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            Abstract

            
               
Patients with COVID-19 may develop higher susceptibility to fungal co-infections. Mucormycosis is a rare and often life-threatening
                  disease caused by vascular invasion by hyphae, leading to thrombosis and necrosis. Mucormycosis has been the cause of morbidity
                  and mortality in transplant, ICU and immunodeficient individuals over a long period of time, but in India, a rapid increase
                  in the number of cases seen in unexpected patients with Covid-19, which is a major concern. Covid-19 patients, already immunocompromised
                  with underlying condition, had been exposed to severe Covid-19 infection and been using steroids, were at greater risk of
                  developing mucormycosis. Out of ten cases reported by Sir Ganga Ram Hospital, Delhi India in December2020, five succumbed
                  to mucormycosis. Another unique feature reported in mucor patients was age, most were elderly with ages between 45 to 60 years.
                  The mortality rate is currently estimated at 50% in India. Symptoms such as nasal congestion, swelling of the eye or cheeks
                  and dark brown crusts inside the nose should be reported immediately and anti-fungal treatment should be started.
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               Introduction

            Coronavirus 2019 (COVID-19) is a new disease caused by the novel coronavirus (SARS-CoV-2) which first appeared in China in
               December 2019 and later on declared a global pandemic.1 Corona viruses are enveloped, large single-stranded RNA viruses that infect humans, but also various species and its rapid
               spreadability and high mortality rate have caused severe disruptions.2, 3 Although pathophysiology of the virus is still being researched, new manifestations of symptoms and complications continue
               to materialize.1 The severeness of the infections ranges from asymptomatic infection to respiratory failure and death. It is associated with
               a variety of opportunistic bacterial and fungal infections such as mucormycosis which are important challenges increasing
               the patient’s morbidity and mortality.4, 5, 6, 7 Mucormycosis refers to a group of saprophytic fungi that are found in decaying vegetation and food containing high sugar
               content and these organisms are omnipresent in nature.8, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, 15, 16 Mucormycosis, also known as zygomycosis and phycomycosis is a rare and lethal disease caused by a common fungus that is part
               of the class Zygomycetes and classified as mucorales and entomophthorales. The clinical presentation of mucormycosis differs
               depending on the location of the disease.17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 8, 2, 3, 4, 5, 6, 7, 9 The Entomophthorales are rare causes of subcutaneous and mucocutaneous infections which is known as entomophthoromycosis,
               which mainly afflict immunosuppressed individuals in developing countries.27 Mucormycosis is characterized as rhinocerebral, pulmonary, cutaneous, gastrointestinal, disseminated or further, which consist
               of infection of bones, heart, ear, parotid gland, uterus, urinary bladder and lymph nodes.6, 7, 9, 10, 11, 12, 13, 14, 15, 16, 28, 29 Rhino-cerebral mucormycosis occurs most frequently in diabetic patients, while pulmonary mucormycosis is most common in patients
               with hematological malignancies.14 It is a rare but serious persistent fungal infection going on usually in immunosuppressed patients, particularly in patient
               who have uncontrolled diabetes or hematological deficiency, high iron deficiency, severe trauma, long-term use of corticosteroids,
               drug abuse, childhood malnutrition, malnutrition and other chronic disease.18, 19, 20, 21, 22, 23, 24, 25, 26, 8, 2, 3, 4, 5 The most common risk factor related with mucormycosis is diabetes mellitus in India.12, 13, 14, 15 Recently, several cases of mucormycosis in people with COVID-19 have been reported extensively worldwide, mainly from India.4 COVID-19 patients, especially those who are severely ill or have depressive disorders, are more likely to suffer from invasive
               mycoses.30 The disease has a high mortality rate. Imaging methods are not generally diagnostic and cultures are not perfectly consistent.
               The investigation is entirely based on an examination of patient’s history. Management is often ineffective, leading to progressive
               infection and mortality.19

            
                  
                  Figure 1
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                  Figure 2

