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Abstract: This comprehensive study delves into the epidemiological patterns, risk factors, and clinical manifestations of COVID-19 

Associated Mucormycosis CAMCR during the pandemic, shedding light on critical insights and lessons for future healthcare strategies. 

Analyzing data from a single institution, predominantly from Gujarat, India, this research underscores the prominent role of steroids in 

CAMCR development, emphasizing the need for prudent steroid usage and diligent glycemic control. Additionally, it explores potential 

contributing factors such as oxygen therapy, tocilizumab, remdesivir, and broad-spectrum antibiotics. The study highlights the necessity 

of strengthened primary healthcare, awareness campaigns, and rigorous monitoring to prevent this devastating condition. Through a 

multidisciplinary approach, this research aims to inform healthcare practitioners and policymakers about CAMCRs complexities and 

provide a roadmap for prevention and management in future healthcare crises. 
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1. Introduction 
 

Coronavirus Disease 2019 (COVID-19) caused by the novel 

SARS-CoV-2 took its origin in December 2019 in Wuhan, 

China. The next couple of months observed its global spread 

with it taking the form of a pandemic. The attempts at 

recovering from the effects brought by this dreadful 

infection were only complicated further by the sudden 

upsurge of secondary infections. The state of Gujarat along 

with isolated parts of western and northern India witnessed 

an explosion in the cases of Mucormycosis, to the extent that 

it was declared an epidemic [1]. In this article we aim to 

study the epidemiology, risk factors, and clinical profile of 

this debilitating disease. 

 

2. Methods 
 

The design of the study was non interventional, 

observational, analytical and cross sectional. Patients 

meeting the inclusion criteria and admitted in the months of 

May and June 2021 were identified and included in the 

study. The ethics committee approval was obtained. Patients 

diagnosed with ROCM on histopathology and/or KOH 

mount and/or culture report and/or MRI (in absence of a 

laboratory confirmation)AND having a past history of 

COVID-19 diagnosed using RT-PCR and/or RAT and/or 

HRCT(in only symptomatic cases) within three months of 

onset of symptoms of mucormycosis were considered. 

Amongst these patients, those over 18 years of age and 

consenting to participate were included. Data was collected 

by a combination of patient interviews and a review of their 

COVID-19 - ROCM treatment records. Subjects were 

interviewed on a structured questionnaire using google 

forms. The data was analysed for rates, ratios and 

proportions using google sheets. The cases were staged for 

the severity of the disease on the basis of MRI reports using 

the staging system proposed by Honavar. [2] 

 

The observed trends were compared with previously 

published studies to draw useful inferences. 

 

3. Results 
 

Demographics 

In the months of May and June 2021, our institution 

provided care to 152 patients of Rhino-Orbito-Cerebral 

Mucormycosis (ROCM). The data of these patients was 

collected and analysed. The majority of the patients were 

from Gujarat (94%, n=143), rest were from Rajasthan (n=8), 

Madhya Pradesh (n=1). The median age of the patients was 

50.5 years (range, 27-75 years). A male preponderance was 

observed, with males at least twice as commonly affected as 

females (ratio, 2.2:1). 

 

COVID-19 Correlation 

 

Positivity 

Patients tested positive for COVID-19 on RTPCR, RAT or 

HRCT were considered. Of these, 83.6% (n=127) had a 

positive history of COVID-19 or were tested positive at the 

time of admission for mucormycosis. Rest were negative but 

had a HRCT report suggestive of COVID-19 pneumonia.  

  

Over three-fourths of our patients (87%, n=111) were 

diagnosed as COVID-19 positive either on the basis of 

RTPCR, RAT, or a combination of multiple diagnostic 

modalities.The rest of the patients were diagnosed as 

COVID-19 positive and received treatment for, solely on the 

basis of HRCT. 

 

Treatment center 

14.5% had obtained home based treatment, 73.7% received 

treatment at a hospital for COVID-19. Of those hospitalized, 

77.7% had received care from private hospitals and 22.3% 

from government funded hospitals. 

 

HRCT Chest score 
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The HRCT Chest score was available for 104 patients. The 

median hrct score according to the chest ct scoring (out of 

25) was 12 ±  5.4 and according to CT-SS scoring (out of 

40) was 16 ± 9.3. 

 

Steroid 

More than one-half (56%, n=85) of the patients had received 

steroids in either oral or parenteral form, as a part of 

treatment for COVID-19. 90.59% received them at a 

hospital while 9.41% received them at home. Of the total 

patients who had received steroids, 86% presented with 

hyperglycemia on admission for mucormycosis, of which 45 

% patients did not have an established diagnosis of diabetes. 

58.82% of who received steroids also received oxygen and 

41.18% of who received steroids did not receive oxygen. 

Majority of our patients were treated for COVID-19 at 

private hospitals, of which 75% had received steroids. 

However, considering oxygen requirement as a marker of 

severity, only two-thirds of these patients received it along 

with steroids. 

 

 
Figure 1 

 

Oxygen 

46.7% (n=71) patients had received oxygen via various 

methods during their hospitalisation for the treatment of 

COVID-19.  

