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ABSTRACT 

Mucormycosis, also known as the black fungus, 

made severe chaos in India during the second wave 

of the COVID-19 epidemic by its sudden and 

catastropic surge with high mortality rate.A rare 

type of opportunistic and aggressive 

fungalpathogen called mucormycetes causes this 

serious life threatening infection in patients with 

compromised immune system. The predisposing 

factors are increase in the number of poorly 

managed Diabetes Mellitus (DM), organ 

transplantations, patients with malignancy and 

frequency of natural disasters and trauma. In India, 

there has been reports of increase in cases of rhino-

orbital mucormycosis in people with coronavirus 

disease 2019 (COVID-19). The exact cause of its 

sharp rise suddenly and specifically during the 

second wave remains debatable. DM is an 

independent risk factor for both severe COVID-19 

and mucormycosis.However, an early detection of 

mucormycosis is essential since it enhances the 

likelihood of the condition to get better. An 

immediate antifungal therapy, surgical debridement 

where necessary, and the reversal of underlying 

risk factors can be used to treat mucormycosis 

effectively. 

KEY WORDS:Mucormycosis, COVID-19, CAM, 

Diabetes mellitus, Rhizopus 

 

I. INTRODUCTION 
Mucormycosis also known as the black 

fungus (Ong et al. 2021) is a fatal, rapidly 

progressing fungal infection that usually affects 

patients with altered immunity. It is found to be an 

opportunistic infection as these moulds are usually 

omnipresent in the hot and humid areas of the 

tropics. Most of them are non-pathogenic, but some 

of them belonging to class Zygomycetes like 

Rhizopus oryzae are known for causing life-

threatening infections.In the year 1885, 

zygomycosis or phycomycosis was first described 

by Paltauf (Paltauf, 1885) and later coined as 

„Mucormycosis‟ in 1957 by Baker (Baker, 1957) 

an American pathologist for a violent infection 

caused by Rhizopus, under order Mucorales and 

sub phylum Mucoromycotina. It is considered as 

the third most common invasive mycosis that 

occurs predominantly due to inhalation of the 

released sporangiospores and occasionally by 

inoculation of wounds or by ingestion of 

contaminated food(Petrikkos et al. 2012). 

The most common etiological agents 

associated with mucormycosis are 

Rhizopusspp.,Mucorspp.,Lichtheimiaspp. and few 

rarely tagged genera of other Mucorales, such as 

Rhizomucor, Saksenaea, Cunninghamella and 

Apophysomyces(Petrikkoset al. 2012). In 

India,Rhizopus is the most common species along 

with few emerging species likeApophysomyces 

elegans, A. variabilis, Rhizopus homothallicus, 

Thamnostylum lucknowense and Mucor 

irregularis(Chakrabarti et al.2010, Hemashettar et 

al.2011 and Xesset al. 2012). On the other 

hand,Rhizopus spp. (34%), Mucor spp. (19%), and 

Lichtheimia spp. (19%) are predominant species in 

European countries (Skiadaet al. 2011 and 

Chakrabarti et al.2014). While most of those 

serious fungal infections are caused by the Genus 

Candida and Aspergillus, where but Zygomycetes 

has now emerged as the third most important 

pathogen among the immunocompromised patients 

(Chakrabarti et al. 2009; Roden et al. 2005; Perfect 

et al. 1996 and Ponton et al. 2000). However, in 

spite of the geographical variation Rhizopus 

arrhizus is considered to be the predominant 

causative agent worldwide (Skiada et al. 2011). 

 

EPIDEMIOLOGY: 

Health-care-associated mucormycosis has 

become more common in recent years (Rammaert 

et al. 2012). A wide range of microbial co-

infections may exist with comorbidities like 
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Diabetes mellitus, pulmonary disease, heart 

disease, renal disease, etc.The time course for 

mucomycosis is less than four weeks, but most of 

the mucormycosis cases either have been missed or 

under reported. A recent study had reported that the 

frequency of occurrence of mucormycosis was 

found to be doubled in France within a period over 

10 years (1997-2006) (Bitar et al. 2009). However, 

existence of different epidemiologies has been 

noticed when compared between developed and 

developing countries. There has been a noted 

difference in the prevalence of risk variables 

disease and mucormycosis causative agents 

between Western and Asian countries (Jeong et al. 

2019).  Also, the incidence of mucormycosis is 

increasing due to increase in the number of organ 

transplantations, patients with malignancy, patients 

with DM, and frequency of natural disasters and 

trauma (Baldin et al. 2017). 

Although the disease incidence is rising 

globally, however higher incidence rate has been 

observed in India as well as in China in patients 

with diabetes mellitus. According to a study 

conducted in a tertiary health centre in North India 

between 2000 and 2014, rhino-orbito-cerebral 

mucormycosis was the most prevalent form of 

mucormycosis is rhino-orbito-cerebral 

mucormycosis (44–49%), followed by cutaneous 

(10– 16%), pulmonary (10–11%), disseminated (6–

11.6%), and gastrointestinal (2–11%) 

mucormycosis (Singh et al. 2021). It has been 

reported that children with kwashiorkor (protein-

calorie malnutrition) specially develops 

gastrointestinal mucormycosis along with non-

specific symptom like intra-abdominal abscess. 

However the disease showing such symptoms is 

rarely found in United States. Persons with 

hematological malignancies are prone to highest 

incidence in acute myelogenous leukemia, the 

incidence rate is found to be 2-8% (Petrikkos et al. 

2012). The disease is thought to strike predisposed 

people, with different clinical manifestations 

associated with different underlying conditions, 

such as rhino-orbito-cerebral type in Diabetic 

Ketoacidosis (DKA), pulmonary and disseminated 

infection in patients with haematological 

malignancies and bone marrow transplantation, and 

gastrointestinal in patients with malnutrition and 

cutaneous lesions following trauma. (Singh et al. 

2021).In Asia, DM is the most common risk factor, 

whereas in Europe and the United States, 

hematological malignancies and organ transplants 

seem to be the most common risk 

factors(Chakrabarti et al. 2006 and Skiada et 

al.2011).In developing country like India with 

diabetes and trauma being the predisposing factors, 

number of cases are 14 per100000 population and 

on the other hand thecases with hematological 

malignancies and organ transplant have prevalence 

of 0.01 to 0.2 per 100000 population in Europe and 

the United States of America (Ruhnke et al.  2015, 

Rees et al.  1998 and Chakrabarti et al. 2014).  

In addition, since the inception of 

COVID-19 in late 2019s, has led to the devastation 

of the human health worldwide and at the same 

time, the rise of fatal fungal infection of 

mucormycosis, has put the lives of COVID-19 

patients further at high risk (Revannavar et al. 2021 

and Werthman-Ehrenreich, 2021).WHO declared 

the outbreak of COVID-19 as a global pandemic on 

March 11, 2020 which is caused by the Severe 

Acute Respiratory Syndrome Coronavirus 2 or 

SARS-CoV-2 (Cucinotta and Vanelli,2020, Ghazi 

et al. 2021). COVID-19 is potentially linked to a 

high rate of secondary bacterial and fungal 

infections, due to immune dysregulation. 