                  Pathophysiology of mucormycosis31
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                  Mucormycosis manifestation in COVID-19 patient

               COVID-19 has developed secondary systemic mycoses that have led to serious complications and even death.20, 21, 22, 23 Mucormycosis infection in humans occurs mainly in two ways. First one is Superficial and Visceral and the second one is localized
                  and disseminated. The features of superficial form are seen in external organs such as ear, finger nails and skin. While visceral
                  forms are affected in pulmonary, gastrointestinal and rhino cerebral systems. These spores enters either through cutaneous
                  or respiratory route.13 The most commonly reported areas of invasive mucormycosis are paranasal sinuses (39%), lungs (24%), and skin (19%). Table
                  No.1 summarizes the COVID-19 cases with mucormycosis infection. Mucormycosis is only confined in the intestinal tract and
                  is common in only 7% of cases. However, the occurrence of intestinal mucormycosis raises an increased possibility of the emergence
                  of severe fungal strains.21, 22, 23, 24, 25, 26, 8, 2, 3, 4, 5, 6, 7, 9, 10, 11

            

         

         
               Pathophysiology

            The pathophysiology of COVID-19 may also account for an unprecedented collaboration with invasive fungal infection (IFI).
               First, the highly aggressive feature of the SARS-CoV-2 virus in the lung tissue and the large two-sized lesions that occur
               between the alveolo-interstitial make IFI possible, especially those with primary pulmonary entry and airway obstruction such
               as invasive pulmonary aspergillosis (IPA), pneumocystis and mucormycosis. Second, the total number of T lymphocytes, CD4 +
               T and CD8 + T cells is significantly lower in severe cases of COVID-19 than in moderate cases, associated with very high levels
               of IL-2R, IL-6, IL-10, TNF-alpha and other inflammatory markers.22, 23, 24, 25, 26, 8, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, 15, 16, 28, 29, 32 Mucormycosis infection is caused by asexual spore formation. The tiny spores come to be airborne and settle on the oral and
               nasal mucosa of human beings. In majority of immunologically competent hosts, these spores might be confined via a phagocytic response.
               If this response be unsuccessful, germination will follow and hyphae will increase. As polymorphonuclear leukocytes are much
               less effective in eliminating hyphae, in immunosuppressed patients, the infection becomes settled in those cases. It further
               develops as the hyphae start to invade arteries, wherein they spread within the vessel walls and lumens inflicting thrombosis,
               ischemia, and infarction with dry gangrene of the affected tissues. Hematogenous spread to different organs can take place (lung, brain,
               etc) and results in sepsis [Figure  1].31, 33, 34

            
                  Clinical and diagnostic perspectives of COVID-19 associated with mucormycosis

               The diagnose of mucormycosis is difficult in clinical and laboratory settings. It is very difficult to isolate and maintain
                  in the laboratory since their poorly septate hyphae can lose the vital cytoplasm at the least manipulation.16 Mucormycosis is generally diagnosed by direct microscopy or fluorescent brighteners from clinical samples such as sputum,
                  broncho alveolar lavage fluid (BALF), and induced Mucorales hyphae skin lesions or pauci-septate hyphae with a variable diameter
                  of 6–16 μm. To confirm the diagnosis, non-colored noninvasive tissue attacks should be performed on tissue components marked
                  with hematoxylin-eosin (HE), Periodic acid–Schiff (PAS), or Grocottmethenamine silver (GMS) stain. The culture of specimens
                  is strongly suggested for recognition of genus and species, as well AST. It is recommended to be cultured at 30 °C and 37°C
                  separately that usually a white or gray colony will normally be formed, after that morphological recognition of fungi or DNA
                  ordering depend on bar code genes, such as 18S, ITS, 28 s, or rDNA.30, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 8, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, 15, 16, 28

               There are two types of investigative tests for the diagnosis of mucormycosis

            

         

