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            Abstract

            
               
Rhino-orbital mucormycosis is a rare life threatening invasive fungal infection that has recently shown a very high mortality
                  rate in India during COVID-19 pandemic. We have designed the present study to find out associations between COVID-19 induced
                  rhino-orbital mucormycosis and concentrations of inflammatory markers, i.e. D-dimer, Ferritin, IL-6, CRP and PCT, in blood
                  serum of Indian population.
               

               There were four groups in the study, viz. control group with healthy subjects, treatment group-1 with patients suffering from
                  SARS-COV-2 infection, treatment group-2 with patients suffering from both SARS-COV-2 infection and rhino-orbital mucormycosis,
                  and treatment group-3 with patients suffering from rhino-orbital mucormycosis after SARS-COV-2 infection recovery. Inflammatory
                  markers were quantified with standard protocols, and recorded data were subjected to statistical analyses.
               

               We found that patients suffering from SARS-COV-2 infection were more susceptible to rhino-orbital mucormycosis, as they had
                  higher concentrations of inflammatory markers in their blood than the other subjects. Diabetes mellitus, hypertension, cardiovascular
                  diseases and renal disorders were the associated comorbidities with the patients. We also found higher concentrations of inflammatory
                  markers in males than the females, indicating towards their higher susceptibility in developing rhino-orbital mucormycosis
                  than females. 
               

               Present study therefore suggests that the frequent occurrence of rhino-orbital mucormycosis in India during second wave of
                  COVID-19 was possibly due to indiscriminate use of corticosteroids by COVID-19 patients. Subjects with previous history of
                  comorbidities like diabetes mellitus, hypertension, cardiovascular disorders and renal diseases are the most susceptible population
                  groups for developing infection. Moreover, males are at higher risk of developing mucormycosis than the females. 
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               Introduction

            Rhino-orbital mucormycosis is a rare life threatening invasive fungal infection that has recently shown a very high mortality
               rate in India. The infection is caused by Rhizopus Oryzae (Mucorales: Zygomycetes), a ubiquitous fungi that causes 90% of
               the global rhino-orbital mucormycosis.1 The infection occurs through the inhalation of fungal spores that occur naturally in the environment, the body surface, and
               the orifices. The spores inoculate the paranasal sinuses and nasopharynx, and spread to the orbit and intracranial cavity
               in humans with reduced cellular and humoral defenses.2 The infiltrating fungus keeps on destroying the surrounding bone and soft tissue through vascular thrombosis and tissue infarction,
               and subsequently reaches the brain with fatal complications.3 Being an opportunistic infection, the rhino-orbital mucormycosis preferentially affects immuno-compromised individuals suffering
               from diabetes mellitus, neutropenia, malignancy, chronic renal failure, acquired immunodeficiency syndrome, and those who
               have received organ or hematopoietic stem cell transplants.4, 5 

            The second wave of severe acute respiratory syndrome coronavirus-2 (SARS-COV-2) infection in India has witnessed a huge resurgence
               in cases of rhino-orbital mucormycosis. The researchers are still exploring the possible reasons for such an upsurge in cases
               of rhino-orbital mucormycosis during COVID-19 pandemic. Henceforth, we have designed the present study to find out associations
               between rhino-orbital mucormycosis and SARS-COV-2 infection by using certain inflammatory markers, viz. D-dimer, Ferritin,
               Interleukin-6 (IL-6), C-reactive protein (CRP) and Procalcitonin (PCT). The D-dimer is a specific metabolite of cross-linked
               fibrin formed by plasma fibrinolytic enzyme; and its increased concentration reflects the secondary fibrinolysis.6 In a normal person its concentration is < 500 ng/ml.
            

            Ferritin is a cellular means of storing iron and is widely measured as an indicator of iron status.7 It is involved in iron metabolism. When serum ferritin leaks from damaged cells, it leaves the stored iron in an unliganded
               form that further causes the cellular damage.8 Hence, ferritin is a potential biomarker in inflammatory diseases such as COVID-19, cancer, neurodegeneration or other infections.
               Its normal range is between 20 - 250 ng/ml in males and 10 -120 ng/ml in females. Interleukin-6 is closely associated with
               the severity of diseases like COVID-19, avian-origin H7N9 influenza infections, and common seasonal H1N1 influenza. Its normal range in human blood is < 7 pg/ml. 
            