Furthermore, as part of the COVID-19 

armamentarium, uncontrolled application of broad-

spectrum antibiotics, steroids and monoclonal 

antibodies, can lead to fungal diseases or worsen 

pre-existing fungal diseases (Ghazi et al. 2021). 

Furthermore, the treatment regimen for COVID-19 

and other diseases include prolonged use of 

immunosuppressants, which may interplay with the 

other factors and cause Covid-19 Associated 

Mucormycosis(CAM). Thereby,mucormycosis 

andCOVID-19 leading to comorbid conditions has 

caused worsening of the of infection and mortality 

rates. 

According to surveys, patients infected 

with COVID-19 are also susceptible to other 

different fungal diseases like Aspergillosis and 

Candida, which are common in 

immunocompromised patients (Kubin et al. 2021). 

Although the cases of mucormycosis are more in 

India, COVID-19 Associated Pulmonary 

Aspergillosis (CAPA) has received enough 

attention internationally. Unlike CAM, CAPA is 

mostly seen only in severely affected COVID-19 

patients. The focal reason that appears to be 

facilitating mucorales spores germination in 

COVID-19 patients is due to low oxygen 

(hypoxia), high glucose which occurs due to 

irrational use of steroid in treatment of COVID-19 

and thus results in blood sugar spike in patients by 

interfering with pancreatic function diabetes, new 

onset of hyperglycemia, steroid-induced 

hyperglycemia. The acidic medium due to 

metabolic acidosis andDKA, high iron levels 

(increased ferritins) and decreased phagocytic 
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activity of white blood cells (WBC) due to 

immunosuppression in patients with Covid (SARS-

CoV-2 mediated, steroid-mediated or background 

comorbidities) coupled with several other shared 

risk factors including prolonged hospitalization 

with or without mechanical ventilators. Also,due to 

progressive viral pneumonia maximum alveoli in 

the lungs as well as the endothelial tissues are 

damaged that serves as niche for the invasive 

fungal infection spontaneously to set in not only for 

aspergillosis and mucormycosis (Vanderbeke et al. 

2018 and Ajmal et al.  2018) but also invasive 

fusariosis or invasive candidiasis (Alanio et al.  

2020 and Poignon et al.  2020).  

 

RISK FACTORS:  
Several host related factors associated as 

predisposing condition such as neutropenia, 

ketoacidosis, solid organ transplant (SOT), chronic 

respiratory diseases, corticosteroid therapy, 

hyperglycemia and iron overload etc. enable them 

to aggravate the rapid spread of infection. 

(Hamiloset al.2011 and Petrikkoset al.2018). Apart 

from these host related factors, hospital related 

factors such ascontaminated air filters and several 

medical devices like tongue depressors, wound 

dressings, transdermal nitrate patches, allopurinol 

pills as well as intravenous catheters also contribute 

to this infection (Petrikkoset al. 2003). 

One of the major factors favoring 

infection with CAM is diabetes. Patients with DKA 

are more likely to develop rhino-cerebral 

mucormycosisespecially in the setting where health 

care access is limited (Greenberget al.2004 and 

Gonzalezet al.2002).All type-I, type-II and 

secondary DM are found to be predisposing factors 

whereas rare involvement of metabolically 

controlled diabetes has been reported (Bhansaliet 

al.2004). However,type-II diabetes has been 

implicated as the main cause up to 44–88% cases 

and nearly half of the cases were diagnosed with 

ketoacidosis (Chakrabarti et al. 2006,Chakrabarti et 

al. 2009 and Nithyanandam et al. 2003). Although 

36%-88% cases are reported so far but incidence is 

found to be decreased due to use of statin drug 

against metabolic syndromes in many western 

countries (Chamilos et al.2006 and Reedet al. 

2008). Mishra et al. 2021 reported in a study 

conducted in India that 87.5% of the CAM patients 

had DM as most common co-morbidity.In healthy 

individuals, transferrin, ferritin, and lactoferrin are 

blood plasma protein usually bound to iron that 

makes these iron molecules unavailable for mould 

growth. However, ironacquisition is crux for the 

growth of most species of pathogenic 

zygmocetes.In patients with DKA, iron is released 

from transfer proteins into the serum due to the low 

pH of blood. The serum of normal healthy 

individual inhibits growth of mucorale but due to 

acidosis condition under low pH transferrin cannot 

bind the metal ions and thereby allowing the 

Rhizopus spp. to utilize for their growth (Artiset 

al.1982). Also, in diabetic patients, defensive 

function of alveolar macrophages is found to be 

impaired which otherwise inhibit the Rhizopus 

spores from geminating in normal healthy 

individuals(Waldorf et al.1984). Even impaired 

neutrophil in diabetics also contribute to 

mucormycosis that leads to defective intracellular 

killing of microorganisms by both oxidative as well 

as non-oxidative mechanisms(Mowat et al. 1971).   

Patients with either neutropenia or bone 

marrow transplantation are also at greater risk of 

suffering from pulmonary mucomycosis. Data says 

almost 7.2%-8% stem cell transplant recipient and 

2% solid organ transplant recipients are under risk 

of mucormycosis infection (Neofytoset al.  2009 

and Kontoyiannis et al. 2010).Few study reports 

say that patients with solid tumors rarely develop 

the infection but can be seen in other hematological 

conditions associated diseases such as  aplastic 

anemia and sideroblastic anemia, multiple 

myeloma, myelodysplastic syndrome 

etc(Kontoyiannis et al. 2000 and Mileshkin et al. 

2001). On the other hand according to few studies, 

it has been stated that if the patients are treated 

with high dose of steroids or antithymosite 

globulins due to acute rejection during solid organ 

transplantation even such patients are also at risk of 

suffering from mucormycosis (Jimenez et al. 2002 

and Nampoory et al. 1996). 

In case of immunocompromised 

individuals, mucormycosis has occupied 3
rd

 

position as common opportunistic pulmonary 

mycosis (Fanta et al. 1981). In general the Human 

deficiency viruses are not appeared to cause 

mucormycosis infection since the neutrophils are 

still functional and contribute to defense against 

mucorales. But it can occur when the patients are 

treated with intravenous drugs and may develop 

cerebral mucormycosis (Van den Saffele et al. 

1996, Hejny et al. 2001 and Hopkins et al. 1994). 

Patients with deferoxamine therapy can 

make the iron molecules available for the 

organisms by chelating these molecules as these are 

required for the growth of moulds. Hence, patients 

receiving hemodialysis are at higher risk of 

suffering from disseminated mucormycosis since 

they receive deferoxamine therapy at the same 

time(Van Cutsem et al. 1989 and Boelaert et al. 
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1988). Moreover, the half-life of deferoxamine 

therapy is also long. According to a report byDaly 

et al. 1989 it was found that more than one half 

patients usually suffered from disseminated 

mucormycosis and one quarter patients suffered 

from rhino cerebral disease. But now a days by 

using alternative option like therapeutic 

erythropoietin has decreased the risk of 

mucormycosis involvement as well as frequency of 

blood transfusion. Severe iron overload is also seen 

in patients who receive bone marrow 

transplant.Several complications like paranasal 

sinus mucormycosis have been reported during and 

post COVID infection which is a recent globally 

concerned issue. 