         
               Laboratory Testing 

            A complete total blood Cells (CBC) should be obtained to diagnose neutropenia. And other tests including blood glucose, bicarbonate,
               and electrolyte help to detect homeostasis and direct correction of acidosis. Arterial blood gases (ABG) test that can help
               to determine the level of acidosis and direct corrective treatment. Iron tests have been shown to test the availability of
               iron mass and have been shown to have high levels of ferritin and low iron binding capacity.26 Other laboratory testing such as mucor stains Potassium hydroxide (KOH) and Calcofluor. Histopathology, fungal culture and
               Polymerase chain reaction (PCR+) on the basis of molecular finding from biopsied tissue sample are performed and it is also
               used to confirm the infection and identify the strains involved.8, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, 15, 16, 28, 29, 32, 35

         

         
               Radiological Studies

            Computed tomography (CT) and magnetic resonance imaging (MRI) should be used for imaging of paranasal sinuses, orbits, brain,
               and intracranial vessels.24, 25, 26, 8, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, 15, 16, 28, 29 CT and face imaging should be used as the first diagnosis of rhino cerebral diseases. CT scans can show sinusitis, in addition
               to orbital and intracranial extension. Magnetic resonance imaging (MRI) of facial and brain sinuses is better than CT scans
               to assess the extent of tissue attacks and the need for further surgery. Esophagogastroduodenoscopy (EGD) can show areas of
               tissue necrosis consistent with biopsy. Central CT scan scans or MRI of the CNS can reveal tumors or extend rhino cerebral
               infection to the brain.26

            

            

            

            
                  
                  Table 1

                  Various studies exhibiting the site of infection in mucormycosis.
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               Management

            Treatment should be started without delay and consist of antifungal drugs, surgical debridement, and improvement of underlying
               metabolic abnormalities including hyperglycemia, ketosis, acidosis, and other metabolic abnormalities [Figure  2].
            

            
                  Medical management

               COVID-19 treatment with a combination of specific antifungals may be needed to improve patient survival.20 Treatment for this entity is multifaceted and involves surgical debridement of the affected tissues and antifungal treatment.19 In a recent study, Amphotericin B and Isavuconazole are two antimicrobial agents approved by the US Food and Drug Administration
                  (FDA) for the primary treatment of mucormycosis. First-line treatment is based on the availability of Amphotericin, which
                  is a liposomal form of Amphotericin B to reduce nephrotoxicity. Other options include Amphotericin B deoxycholate, Isavuconazole,
                  and Posaconazole.26 Intravenous Amphotericin B (lipid formation) is the drug of choice for initial treatment.17 The dose of liposomal Amphotericin B is 5-10 mg/kg/day and sometimes escalated to 7.5 to 10 mg/kg/day is suggested to achieve
                  good tolerability.8, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, 15, 16, 28, 29, 32, 35, 31, 33, 34, 36, 27, 37 If the cost of liposomal form of Amphotericin B is a limiting factor then conventional Amphotericin B or Amphotericin deoxycholate
                  can be advised. The efficacy of conventional Amphotericin B/Amphotericin deoxycholate is not lesser to the liposomal form
                  of Amphotericine B, but adverse effect of conventional Amphotericin B is higher than liposomal Amphotericin B. The serum half-life
                  of conventional Amphotericin is 12-24 hours, with a maximum serum concentration of 6 to 8 hours. It is used at a dose of 0.3-1.5
                  mg / kg /day. It is recommended to start intravenous treatment with a test dose of 1 mg of Amphotericin B.
               

               Other antifungal agent used in the treatment of mucormycosis are Posaconazole (300 mg twice daily upto three days after that
                  300 mg daily, orally) and Isavuconazole (200 mg twice daily on the first day after that 200 mg daily).In an open-label study
                  Isavuconazole showed same effectiveness to Amphotericin. Oral formulation can be advised for a long time; up to 6 months.
                  Other antifungal drugs (Fluconazole, Voriconazole, Caspofungin) therapy are not effective in mucormycosis.25, 26, 8

            

            
                  Surgical management

               Surgical debridement of infected tissue is important and may include partial or complete maxillectomy, mandibulectomy and
                  orbital exenteration. Surgery should be started without delay once the diagnosis has been confirmed.26 Functional endoscopic sinus surgery (FESS) and orbital debulking are generally required surgeries in zygomycosis. Surgery
                  at an early stage is better than delayed for the reason that drugs do not reach the necrotic tissue. Good quality surgical
                  support is crucial for a better result of mucormycosis patients. Follow up endoscopy or surgical examination needs to be repeated
                  on a case-to-case on the basis of treatment response.
               