            The C-reactive protein is a member of pentraxin family of innate immune response proteins. It is mainly produced in liver
               in response to IL-6, plays a direct role in atherogenesis,9 and is a potent predictor of type II diabetes,10 myocardial infarction, neoplastic diseases11 and SARS-CoV-2 infection.12  The normal range for blood CRP concentration in blood is<10 mg/L. However, PCT is a 116-amino acid precursor of the hormone
               calcitonin. Several studies have found a close association between elevated PCT levels and the severity of SARS-CoV-2 infection.13 While the normal range for blood PCT concentration in blood is<50 pg/mL, a recent study has reported that increased PCT values
               are related to a ~5-fold higher risk of severe SARS-CoV-2 infection.14

            We anticipate that the findings of present study may be helpful in quantifying the associations between SARS-COV-2 infection
               and the upsurge in rhino-orbital mucormycosis during second wave in India. The findings may also be helpful in identifying
               the most susceptible patient groups, which are at higher risks of COVID-19 associated rhino-orbital mucormycosis amongst the
               patients with different comorbidities.
            

         

         
               Materials and Methods

            The study was conducted in MRU lab, Sir Sunderlal Hospital and Department of Anatomy of Institute of Medical Sciences, Banaras
               Hindu University, Varanasi (India) from May 2021 2017 to June 2021. The study screened 245 subjects, but considered 126 subjects
               based on inclusion and exclusion criteria. Both females (n=55) and males (n=71) of variable ages (females=between 38.8±2.3
               and 45.14±3.2; males=between 45.5±2.0 and 56.0±3.8 years) were considered in the study. All subjects were of Indian ethnicity
               from eastern Uttar Pradesh and Bihar, the two states of northern India. The study was approved by the Institutional Medical
               Ethical Committee No.2021/EC/2677. All subjects were informed about the study and their consents were taken prior to the start
               of the study.
            

            
                  Study design

               For all subjects included in the study, reverse transcription PCR (RT-PCR) test was conducted for the detection of SARS-CoV-2
                  infection. The results of the test, the subject history, the clinical presentation and course, and the radiological findings
                  were recorded. The patients with rhino-orbital mucormycosis were identified on the basis of the guideline designed for the
                  diagnosis and management of mucormycosis,14, 15 which includes patients having the following symptoms: (i) nasal stiffness and discharge, headache, facial pain or swelling,
                  proptosis, ptosis, ocular motility restriction, diplopia or sudden decreased vision, etc., (ii) radiological evidence of angioinvasion,
                  presence of bone destruction and necrosis in involved structures (paranasal sinus, orbit/brain),16 and (iii) tissue biopsy with pathological evidence of tissue invasion, vessel occlusion, and non-pigmented non-/pauci-septate
                  hyphae with variable width (6–16μm) or the same typical fungal appearance in microbiological culture (Figure  1). 
               

               
                     
                     Figure 1

                     Clinical photograph of a male patient of rhino-orbital mucormycosis showing (A): Left eye ptosis, proptosis and periocular & facial swelling (B): Palatal ulcer/eschar (C): Axial MRI (T2) showing involvement of the left medial orbit, infiltrating muscle and orbital fat in posterior orbit along with involvement
                        of the left ethmoid sinus
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               There were four groups in the study, viz. (i) control group with healthy subjects (females=5; males=8), (ii) treatment group-1
                  with patients suffering from SARS-COV-2 infection (females=20; males=23), (iii) treatment group-2 with patients suffering
                  from both SARS-COV-2 infection and rhino-orbital mucormycosis (females=24; males=34), and (iv) treatment group-3 with patients
                  suffering from rhino-orbital mucormycosis after SARS-COV-2 infection recovery (females=6; males=6). The patients of treatment
                  group-3 were those that were tested negative for COVID-19 at the time of diagnosis but had a prior positive test record and
                  were admitted for treatment, with symptoms of rhino-orbital mucormycosis appearing few days following discharge. Disease severity
                  was categorized according to proposed staging of Rhino-Orbito-Cerebral Mucormycosis (ROCM) by Honavar (2021).15 All patients concurrently positive for SARS-CoV-2 infection and had moderate to severe rhino-orbital mucormycosis were treated
                  for COVID-19 protocol in accordance with the national guidelines issued by Indian Council of Medical Research, New Delhi,
                  India.
               