 

TIMELINE OF OCCURANCE: 

Even before the spread of Covid-19, 

mucormycosis cases were much more prevalent in 

India than in other countries, owing to the high 

number of diabetic patients who do not have 

regular health check-ups(Mishra et al. 2021). 

During the second wave, the number of 

mucormycosis cases reached an'epidemic within a 

pandemic' level, as described by some experts(Ong 

et al. 2021).In the second wave, CAM was initially 

described in a 15-year-old kid who received 

effective treatment for Covid-19 after which 

multiple states, including Gujarat, Maharashtra, 

Rajasthan, Karnataka, Andhra Pradesh, Haryana, 

and Telangana, have recorded a high number of 

cases throughout time.From May 5-July 12, 2021, 

41,512 cases and 3,554 deaths were attributed to 

this rare, and life-threatening fungal infection. The 

majority of those cases occurred during active 

SARS-CoV-2 outbreaks in India, prompting the 

Central Government of India to declare a 

mucormycosis epidemic on May 10, 2021(Hagen, 

2021).A multi-center retrospective study conducted 

in India from November to December 2020 

revealed that the prevalence of mucormycosis in 

Covid-19 patients was 65.2 %, which was 

associated with DM and incorrect glucocorticoid 

administration (Patel et al. 2021). 

 

DIAGNOSIS: 

Early diagnosis of mucormycosis is 

crucial since it increases the likelihood that the 

condition will improve.Therefore, it is important to 

develop laboratory techniques to meet the needs for 

an accurate diagnosis.The two main methods for 

identifying mucormycosis are direct microscopy of 

culture using optical brighteners like Blankophor 

and Calcofluor as well as histopathology of various 

clinical specimens using hematoxylin and eosin 

sections, periodic acid-Schiff staining and Grocott-

methenamine Gomori's silver staining.(Frater et al. 

2001; Lass-Florl et al. 2007 and Skiada et al. 

2018). Presence of white in clinical specimens 

allows a rapid presumptive diagnosis of 

mucormycosis (Lass-Florl et al. 2007and Lass-

Florl, 2009). The hyphae of mucorales have a 

varied width (6 to 25 m), are nonseptate or pauci-

septate, and exhibit an erratic, ribbon-like 

appearance. (Monheit et al. 1984). The angle of 

branching varies and includes wide-angle (90°) 

bifurcation (Skiada et al. 2018). Inflammation may 

be neutrophilic or granulomatous, and is dominated 

over tissue histopathology, however, inflammation 

seems to be absent in a few cases like 

immunosuppressed patients (Spellburg et al. 

2005a).  

Serological assays such as immunoblots, 

immunodiffusion tests and enzyme-linked 

immunosorbent assays have been studied with 

varying degrees of success. (Sandven et al. 1992; 

Wysong et al. 1987 and Jones et al. 

1978).However, ongoing research in molecular 

diagnostic tools which includes molecular based 

assays like conventional polymerase chain reaction 

(PCR), restriction fragment length polymorphism 

analyses (RFLP), DNA sequencing of defined gene 

regions, and melt curve analysis of PCR products 

are found to be promising for more-rapid diagnosis 

(Nagao et al. 2005; Larche et al. 2005; Machouartet 

al. 2006; Nyilasi et al. 2008; Springer et al. 2016 

and Kasai et al. 2008).The majority of the 

molecular assays target either the internal 

transcribed spacer or the 18S rRNA genes (Alvarez 

et al. 2009 and Lackner et al. 2014).Recently, 2 

real-time quantitative polymerase chain reaction 

assays targetting the 28S rRNA gene of Rhizopus, 

Mucor, and Cunninghamella species could 

successfully detect circulating DNA in rabbits with 

experimental pulmonary mucormycosis (Kasai et 

al. 2008). 

Also, refinement of radiographic 

techniques for distinguishing mucormycosis from 

other diseases is an important area of future studies. 

Techniques like computed tomography is useful for 

early detection and differentiation of pulmonary 

mucormycosis from other fungal diseases like 

Aspergillosis, particularly in cancer patients on the 

basis of sinusitis, presence of multiple (≥10) nodule 

and pleural effusion (Chamilos et al. 2005). On the 

other hand, magnetic resonance imaging is more 

sensitive in comparision to computed tomography 

for detection of mucormycosis in cases of orbital 

and central nervous system involvement (Reed et 

al. 2008). 
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TREATMENT STRATEGIES: 

After an early diagnosis, a treatment plan 

for mucormycosis may be initiated, followed by the 

reversal of underlying risk factors, surgical 

debridement where necessary, and an efficient 

antifungal therapy (Spellberg et al. 2005b). 

Immunosuppressive medications like 

corticosteroids, should be discouraged or 

administered at low dosages if unavoidable. In 

conditions like diabetes and ketoacidosis, 

aggressive treatment to rapidly restore euglycemia 

and normal acid-base status is very critical 

(Spellberg et al. 2009). 

Surgical management was found to be an 

independent variable in regard to favorable 

outcome among patients with mucormycosis in a 

logistic regression model (Roden et al. 2005). 

However, surgery when needed and possible must 

be very aggressive with removal of necrotic tissues 

along with surrounding infected healthy-looking 

tissues, as the speed of the extension of the 

infection by the Mucorales hyphae is 

enormous(Skiada et al.2018). Debridement of 

necrotic tissues is essential for the complete 

eradication of mucormycosis because they prevent 

antifungal medicines from reaching the infection 

site.Certain treatment strategies against 

mucormycosis based on preclinical trial can have 

the potential to improve outcomes of 

mucormycosis by use of anti-fungal agents like 

polyenes, azoles and certain combination drug 

therapies like echinocandins, iron chelation 

therapy, posaconazole combination therapy and 

other adjunctive therapies (Spellberg et al. 

2009).The response treatment to antifungal agents 

is generally dependent on the host system and site 

of occurrence of the disease and therefore may be 

problematic in patients with hematological 

disorders and recipients of Haematopoietic Stem 

Cell Therapy (Roden et al. 2005). 

For antifungal treatment of mucormycosis, 

Amphotericin B deoxycholate (AmB) has been 

found to be the only licensed drug, however 

Liposomal AmB (LAmB) are found to be more 

effective with 71% success rate when used as 

salvage therapy for mucormycosis (Spellberg et al. 

2009 and  Walsh et al. 1998) and can be safely 

administered at higher doses for a longer period of 

time than AmB (Roden et al. 2005, Walsh et al. 

1999). The 2016 recommendations from the 

European Conference on Infections in Leukemia 

(ECIL-6), as well as the ESCMID/ECMM 

guidelines, advocate the use of a lipid formulation 

of amphotericin B as first-line therapy for 

mucormycosis (Cornely et al. 2014 and Tissot et al. 