               The duration of treatment is not well-known and decided on a case-to case basis. The management with Amphotericin is advised
                  for 4-6 weeks followed by Posaconazole or Isavuconazole for some more weeks as a maintenance therapy.8 
               

               

            

         

         
               Discussion

            Mucormycosis is very rare in healthy persons but several immunocompromised conditions predispose it. This includes uncontrolled
               Diabetes Mellitus with or without Diabetes ketoacidosis, hematological and other malignancies, organ transplantation, prolonged
               neutropenia, immunosuppressive and corticosteroid therapy, hemochromatosis, severe burns, acquired immunodeficiency syndrome
               (AIDS), malnutrition and open wound following trauma and COVID-19. In this review we have discussed about mucormycosis manifestation
               in COVID-19 patients. COVID-19 infection can alter the immune system by affecting T lymphocytes, especially CD4 + and CD8
               + T cells. Significant depletion of total lymphocytes and especially T cells especially in severe cases of COVID-19 is associated
               with bad result and may expose patients to a higher risk of developing opportunistic infections such as mucormycosis. Mucormycosis
               is a fungal disease caused by a group of opportunistic fungi, e.g. mucormycetes. This infection is due to impairment of bronchial
               alveolar macrophages. In mucormycosis mucrales specific T-cells (CD4 + and CD8 +), which work against mucorales by producing
               cytokines, such as IL-4, IL-10, IL-17 and IFN-γ, which can directly damage the mucorales hyphae. Mucorales specific T-cell
               cells are only available in patients affected by invasive mucormycosis and that is a useful diagnostic marker for invasive
               fungal infection. Excessive exchanges, as well as existing diseases, such as diabetes, pre-existing respiratory disease, use
               of immunotherapy, the threat of hospital-acquired infections, and mutations in COVID-19 can lead to secondary diseases, which
               have gradually been adopted in their analysis of their effects on illness and death. Mucormycosis is defined as an infection
               and necrosis of host tissue resulting from a vasculature attack by hyphae. Depending on the anatomic site involved, mucormycosis
               can present as a different types of syndromes, including rhino-orbital-cerebral, pulmonary, cutaneous, and not as much of
               frequently GI, kidney, and spreaded disease. The prevalence of systemic fungal infections due to opportunistic infections
               has increased significantly over the past two decades due to the emergence of patients exposed to natural fungi. 
            

         

         
               Conclusion

            Patients with COVID-19 are at greater risk of developing fungal disease. COVID-19 is associated with a higher incidence of
               secondary infections, both bacterial and fungal which may be more likely due to immune effects. In addition, excessive use
               of steroids / monoclonal antibodies / antibiotics broadly as part of the treatment regimen against COVID-19 could lead to
               the growth / proliferation of existing fungal infections. Patients with COVID-19 showed an expression of inflammatory cytokines,
               as well as impaired cell mediated response with diminished CD4 + T and CD8 + T cell counts indicating a tendency to fungal
               co-infection. Physicians should be attentive of prospect of invasive secondary fungal infections in patients with COVID-19
               especially in patients with pre-existing conditions and should allow early diagnosis and treatment to reduce mortality and
               morbidity. Medication use should be evaluated to achieve the therapeutic effect with the lowest dose and the shortest duration.
               In order to prevent the occurrence of mucormycosis, rational use of steroids and antibiotics for the shortest duration, glycemic
               control, and adequate awareness toward ventilators and tubing are necessary.
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