               The healthy subjects that were negative to both the rhino-orbital mucormycosis and SARS-CoV-2 infection were considered in
                  the control group. The blood samples of patients were taken at Sir Sunderlal hospital, Institute of Medical Sciences, Varanasi
                  (India). However, the blood samples of healthy subjects were taken either at MRU lab or Department of Anatomy, Institute of
                  Medical Sciences, Varanasi. About 4-5ml of blood was taken out by venepuncture method from the subjects for serum isolation.
                  The blood was collected in citrate coated vials, which were centrifuge (REMI, R-8C) at 3000 rpm for 5 min and the isolated
                  serum was collected in 1.5 ml Eppendorff tube for the determination of serum concentrations of D-Dimer, Ferritin, IL-6, CRP
                  and PCT inflammatory markers.
               

            

            
                  Determining concentrations of D-Dimer, Ferritin, IL-6, CRP and PCT biomarkers

               The concentrations of D-dimer and ferritin in the blood serum were determined as per the protocols of ichromax kit (Boditech
                  Med Incorporated, Korea; www.boditech.co.kr). However, the concentrations of IL-6, CRP and PCT inflammatory markers in the
                  blood serum were determined by Diaclone human IL-6 ELISA kit (Diaclone SAS, France, www.diaclone.com). The data were recorded
                  for further statistical analysis.
               

            

            
                  Statistical analyses

               Distributions of data sets obtained in the study were checked for normality using Kolmogorov-Smirnoff test and homogeneity
                  of variances using Bartlett’s test for equal variances. All dependent variables (inflammatory markers), viz. concentrations
                  of D-dimer, Ferritin, IL-6, CRP and PCT were subjected to Kruskal-Wallis test, considering health status of subjects (viz.
                  normal healthy subjects, SARS-COV-2 infected patients, rhino-orbital mucormycosis with SARS-COV-2 infected patients, and patients
                  with rhino-orbital mucormycosis post SARS-COV-2 infection recovery) as independent variable. 
               

               Dependent variables were also subjected to regression analysis and regression graphs were extrapolated. In addition, Chi-Square
                  (χ2) test was performed to analyse the level of significance in comorbidities (i.e. diabetes mellitus, hypertension, cardiovascular
                  disorders, renal disorders and cancer) in males and females, within the samples under consideration. All statistical analyses
                  were performed using MINITAB 16 (Minitab Inc., State College, Pennsylvania, USA).
               

            

         

         
               Results

            Kruskal-Wallis test revealed significant effect of the health status of males and females on the concentrations of their inflammatory
               markers. In females, the concentration of D-dimer (H=19.09; P<0.0001; df=3) and ferritin (H=8.75; P=0.033; df=3) varied significantly
               with the health status of subjects. However, the concentration of IL-6 (H=6.59; P=0.086; df=3), CRP (H=5.27; P=0.153; df=3)
               and PCT (H=2.31; P=5.11; df=3) did not vary significantly with the health status of subjects (Table  1). Post-hoc comparison of means and regression graphs further exposed that female suffering from SARS-COV-2 infection had
               higher concentrations of D-dimer, and those suffering from both rhino-orbital mucormycosis and SARS-COV-2 infection had higher
               concentrations of ferritin in their blood serum than the other females. The concentrations of IL-6 and CRP were similar in
               blood serum of all the infected females. Except for the concentration of PCT which was similar in all females, the healthy
               females had lowest concentrations of inflammatory biomarkers in their blood serum (Figure  2, Figure  3). 
            

            

            
                  
                  Figure 2

                  Concentration of inflammatory markers in blood serum of females with different health status (Values are Mean±SE; small letters
                     represent comparison of means amongst the four treatment groups)
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            In males, except for the concentration of CRP (H=6.70; P=0.082; df=3) that did not vary significantly with the health status
               of subjects, the concentration of D-dimer (H=43.91; P<0.0001; df=3), ferritin (H=8.79; P=0.032; df=3), IL-6 (H=16.84; P=0.001;
               df=3) and PCT (H=8.89; P=0.031; df=3) varied significantly with the health status of subjects (Table  1). Post-hoc comparison of means and regression graphs further exposed that male suffering from SARS-COV-2 infection had higher
               concentrations of D-dimer, ferritin, CRP and PCT levels in their blood than the other males. However, those suffering from
               both rhino-orbital mucormycosis and SARS-COV-2 infection had higher concentrations of IL-6 in their blood than the other males.
               Except for the concentration of PCT which was similar in majority of the males, the healthy males had lowest concentrations
               of inflammatory biomarkers in their blood serum (Figure  3; Figure  4).
            

