2012.

75. Ibrahim AS, Spellberg BJ, Edwards JE. Use of the Combination of Iron 
Chelator and Antifungal Agent for the Treatment of Mucormycosis. 
New Zealand; 2012. p. NZ574862A.

76. Chibana H, Chika H, Chibana H. Mucormycosis treatment agent. 
JP2021134176A, Japan, 2021.

77. Bruno V, Watkins TN, Ibrahim A. Approach for Prevention and 
Treatment of Mucormycosis. US20210284742A1. United State: 
Centers for Disease Control and Prevention; 2021.

78. Dongxiu S, Jingjia C. Method of preparation of feed for treating 
mucormycosis of Cyclemys trifasciata. CN104872438A, China; 2015.

79. Kakeya H, Kaneko Y, Miyazaki Y, Yamagoe S. Tools and methods for 
diagnosing/testing mucormycosis, JP6742611B2, Japan; 2020.

80. Spellberg BJ, Edwards JE, Ibrahim AS. Compositions and methods 
for the treatment of mucormycosis and other fungal diseases. 
BRPI0714221A2, Brazil; 2013.