2017). 

Besides, the activity of anti-fungal drugs 

belonging to azole group like itraconazole is 

primarily restricted to Absidia species while 

fluconazole and voriconazole are not much reliable 

against the agents of mucormycosis (Trifilio et al. 

2007 and Vigouroux et al. 2005). In contrast, in 

vitro experiments, posaconazole possesses 

enhanced activity against the Mucorales, with 

reported 90% minimum inhibitory concentrations 

(MIC90) of 1 to ≥ 4 μg/mL (Almyroudis et al.2007; 

Arikan et al. 2008 and Lass-Florl et al. 2008). 

Isavuconazole is a recently developed triazole, with 

a wide spectrum of antifungal activity including 

Mucorales(Rybak et al. 2015). 

Nevertheless, posaconazole monotherapy 

cannot be approved as primary treatment of 

mucormycosis based on the available animal data 

and the absence of clinical data. In contrast, 

available clinical data from open-label salvage 

studies propose that posaconazole is practicable 

alternative for patients with mucormycosis who are 

intolerant to polyenes (van Burik et al. 2006 and 

Greenberg et al. 2006).Rhizopus oryzae belonging 

to family Mucoraceae expresses the target enzyme 

for echinocandins (Ibrahim et al. 2005) and in 

experimental conditions of DKA, mice infected 

with R. oryzae infection, treatment with 

combination of caspofungin plus Amphotericin 

BLipid Complex (ABLC) therapy markedly 

improved survival,compared with monotherapy 

(Spellberg et al. 2005a). Combination therapy of 

micafungin or anidulafungin with LAmB also 

improved the condition in neutropenic and DKA 

mice with disseminated mucormycosis (Spellburg 

et al. 2009). Immune stimulation resulted due to 

enhanced exposure of β-glucan on the surface of 

fungus, may be one of the mechanisms by which 

echinocandins enhances improvement of outcomes 

in mucormycosis (Lamaris et al. 2008).In a 

retrospective study, patients of rhino-orbital-

cerebral mucormycosis along with diabetes, 

combination LFAB-caspofungin therapy was 

associated with significantly improved outcomes 

compared with polyene monotherapy (Reed et al. 

2008). 

Moreover, deferoxamine actually 

enhances delivery of iron to Mucorales, therefore, 

chelation therapy of deferoxamine iron predisposes 

to mucormycosis. As reported, animals infected 

with R. oryzae that are treated with iron or 

deferoxamine have markedly worse survival than 

do animalstreated with placebo. However, no other 

iron chelators can be used by Mucorales toacquire 
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iron (Boelaert et al. 1993; Boelaert et al. 1994, 

Ibrahim et al. 2006 and de Locht et al. 1994). 

However, in 2005, a new orally available 

iron chelator, deferasirox, was approvedby the US 

Food and Drug Administration for the treatment of 

iron overload among patientswith transfusion-

dependent anemia (Cappellini, 2005). Deferasirox 

was fungicidal for clinical isolates ofMucorales in 

vitro, with an MIC90 of 6.25 μg/mL (Ibrahim et al. 

2007). However, use of this drug can cause nausea 

and other side effects but they were usually mild 

and reversible upon cessation of drug use but there 

have been also rare postmarketing reports of severe 

acute renal failure resulting in hemodialysis or 

death in iron-overloaded patients receiving 

deferasirox (Spellburg et al. 2009). 

Proinflammatory cytokines like 

interferon-γ and granulocyte macrophage colony 

Stimulating factor, enhance the ability of 

granulocytes to cause damage to the agents of 

mucormycosis (Gil-Lamaignere et al. 2005). 

Treatment with adjunctive immune therapy with 

recombinant granulocyte colony-stimulating factor 

and granulocyte macrophage colony-stimulating 

factor, or with recombinant interferon-γ, in 

conjunction with LFAB have described survival of 

patients with mucormycosis in certain case reports 

(Abzug et al. 2004; Ma et al.  2001 and 

Mastroianni et al. 2004). 

 

II. CONCLUSIONS: 
Mucormycosis is an emerging fungal 

infection and highly prevalent in 

immunocompromised patients, and the mortality 

with standard therapy remains unacceptably 

elevated. In the Indian context, the triad of diabetes 

(high genetic prevalence), unrestricted 

corticosteroid usage (increases blood glucose and 

fungal infection), and the ongoing COVID-19 

appears to be the cause of the rise in mucormycosis 

(endothelia damage, lymphopenia, cytokine storm). 

Excessive usage of antibiotics (like azithromycin) 

and antifungal medications (like amphotericin B) 

during the Covid-19 pandemic may result in the 

emergence of resistance to these medications in the 

future (Sulis et al. 2021 and Pelfrene et al. 2021). 

Therefore, in order to prevent the emergence of 

such resistance, mucormycosis treatment should be 

regularly monitored. 

 

REFERENCE: 
[1]. Abzug, M-J; and Walsh, T-J., 2004, 

“Interferon-gamma and colony-

stimulating factors as adjuvant therapy for 

refractory fungal infections in children,” 

The Pediatric infectious disease journal, 

23(8): 769–773.  

[2]. Ajmal, S; Mahmood, M; Abu Saleh, O; 

Larson, J; Sohail, M-R., 2018, “Invasive 

fungal infections associated with prior 

respiratory viral infections in 

immunocompromised hosts. Infection, 

46(4):555- 558. 

[3]. Alanio, A; Delliere, S; Fodil, S; Bretagne, 

S; Megarbane, B., 2020, “Prevalence of 

putative invasive pulmonary aspergillosis 

in critically ill patients with COVID- 19,” 

Lancet Respir Med, 8(6):e48–e 49. 

[4]. Alvarez, E; Sutton, D-A; Cano, J., et al. 

2009, “Spectrum of zygomycete species 

identified in clinically significant 

specimens in the United States,” J Clin 

Microbiol., 47: 1650–1656. 

[5]. Arikan, S; Sancak, B; Alp, S; Hascelik, G; 

McNicholas, P., 2008, “Comparative in 

vitro activities of posaconazole, 

voriconazole, itraconazole, and 

amphotericin B against Aspergillus and 

Rhizopus, and synergy testing for 

Rhizopus,” Med Mycol, 46:567–73. 

[PubMed: 19180726] 

[6]. Artis, W-M; Fountain, J-A; Delcher, H-K; 

Jones, H-E., 1982, “A mechanism of 

susceptibility to mucormycosis in diabetic 

ketoacidosis: transferrin and iron 

availability,” Diabetes, 31: 1109–14. 

[7]. Baker, R-D., 1957, “Mucormycosis-a new 

disease?” J. Am. Med. Assoc.,163:805e8. 

[8]. Baldin, C; Ibrahim, A-S., 2017, 

“Molecular mechanisms of 

mucormycosis-The bitter and the sweet,” 

PLoS pathog.;13(8):e1006408.  

[9]. Bhansali, A; Bhadada, S; Sharma, A., et 

al. 2004, “Presentation and outcome of 

rhino-orbital-cerebral mucormycosis in 

patients with diabetes,” Postgrad. Med. J., 

80:670–4. 