            

            
                  
                  Figure 3

                  (A): Concentration of IL-6 in blood serum of females andmals with different health status (Values are Mean±SE; small letters
                     represent comparison of means amongst the four treatment groups).; (B): Comorbidities associated with male and female patients suffering from SARS-CoV-2 infection and/or rhino-orbital mucormycosis
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                  Figure 4

                  Concentration of inflammatory markers in blood serum of males with different health status (Values are Mean±SE; small letters
                     represent comparison of means amongst the four treatment groups)
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            We observed that the disease severity was more marked in male patients with higher concentrations of serum biomarkers (Table  1). The comorbidity data has further revealed that majority of the patients were having no previous history of comorbidity,
               but were either COVID-19 positive or had a previous history of SARS-COV-2 infection. Others were suffering from diabetes mellitus,
               followed by hypertension and cardiovascular disorders. Few patients were suffering from renal disorders and cancer. The comorbidities
               were equally affecting (χ2=3.89; P=0.566; df=5) both the male and female patients (Figure  3).
            

            
                  
                  Table 1

                  Effect of health status of males and females on the concentrations of inflammatory markers in blood serum (All values are
                     Mean±SE; Degree of freedom=3; Different letters represent significant differences amongst mean values of health status of
                     subjects)
                  

               

               
                     
                        
                           	
                              
                           
                            Gender

                           
                        
                        	
                              
                           
                            Health status

                           
                        
                        	
                              
                           
                            D-Dimer

                           
                        
                        	
                              
                           
                            Ferritin

                           
                        
                        	
                              
                           
                            IL-6

                           
                        
                        	
                              
                           
                            CRP

                           
                        
                        	
                              
                           
                            PCT

                           
                        
                     

                     
                           	
                              
                           
                            Female

                           
                        
                        	
                              
                           
                            Control (Normal)

                           
                        
                        	
                              
                           
                            453.94±116.01a

                           
                        
                        	
                              
                           
                            26.39±8.20a

                           
                        
                        	
                              
                           
                            4.55±1.35a

                           
                        
                        	
                              
                           
                            4.89±1.51a

                           
                        
                        	
                              
                           
                            44.16±25.42ab

                           
                        
                     

                     
                           	
                              
                           
                            SARS-COV-2 positive

                           
                        
                        	
                              
                           
                            5713.26±906.24c

                           
                        
                        	
                              
                           
                            54.62±16.20b

                           
                        
                        	
                              
                           
                            11.80±3.00 b

                           
                        
                        	
                              
                           
                            55.76±19.49b

                           
                        
                        	
                              
                           
                            52.68±13.54b

                           
                        
                     

                     
                           	
                              
                           
                            Mucormycosis with SARS-COV-2 infection

                           
                        
                        	
                              
                           
                            1883.43±455.79b

                           
                        
                        	
                              
                           
                            45.96±18.13b

                           
                        
                        	
                              
                           
                            13.23±2.76b

                           
                        
                        	
                              
                           
                            44.97±32.28b

                           
                        
                        	
                              
                           
                            23.68±8.00a

                           
                        
                     

                     
                           	
                              
                           
                            Mucormycosis post SARS-COV-2 infection recovery

                           
                        
                        	
                              
                           
                            1903.29±323.34b

                           
                        
                        	
                              
                           
                            106.42±21.13c

                           
                        
                        	
                              
                           
                            16.35±4.36b

                           
                        
                        	
                              
                           
                            56.70±15.32b

                           
                        
                        	
                              
                           
                            32.69±7.90a

                           
                        
                     

                     
                           	
                              
                           
                            Kruskal-Wallis Test

                           
                        
                        	
                              
                           
                           
                              H=19.09; P<0.0001
                              
                           

                           
                        
                        	
                              
                           
                           
                              H=8.75; P=0.033
                              
                           

                           
                        
                        	
                              
                           
                           
                              H=6.59; P=0.086
                              
                           

                           
                        
                        	
                              
                           
                           
                              H=5.27; P=0.153
                              
                           

                           
                        
                        	
                              
                           
                           
                              H=2.31; P=0.511
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                            Male

                           
                        
                        	
                              
                           
                            Control (Normal)

                           
                        
                        	
                              
                           
                            241.98±49.01a

                           
                        
                        	
                              
                           
                            75.30±31.40a

                           
                        
                        	
                              
                           
                            6.99±2.65a

                           
                        
                        	
                              
                           
                            8.17±4.62a

                           
                        
                        	
                              
                           
                            46.28±22.92ab

                           
                        
                     

                     
                           	
                              
                           
                            SARS-COV-2 positive

                           
                        
                        	
                              
                           
                            8899.38±485.73d

                           
                        
                        	
                              
                           
                            310.61±64.86c

                           
                        
                        	
                              
                           
                            21.01±4.85b

                           
                        
                        	
                              
                           
                            92.69±16.20c

                           
                        
                        	
                              
                           
                            59.91±13.18b

                           
                        
                     

                     
                           	
                              
                           
                            Mucormycosis with SARS-COV-2 infection

                           
                        
                        	
                              
                           
                            4627.35±1618.79c

                           
                        
                        	
                              
                           
                            128.60±75.84b

                           
                        
                        	
                              
                           
                            28.86±8.86bc

                           
                        
                        	
                              
                           
                            55.54±27.14b

                           
                        
                        	
                              
                           
                            25.80±11.28a

                           
                        
                     

                     
                           	
                              
                           
                            Mucormycosis post SARS-COV-2 infection recovery

                           
                        
                        	
                              
                           
                            2177.77±455.56b

                           
                        
                        	
                              
                           
                            155.57±39.19b

                           
                        
                        	
                              
                           
                            55.74±23.64c

                           
                        
                        	
                              
                           
                            64.05±16.58b

                           
                        
                        	
                              
                           
                            38.58±16.34a

                           
                        
                     

                     
                           	
                              
                           
                            Kruskal-Wallis Test

                           
                        
                        	
                              
                           
                           
                              H=43.91; P<0.0001
                              
                           

                           
                        
                        	
                              
                           
                            H=8.79; P=0.032

                           
                        
                        	
                              
                           
                            H=16.84; P=0.001

                           
                        
                        	
                              
                           
                            H=6.70; P=0.082

                           
                        
                        	
                              
                           
                            H=8.89; P=0.031

                           
                        
                     

                  
               

            

         

         
               Discussion

            Rhino-orbital mucormycosis is an opportunistic infection that affects the immune-compromised and debilitated patients. Microbiological
               diagnosis, control of underlying systemic conditions and antimicrobial therapies with debridement of necrotic tissues are
               some of the possible strategies to overcome the infection.17, 18 During the screening of patients for the study, we found that patients recovered from SARS-COV-2 infection were more susceptible
               to rhino-orbital mucormycosis than the patients with active SARS-COV-2 infection. The possible reasons may be the correlation
               between SARS-COV-2 infection, the concurrent steroid use and decreased immunity in patients suffering COVID-19, as reported
               earlier by Sarkar.19 SARS-COV-2 infection causes viral-induced lymphopenia and allows therapeutic use of corticosteroids and/or hydroxychloroquine,
               which are likely to impair the phagocytic immune-cell response, the major defense mechanism against mucormycosis.17 This ultimately leads to impairment of bronchoalveolar macrophages migration, ingestion, and phagolysosome fusion, making
               a diabetic patient highly vulnerable to mucormycosis.2

            The infection of SARS-COV-2 virus also causes endothelialitis, endothelial damage, thrombosis, lymphopenia, and reduction
               in CD4+ and CD8+ levels, leading to secondary or opportunistic fungal infections.2 Thus, there are huge possibilities that the extended use of corticosteroids may have weaken the immune system of patients
               recovered from SARS-COV-2 infection, thereby making them more prone to rhino-orbital mucormycosis. 
            

            While females suffering from SARS-COV-2 infection had higher concentrations of D-dimer, the males had higher concentrations
               of D-dimer, ferritin and CRP levels in their blood serum than the other subjects. In addition, the females suffering from
               both rhino-orbital mucormycosis and SARS-COV-2 infection had higher concentrations of ferritin, and the males had higher concentrations
               of IL-6 in their blood serum than the other subjects. The higher concentration of D-dimer and ferritin in blood serum of patients
               suffering from SARS-CoV-2 and/or mucormycosis indicate the severity of the infection. As previously reported, the availability
               of free iron is an ideal resource for mucormycosis,2, 20 Physiological conditions like hyperglycemia causes glycosylation of transferrin and ferritin, and reduces iron binding thereby
               allowing increased free iron. Moreover, increased cytokines in patients with COVID-19 also increases the availability of free
               iron by increasing the ferritin levels due to its increased synthesis and decreased iron transport. The concomitant acidosis
               due to SARS-COV-2 infection also increases the abundance of free iron in blood by reducing the ability of transferrin to chelate
               iron. As a result, the availability of high glucose, low pH, free iron, and ketones in presence of decreased phagocytic activity
               of WBC enhances the growth of mucor leading to mucormycosis.20

            Similar to our findings, the availability of higher concentrations of inflammatory biomarkers (D-dimer, ferritin and CRP)
               in patients suffering from SARS-CoV-2 and/or mucormycosis has also been reported earlier by Selarka21 in Indian population. Their laboratory investigations reported mean D-dimer, CRP and ferritin levels to be 305±335.9 ng/ml,
               76.4 ±55.6 mg/L and 357.0±280.3 ng/mL, respectively. The healthy subjects (males and females) had lowest concentrations of
               inflammatory biomarkers in their blood than the infected subjects. 
            