[10]. Bitar, D; Van Cauteren, D; Lanternier, F., 

et al. 2009, “Increasing incidence of 

zygomycosis (mucormycosis), France, 

1997–2006,” Emerg Infect Dis, 15:1395–

1401. 

[11]. Boelaert, J-R; de Locht M; Van Cutsem J., 

et al. 1993, “Mucormycosis during 

deferoxamine therapy is a siderophore-

mediated infection: in vitro and in vivo 

animal studies,” J Clin Invest, 91:1979–

1986. [PubMed: 8486769] 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 7, Issue 4 July-Aug 2022, pp:1859-1869 www.ijprajournal.com   ISSN: 2456-4494 
 

 

 

 

DOI: 10.35629/7781-070418591869 | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 1865 

[12]. Boelaert, J-R; Roost G-F-V; Vergauwe, P-

L; Verbanck. J-J; Vroey, C-D; Segaert, M-

F., 1988, “The role of desferrioxamine in 

dialysis-associated mucormycosis: report 

of three cases and review of the 

literature,” Clin Nephrol, 29:261-6. 

[13]. Boelaert, J-R; Van Cutsem, J; de Locht, 

M; Schneider, Y-J; and Crichton, R-R., 

1994, “Deferoxamine augments growth 

and pathogenicity of Rhizopus, while 

hydroxypyridinone chelators have no 

effect,” Kidney international,45(3): 667–

671. 

[14]. Cappellini, M-D., 2005, “Iron-chelating 

therapy with the new oral agent ICL670 

(Exjade),” Best Pract Res Clin Haematol, 

18:289–298. [PubMed: 15737891] 

[15]. Chakrabarti, A; Chatterjee, S-S; Das, A., 

et al. 2009, “Invasive zygomycosis in 

India: experience in a tertiary care 

hospital,” Postgrad. Med. J.,85: 573–581 

(1009). 

[16]. Chakrabarti, A; Das, A; Mandal, J; 

Shivaprakash, M-R; George, V-K; Tarai 

B., 2006, “The rising trend of invasive 

zygomycosis in patients with uncontrolled 

diabetes mellitus,” Med. Mycol, 44:335–

342. 

[17]. Chakrabarti, A; Marak, R-S; 

Shivaprakash, M-R., et al. 2010, “Cavitary 

pulmonary zygomycosis caused by 

Rhizopus homothallicus,” J Clin 

Microbiol., 48:1965–1969. 

[18]. Chakrabarti, A; Singh, R., 2014, 

“Mucormycosis in India: unique features,” 

Mycoses, 57: 85–90. 

[19]. Chamilos, G; Lewis, R-E; Kontoyiannis, 

D-P., 2006, “Lovastatin has significant 

activity against zygomycetes and interacts 

synergistically with voriconazole,” 

Antimicrob Agents Chemother, 50:96–

103. 

[20]. Chamilos, G; Marom, E-M; Lewis, R-E; 

Lionakis, M-S; and Kontoyiannis, D-P., 

2005, “Predictors of pulmonary 

zygomycosis versus invasive pulmonary 

aspergillosis in patients with cancer,” 

Clinical infectious diseases: an official 

publication of the Infectious Diseases 

Society of America, 41(1): 60–66. 

[PubMed: 15937764]  

[21]. Cornely, O-A; Arikan-Akdagli, S; 

Dannaoui, E., et al. 2014, “ESCMID and 

ECMM joint clinical guidelines for the 

diagnosis and management of 

mucormycosis,” Clin Microbiol Infect., 

20: 5–26. 

[22]. Cucinotta, D; Vanelli, M., 2020, “WHO 

declares COVID-19 a pandemic,” Acta 

Biomed, 91: 157–160.  

[23]. Daly, A-L; Velazquez, L-A; Bradley, S-F; 

Kauffman, C-A., 1989, “Mucormycosis: 

association with deferoxamine therapy,” 

Am J Med, 87: 468–71. 

[24]. de Locht, M; Boelaert, J-R; Schneider, Y-

J., 1994, “Iron uptake from ferrioxamine 

and from ferrirhizoferrin by germinating 

spores of Rhizopus microspores,” 

Biochem Pharmacol., 47:1843–1850. 

[PubMed:8204101] 

[25]. Fanta, C-H; Pennington, J-E., 1981, 

“Fever and new lung infiltrates in the 

immunocompromised host,” Clin Chest 

Med, 2: 19-39. 

[26]. Frater, J-L; Hall, G-S; Procop, G-W., 

2001, “Histologic features of 

zygomycosis: emphasis on perineural 

invasion and fungal morphology,” Arch 

Pathol Lab Med., 125: 375–378. 

[27]. Ghazi, B-K; Rackimuthu, S; Wara, U-U; 

Mohan, A; Khawaja, U-A., et al. 2021, 

“Rampant Increase in Cases of 

Mucormycosis in India and Pakistan: A 

Serious Cause for Concern during the 

Ongoing COVID-19 Pandemic,” Am J 

Trop Med Hyg., 105(5):1144-1147.  

[28]. Gil-Lamaignere, C; Simitsopoulou, M; 

Roilides, E; Maloukou, A; Winn, R-M; 

and Walsh, T-J., 2005, “Interferon- 

gamma and granulocyte-macrophage 

colony-stimulating factor augment the 

activity of polymorphonuclear leukocytes 

against medically important 

zygomycetes,” The Journal of infectious 

diseases, 191(7): 1180–1187.  

[29]. Gonzalez, C-E; Rinaldi, M-G; Sugar, A-

M., 2002, “Mucormycosis,” Infect Dis 

Clin North Am, 16: 895–914, vi. 

[30]. Greenberg, R-N; Mullane, K; van Burik, 

J-A., et al. 2006, “Posaconazole as salvage 

therapy for zygomycosis,” Antimicrob 

Agents Chemother,50:126–33. [PubMed: 

16377677] 

[31]. Greenberg, R-N; Scott, L-J; Vaughn, H-H; 

Ribes, J-A., 2004, “Zygomycosis 

(mucormycosis): emerging clinical 

importance and new treatments,” Curr 

Opin InfectDis, 17:517–25. 

[32]. Hagen, A., 2021, “COVID-19-Associated 

Mucormycosis: Triple Threat of the 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 7, Issue 4 July-Aug 2022, pp:1859-1869 www.ijprajournal.com   ISSN: 2456-4494 
 

 

 

 

DOI: 10.35629/7781-070418591869 | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 1866 

Pandemic,”American Society for 

Microbiology. 

[33]. Hamilos, G; Samonis, G; Kontoyiannis, 

D-P., 2011, “Pulmonary mucormycosis,” 

In: Baddley JW, Pappas PG, Seminars in 

respiratory and critical care medicine., © 

Thieme Medical Publishers; 32(06):693– 

702. 

[34]. Hejny, C; Kerrison, J-B; Newman, N-J; 

Stone, C-M., 2001, “Rhinoorbital 

mucormycosis in a patient with acquired 

immunodeficiency syndrome (AIDS) and 

neutropenia,” Am J Ophthalmol, 132: 

111–12. 

[35]. Hemashettar, B-M; Patil, R-N; O‟Donnell, 

K; Chaturvedi, V; Ren, P; Padhye, A-A., 

2011, “Chronic rhinofacial mucormycosis 

caused by Mucor irregularis (Rhizomucor 

variabilis) in India,” J ClinMicrobiol., 49: 

2372–2375. 

[36]. Hopkins, R-J; Rothman, M; Fiore, A; 

Goldblum, S-E., 1994, “Cerebral 

mucormycosis associated with intravenous 

drug use: three case reports and review,” 

Clin Infect Dis, 19: 1133–7. 

[37]. Ibrahim, A-S; Bowman, J-C; Avanessian, 

V., et al. 2005, “Caspofungin inhibits 

Rhizopus oryzae 1,3-β-D-glucansynthase, 

lowers burden in brain measured by 

quantitative PCR, and improves survival 

at a low butnot a high dose during murine 

disseminated zygomycosis,” Antimicrob 

Agents Chemother, 49:721–7. [PubMed: 

15673756] 

[38]. Ibrahim, A-S; Edwards, J-E; Jr, Fu Y, 

Spellberg, B., 2006, “Deferiprone iron 

chelation as a novel therapy for 

experimental mucormycosis,” J 

Antimicrob Chemother, 58:1070–1073. 

[PubMed: 16928702] 

[39]. Ibrahim, A-S; Gebermariam, T; Fu, Y., et 

al. 2007, “The iron chelator deferasirox 

protects mice frommucormycosis through 

iron starvation,” J Clin Invest, 117:2649–

2657. [PubMed: 17786247] 

[40]. Jeong, W; Keighley, C; Wolfe, R; Lee, W-

L; Slavin, M-A; Kong, D-C-M; Chen, S-

C-A., 2019, “The epidemiology and 

clinical manifestations of mucormycosis: 

A systematic review and meta-analysis of 

case reports” Clin. Microbiol. Infect., 

25:26–34 

[41]. Jimenez, C; Lumbreras, C; Aguado, J-M., 

et al. 2002, “Successful treatment of 

Mucor infection after liver or pancreas-

kidney transplantation,” Transplantation, 

73: 476–80. 

[42]. Jones, K-W; Kaufman, L., 1978, 

“Development and evaluation of an 

immunodiffusion test for diagnosis of 

systemic zygomycosis (mucormycosis): 

preliminary report,” Clin Microbiol., 7: 

97–101. 

[43]. Kasai, M; Harrington, S-M; Francesconi, 

A; Petraitis, V; Petraitiene, R; Beveridge, 

M-G., et al. 2008, “Detection of a 

molecular biomarker for zygomycetes by 

quantitative PCR assays of plasma, 

bronchoalveolar lavage, and lung tissue in 

a rabbit model of experimental pulmonary 

zygomycosis.” Journal of clinical 

microbiology, 46(11): 3690–3702. 

[PubMed: 18845827] 

[44]. Kontoyiannis, D-P; Marr, K-A; Park, B-J., 

et al. 2010, “Prospective surveillance for 

invasive fungal infections in 

hematopoietic stem cell transplant 

recipients, 2001-2006: overview of the 

Transplant-Associated Infection 

Surveillance Network (TRANSNET) 

Database,” Clin Infect Dis; 50:1091–100. 

[45]. Kontoyiannis, D-P; Wessel, V-C; Bodey, 

G-P; Rolston, V-I., 2000, “Zygomycosis 

in the 1990s in a tertiary-care cancer 

center,” Clin Infect Dis, 30: 851–6. 

[46]. Kubin, C-J; McConville, T-H; Dietz, D; 

Zucker, J; May, M; Nelson, B., et al. 

2021, “Characterization of bacterial and 

fungal infections in hospitalized patients 

with coronavirus disease 2019 and factors 

associated with health care-associated 

infections,” In Open forum infectious 

diseases (Vol. 8, No. 6, p. ofab201). US: 

Oxford University Press. 

[47]. Lackner, M; Caramalho, R; Lass-Florl, C., 

2014, “Laboratory diagnosis of 

mucormycosis: current status and future 

perspectives,” Future Microbiol., 9: 683–

695. 

[48]. Lamaris, G-A; Lewis, R-E; Chamilos, G., 

et al. 2008, “Caspofungin-mediated β-

glucan unmasking and enhancement of 

human polymorphonuclear neutrophil 

activity against Aspergillus and non-

Aspergillus hyphae,” J Infect Dis, 

198:186–92. [PubMed: 18500936] 

[49]. Larche, J; Machouart, M; Burton, K., et al. 

2005, “Diagnosis of cutaneous 

mucormycosis due to Rhizopus 

microsporus by an innovative PCR-



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 7, Issue 4 July-Aug 2022, pp:1859-1869 www.ijprajournal.com   ISSN: 2456-4494 
 

 

 

 

DOI: 10.35629/7781-070418591869 | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 1867 

restriction fragment-length polymorphism 

method,” Clin Infect Dis., 41: 1362–1365. 

[50]. Lass-Florl, C., 2009, “Zygomycosis: 

conventional laboratory diagnosis,” Clin 

Microbiol Infect., 5: 60–65. 

[51]. Lass-Florl, C; Mayr, A; Perkhofer, S., et 

al. 2008, “The activities of antifungal 

agents against yeasts and filamentous 

fungi: assessment according to EUCAST 

methodology,” Antimicrob Agents 

Chemother, 52:3637–41. [PubMed: 

18694949] 

[52]. Lass-Florl, C; Resch, G; Nachbaur, D., et 

al. 2007, “The value of computed 

tomography-guided percutaneous lung 

biopsy for diagnosis of invasivefungal 

infection in immunocompromised 

patients,” Clin Infect Dis., 45: e101–104. 

[53]. Ma, B; Seymour, J-F; Januszewicz, H; and 

Slavin, M-A., 2001, “Cure of pulmonary 

Rhizomucor pusillus infection in a patient 

with hairy-cell leukemia: role of liposomal 

amphotericin B and GM-CSF,” Leukemia 

& lymphoma, 42(6): 1393–1399.  

[54]. Machouart, M; Larche, J; Burton, K., et al. 

2006, “Genetic identification of the main 

opportunistic mucorales by PCR-

restriction fragment length 

polymorphism,” J Clin Microbiol., 44: 

805–810. 

[55]. Mastroianni A., 2004, “Paranasal sinus 

mucormycosis in an immunocompetent 

host: efficacy and safety of combination 

therapy with Liposomal Amphotericin B 

and adjuvant rHuGM-CSF,” Infez Med, 

12(4): 278–283. 

[56]. Mileshkin, L; Slavin, M; Seymour, J-F; 

McKenzie, A., 2001, “Successful 

treatment of rhinocerebral zygomycosis 

using liposomal nystatin,” Leuk 

Lymphoma, 42: 1119–23. 