            Although, in our study the concentration of PCT was similar in majority of the subjects; however, contrary to our findings
               previous studies have reported that serum PCT levels increase as SARS-CoV-2 infection worsens.22, 23 As patients recover from the infection, both high-normal and abnormal PCT levels decrease.13 However similar to our findings, Roques reported no increase or only a slight increase in PCT, which remained well below
               the threshold range in patients suffering from mucormycosis. 
            

            Our study has further revealed that half of the patients suffering from rhino-orbital mucormycosis were having no previous
               history of comorbidity. They were either COVID-19 positive or had a previous history of SARS-COV-2 infection. Perhaps, the
               ccorticosteroid therapy, history of pulmonary infection due to COVID-19 and use of broad-spectrum antibiotics may have been
               the possible factors for the emergence of frequent invasive fungal infections in patients without any previous comorbidity
               history.24, 25

            The other affected patients were found to be suffering from diabetes mellitus, followed by hypertension and cardiovascular
               disorders. Some patients were also suffering from renal disorders and cancer. The most common underlying disease in our study
               was diabetes mellitus. Since diabetes mellitus causes impaired neutrophil function, microvascular insufficiency, and other
               metabolic abnormalities in case of ketoacidosis, the disease therefore promotes the fungal growth.26, 27 Members of Rhizopus species contain an active ketone reductase system and thrive in high glucose and acidotic conditions.
               While the normal serum inhibits the growth of Rhizopus species, serum of diabetic ketoacidosis patients stimulates its growth.28 Hence, patients with diabetes mellitus are more prone to develop rhino-orbital mucormycosis in presence of SARS-COV-2 infection.
               
            

            Patients with hypertension, cardiovascular disorders and renal diseases are simultaneously associated with diabetes mellitus.
               Consequently, such patients are at a higher risk of developing rhino-orbital mucormycosis. Patients with hematological malignancies
               have also been reported to develop rhino-orbital mucormycosis26, 29 have reported that COVID-19 accompanied with immune-compromised states such as long-standing diabetes, HIV or tumors are
               more likely to develop fungal coinfections.
            

            Results of present study have further shown that between the male and female subjects, males are at higher risk of developing
               rhino-orbital mucormycosis. Although comorbidities like diabetes mellitus, hypertension, cardiovascular or renal disorders
               have not shown any gender-specific variation, but we found higher concentrations of inflammatory markers in males than the
               females in our study. The differences may arise due to variations in body architecture and basic physiology, hormone profiling,
               stress tolerance capacity and general immunity of males and females. The occupational and life-style differences in Indian
               males and females may also be responsible for the males to have higher chances of infections than the females. Hence, more
               studies are needed in such directions. 
            

            Our results are in conformity with those reported earlier by Selarka2, 19 and Singh, whereby they found a higher prevalence of rhino-orbital mucormycosis in males, both in active or recovered from
               COVID-19. However, contrary to our findings,30 have reported no gender-specific differences in patients suffering from rhino-orbital mucormycosis. In addition, previous
               studies have also reported no association between age and severity of rhino-orbital mucormycosis.17

         

         
               Conclusion

            The present study therefore suggests that the frequent occurrence of rhino-orbital mucormycosis in India during the second
               wave of COVID-19 was possibly due to the indiscriminate use of corticosteroids by COVID-19 patients. Poor dietary control
               and lack of medical care during lockdown phase were the other possible factors for the quick development of the infection.
               Subjects with previous history of comorbidities like diabetes mellitus, hypertension, cardiovascular disorders and renal diseases
               are the most susceptible population groups for developing the infection. In addition, males are at higher risk of developing
               mucormycosis than the females. Although we are still exploring the other possible reasons for upsurges in cases of rhino-orbital
               mucormycosis during COVID-19 pandemic; however, future studies are highly needed to quantify the safe doses of corticosteroids
               against COVID-19 induced mucormycosis, their modes of administration and associated risks in both male and females of variable
               age groups and with different comorbidities.
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