[57]. Mishra, Y; Prashar, M; Sharma, D; Akash, 

Kumar, P-V; and Tilak, T.V.S.V.G.K., 

2021, ”Diabetes, COVID-19 and 

mucormycosis: Clinical spectrum and 

outcome in a tertiary care medical centre 

in Western India,” Diabetes Metab 

Syndrom, 15(4):102196 

[58]. Monheit, J-E; Cowan, D-F; Moore, D-G., 

1984, “Rapid detection of fungi in tissues 

using calcofluor white and fluorescence 

microscopy,” Arch Pathol Lab Med., 108: 

616–618. 

[59]. Mowat, A-G; Baum, J., 1971, 

“Chemotaxis of polymorphonucelar 

leukocytes from patients with diabetes 

mellitus,” N Engl J Med, 284: 621–7. 

[60]. Nagao, K; Ota, T; Tanikawa, A., et al. 

2005, “Genetic identification and 

detection of human pathogenic Rhizopus 

species, a major mucormycosis agent, by 

multiplex PCR based on internal 

transcribed spacer region of rRNA gene,” 

J Dermatol Sci., 39: 23–31. 

[61]. Nampoory, M-R; Khan, Z-U; Johny, K-

V., et al. 1996, “Invasive fungal infections 

in renal transplant recipients,” J Infect, 33: 

95–101. 

[62]. Neofytos, D; Horn, D; Anaissie, E., et al. 

2009, “Epidemiology and outcome of 

invasive fungal infection in adult 

hematopoietic stem cell transplant 

recipients: analysis of Multicenter 

Prospective Antifungal Therapy (PATH) 

Alliance registry,” Clin Infect Dis, 

48:265–73. 

[63]. Nithyanandam, S; Jacob, M-S; Battu, R-R; 

Thomas, R-K; Correa, M-A; D‟Souza, O., 

2003, “Rhino-orbito-cerebral 

mucormycosis. A retrospective analysis of 

clinical features and treatment outcomes,” 

Indian J. Ophthalmol,51 (3): 231. 

[64]. Nyilasi, I; Papp, T; Csernetics, A; Krizsán, 

K; Nagy, E; and Vágvölgyi, C., 2008, 

“High-affinity iron permease (FTR1) gene 

sequence-based molecular identification 

of clinically important Zygomycetes,” 

Clinical microbiology and infection: the 

official publication of the European 

Society of Clinical Microbiology and 

Infectious Diseases, 14(4): 393–397.  

[65]. Ong, J-Y-J; Chan, C-Y-A; Sharma, A; 

Sharma, S; and Sharma, V-J., 2021, “The 

mucormycosis epidemic within COVID-

19 pandemic-lessons from India,” Brain 

Behav Immun. 97(4-5) 

[66]. Paltauf, A; 1885, “Mycosis mucorina,” 

Virchows Arch Pathol Anat Physiol Klin 

Med; 102:543e64. 

[67]. Patel, A; Agarwal, R; Rudramurthy, S-M; 

Shevkani, M; Xess, I; Sharma, R., et 

al.2021,  “MucoCovi Network3. 

Multicenter Epidemiologic Study of 

Coronavirus Disease-Associated 

Mucormycosis, India,” Emerg Infect 

Dis.;27(9):2349-2359. 

[68]. Pelfrene, E; Botgros, R; and Cavaleri, M., 

2021, “Antimicrobial multidrug resistance 

in the era of COVID-19: a forgotten 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 7, Issue 4 July-Aug 2022, pp:1859-1869 www.ijprajournal.com   ISSN: 2456-4494 
 

 

 

 

DOI: 10.35629/7781-070418591869 | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 1868 

plight?,” Antimicrobial resistance and 

infection control,10(1): 21.  

[69]. Perfect, J-R; Schelt, W-A., 1996, “The 

new fungal opportunists are coming,” Clin 

Infect Dis, vol. 22 Suppl. 2 (pg. S112-

S118). 

[70]. Petrikkos, G; Skiada, A; Lortholary, O; 

Roilides, E; Walsh, T-J; and 

Kontoyiannis, D- P., 2012, “Epidemiology 

and clinical manifestations of 

mucormycosis,” Clinical Infectious 

Diseases, 54(suppl_1), S23-S34. 

[71]. Petrikkos, G; Tsioutis, C., 2018, “Recent 

advances in the pathogenesis of 

mucormycoses.” Clin Ther., 40(6):894- 

902. 

[72]. Petrikkos, G-L; Skiada, A; Sambatakou, 

H., et al. 2003, “Mucormycosis: ten year 

experience in a tertiary-care centre in 

Greece,” Eur J Clin Microbiol Infect Dis, 

22:753–6. 

[73]. Poignon, C; Blaize, M; Vezinet, C; 

Lampros, A; Monsel, A; Fekkar, A., 2020, 

“Invasive pulmonary fusariosis in an 

immunocompetent critically ill patient 

with severe COVID- 19,” Clin Microbiol 

Infect., 26(11):1582- 1584. 

[74]. Ponton, J; Ruchel, R; Clemous, K-V., et 

al. 2000, “Emerging pathogen, Med 

Mycol, vol. 38 Suppl. I(pg. 225-236). 

[75]. Rammaert, B; Lanternier, F; Zahar, J-R; 

Dannaoui, E; Bougnoux, M-E., et al. 

2012, “Healthcare-associated 

mucormycosis,” Clin. Infect. Dis., 

54(Suppl. 1): S44–S54. 

[76]. Reed, C; Bryant, R; Ibrahim, A-S; 

Edwards, J; Jr, Filler, S-G; Goldberg, R; 

and Spellberg, B., 2008, “Combination 

polyene-caspofungin treatment of rhino-

orbital-cerebral mucormycosis. Clinical 

infectious diseases: an official publication 

of the Infectious Diseases Society of 

America,” 47(3): 364–371. [PubMed: 

18558882] 

[77]. Rees, J-R; Pinner, R-W; Hajjeh, R-A; 

Brandt, M-E; Reingold, A-L., 1998, “The 

epidemiological features of invasive 

mycotic infections in the San Francisco 

Bay area, 1992-1993: results of 

population-based laboratory active 

surveillance,” Clin Infect Dis., 27: 1138–

1147. 

[78]. Revannavar, S-M; P S, S; Samaga, L; and 

V K, V., 2021, “COVID-19 triggering 

mucormycosis in a susceptible patient: a 

new phenomenon in the developing 

world?” BMJ case reports, 14(4): 

e241663.  

[79]. Roden, M-M; Zaoutis, T-E; Buchanan, W-

L., et al. 2005, “Epidemiology and 

outcome of zygomycosis: a review of 929 

reported cases,” Clinical infectious 

diseases: an official publication of the 

Infectious Diseases Society of America, 

41(5), 634–653.  

[80]. Ruhnke, M; Groll, A-H; Mayser, P., et al. 

2015, “Estimated burden of fungal 

infections in Germany,” Mycoses., 58: 

22–28. 

[81]. Rybak, J-M; Marx, K-R; Nishimoto, A-T; 

Rogers, P-D., 2015, “Isavuconazole: 

pharmacology, pharmacodynamics, and 

current clinical experience with a new 

triazole antifungal agent,” 

Pharmacother,35: 1037–1051. 

[82]. Sandven, P-E-R; Eduard, W., 1992, 

“Detection and quantitation of 

antibodiesagainst Rhizopus by enzyme-

linked immunosorbent assay,” APMIS, 

100: 981–987. 

[83]. Singh, A-K; Singh, R; Joshi, S-R; Misra 

A., 2021, “Mucormycosis in COVID-19: 

A systematic review of cases reported 

worldwide and in India,” Diabetes Metab 

Syndr, 15(4):102146. 

[84]. Skiada, A; Lass-Floerl, C; Klimko, N; 

Ibrahim, A; Roilides, E; and Petrikkos, G., 

2018, “Challenges in the diagnosis and 

treatment of mucormycosis,” Medical 

mycology, 56 (suppl_1), 93–101.  

[85]. Skiada, A; Pagano, L; Groll, A; Zimmerli, 

S; Dupont, B; Lagrou, K., et al. 2011, 

“Zygomycosis in Europe: Analysis of 230 

cases accrued by the registry of the 

European Confederation of Medical 

Mycology (ECMM) Working Group on 

Zygomycosis between 2005 and 2007,” 

Clin. Microbiol. Infect., 17:1859–1867. 

[86]. Spellberg, B; Edwards, J; Jr, and Ibrahim, 

A., 2005b, “Novel perspectives on 

mucormycosis: pathophysiology, 

presentation, and management”. Clinical 

microbiologyreviews, 18(3): 556–569.  

[87]. Spellberg, B; Fu, Y; Edwards, J-E; Jr, 

Ibrahim A-S., 2005a, “Combination 

therapy with amphotericin B lipid 

complex and caspofungin acetate of 

disseminated zygomycosis in diabetic 

ketoacidotic mice,” Antimicrob Agents 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 7, Issue 4 July-Aug 2022, pp:1859-1869 www.ijprajournal.com   ISSN: 2456-4494 
 

 

 

 

DOI: 10.35629/7781-070418591869 | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 1869 

Chemother, 49:830–2. [PubMed: 

15673781] 

[88]. Spellberg, B; Walsh, T-J; Kontoyiannis, 

D-P; Edwards, Jr; and Ibrahim, A-S., 

2009, “Recent Advances in the 

Management of Mucormycosis: From 

Bench to Bedside,” Clin Infect Dis. 15; 

48(12): 1743–1751.  

[89]. Springer, J; Lackner, M; Ensinger, C., et 

al. 2016, “Clinical evaluation of a 

Mucorales-specific real-time PCR assay in 

tissue and serum samples,” J Med 

Microbiol., 65: 1414–1421. 

[90]. Sulis, G; Batomen, B; Kotwani, A; Pai, 

M; and Gandra, S., 2021, “Sales of 

antibiotics and hydroxychloroquine in 

India during the COVID-19 epidemic: An 

interrupted time series analysis,” PLoS 

medicine, 18(7), e1003682.  

[91]. Tissot, F; Agrawal, S; Pagano, L; 

Petrikkos, G; Groll, A-H; Skiada, A., et al. 

2017, “ECIL-6 guidelines for the 

treatment of invasive candidiasis, 

aspergillosis and mucormycosis in 

leukemia and hematopoietic stem cell 

transplant patients,” 

Haematologica,102(3): 433–444.  

[92]. Trifilio, S-M; Bennett, C-L; Yarnold, P-

R., et al. 2007, “Breakthrough 

zygomycosis after voriconazole 

administration among patients with 

hematologic malignancies who receive 

hematopoietic stem-cell transplants or 

intensive chemotherapy,” Bone Marrow 

Transplant, 39: 425–429. 

[PubMed:17310132] 

[93]. van Burik, J-A; Hare, R-S; Solomon, H-F; 

Corrado, M-L; Kontoyiannis, D-P., 2006, 

“Posaconazole is effective as salvage 

therapy in zygomycosis: a retrospective 

summary of 91 cases,” Clin Infect Dis, 

42:e61–5. [PubMed: 16511748]  

[94]. Van Cutsem, J; Boelaert, J-R., 1989, 

“Effects of deferoxamine, feroxamine, and 

iron on experimental mucormycosis 

(zygomycosis),” Kidney Int., 36:1061-8. 

[95]. Van den Saffele, J-K; Boelaert, J-R., 

1996, “Zygomycosis in HIV positive 

patients: a review of the literature,” 

Mycoses; 39: 77–84. 

[96]. Vanderbeke, L; Spriet, I; Breynaert, C; 

Rijnders, B-J-A; Verweij, P-E; Wauters, 

J., 2018, “Invasive pulmonary 

aspergillosis complicating severe 

influenza: epidemiology, diagnosis and 

treatment,” Curr Opin Infect Dis., 

31(6):471- 480. 

[97]. Vigouroux, S; Morin, O; Moreau, P., et al. 

2005, “Zygomycosis after prolonged use 

of voriconazole in immunocompromised 

patients with hematologic disease: 

attention required,” Clin Infect Dis; 

40:e35–7. [PubMed: 15712069] 

[98]. Waldorf, A-R; Levitz, S-M; Diamond, R-

D., 1984, “In vivo bronchoalveolar 

macrophage defense against Rhizopus 

oryzae and Aspergillus fumigams,” J 

Infect Dis, 150:752-60. 

[99]. Walsh, T-J; Finberg, R-W; Arndt, C; 

Hiemenz, J; Schwartz, C; Bodensteiner, 

D., et al. 1999, “Liposomal amphotericin 

B for empirical therapy in patients with 

persistent fever and neutropenia. National 

Institute of Allergy and Infectious 

Diseases Mycoses Study Group,” The 

New England journal of medicine, 

340(10): 764–771. [PubMed: 10072411]  

[100]. Walsh, T-J; Hiemenz, J-W; Seibel, N-L; 

Perfect, J-R; Horwith, G; Lee, L., et al. 

1998, “Amphotericin B lipid complex for 

invasive fungal infections: analysis of 

safety and efficacy in 556 cases,” Clinical 

infectious diseases: an official publication 

of the Infectious Diseases Society of 

America, 26(6): 1383–1396. [PubMed: 

9636868] 

[101]. Werthman-Ehrenreich, A., 2021, 

“Mucormycosis with orbital compartment 

syndrome in a patient with COVID-19,” 

Am. J. Emerg. Med, 42: 264 e5- e8. 

[102]. Wysong, D-R; Waldorf, A-R., 1987, 

“Electrophoretic and immunoblot analyses 

of Rhizopus arrhizus antigens,” J Clin 

Microbiol., 25: 358–363. 

[103]. Xess, I; Mohapatra, S; Shivaprakash, M-

R., et al. 2012, “Evidence implicating 

Thamnostylum lucknowense as an 

etiological agent of rhino-orbital 

mucormycosis,” J Clin Microbiol., 50: 

1491–1494. 

 

 