 

Remdesivir 

42.1% patients (n=64) had received Remdesivir. The median 

dose was 600mg. 

 

Tocilizumab 

Only two patients had received Tocilizumab. 

 

Clinical Presentation and Features 

The symptoms were categorised into five categories namely, 

ocular, oral, nasal, facial, and cerebral. Table I shows the 

frequency of symptoms for individual categories. 

 
  Ocular Facial Oral Cerebral Nasal 

(n) 65 42 37 27 12 

 

The most frequently observed complaints were periorbital 

swelling, facial pain, headache, toothache and pain in the 

eyes. 

The median duration of symptoms at presentation was 7 

days. 

 

 

 

 

 

 

 

Table II 
Category Symptom n 

Ocular 

Periorbital swelling 37 

Eye pain 17 

Diminution of vision 10 

watering 6 

ptosis 5 

Double vision 4 

Blurring of vision 3 

Lid weakness 1 

Nasal 

Nasal blockage 5 

Bleeding from the nose 3 

Nasal discharge 3 

Swelling over nose 2 

Nasal pain 1 

Bad smell 1 

Oral 

toothache 19 

Tooth mobility 7 

Oral ulcer 5 

Palatine pain 3 

Jaw edema  3 

Blackish lesion 2 

Facial 

Facial pain 28 

Facial swelling 14 

Facial numbness 11 

Headache   26 

Dizziness   1 

 

Time interval between diagnoses 

The median interval of time between the diagnosis of 

COVID-19 and onset of symptoms of mucormycosis was 14 

± 12 days (range, 0 - 57 days) (n= 84). Approximately 18% 

of patients were diagnosed with ROCM within 7 days of 

diagnosis of COVID-19 and 80% within 14 days. 
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Figure 2 

 

Diagnosis of COVID-19 associated ROCM 

Patients who were positive for or had a HRCT chest report 

suggestive of COVID-19 pneumonia were further diagnosed 

for Mucormycosis on the basis of histo-pathology report, 

potassium hydroxide mount studies, culture reports or MRI 

findings. 90% of patients were diagnosed on the basis of 

histo-pathology report. KOH mount was done for 41% 

patients. Culture was done for less than 10% of patients. In 

cases where tissue sampling was negative for invasive 

fungal disease, robust clinico-radiological evidence guided 

the management according to ROCM protocol. 

 

 

Anatomical and Radiological Involvement 

The magnetic resonance imaging reports of the patients were 

analysed to study the involvement of various structures. 

Bilateral involvement of the sinuses was more frequent than 

unilateral involvement, with bilateral maxillary sinuses 

being involved most frequently. In cases of unilateral 

involvement, the most common sinus affected was left 

frontal. In cases with orbital involvement the most common 

sinus involved was bilateral maxillary. In the orbit, 

unilaterality(left > right) was more common than bilaterality. 

Pansinusitis was seen in 17% (n=21). 15% of patients with 

orbital involvement and 3.7% of patients with CNS 

involvement had pansinusitis. 

 

 
Figure 3 
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Figure 4 

 

A MRI staging system based on the anatomical progression 

of the disease from point of entry to at nose till the brain, 

proposed by Honavar, was used to study the severity of 

ROCM in our series.  According to it, the most common 

stage in our series was 2D followed by 3C. [2] 

 

Comorbidity 

Of the 137 patients presenting with hyperglycemia on 

admission for ROCM, 52% (n=71) were a known case of 

diabetes with a median duration of 6 years. Majority (n=61) 

of these patients were on oral hypoglycemic agents. The rest 

were on insulin (n=4) or a combination of both insulin and 

OHA (n=4.  3 patients were not on any medication for 

diabetes. Half of the 48% patients who were hyperglycemic 

on admission without established diagnosis of diabetes had a 

documented history of receiving steroid therapy. Overall, of 

the patients who had hyperglycemia on admission, the ratio 

of those who had received steroids to those who had not was 

3:1. In stage 2D, 91% were diabetic and 60% had received 

steroids. In stage 3C, 93% having diabetes and 88% having 

taken steroids. 

 

4. Discussion 
 

Invasive Rhino-Orbital-Cerebral Mucormycosis was a rare 

fungal disease before the recent epidemic. It belongs to the 

family mucoromycotina and has three genera which are 

usually implicated in the disease namely Rhizopus, Absidia 

and Mucor. Two studies, one of Iran and another of Japan 

have reported mucormycosis more commonly in months of 

autumn to September whereas in India the cases are more 

commonly reported post rainy season and in the autumn 

months [3].  

 

Various risk factors have been studied in relation to this 

fungus. Out of these, diabetes mellitus and malignancies 

have been most widely studied. Apart from this, the organ 

transplants, which leave patients immunocompromised, are 

also implicated. In a study conducted in France, out of 101 

patients of mucormycosis, 50% had a hematological 

malignancy, 23% had diabetes mellitus and 3% had 

undergone solid organ transplant [4]. A study similar to this 

conducted in India suggested that out of 173 cases of 

mucormycosis, 73.6% cases occurred in diabetics [5]. The 

most important predisposing factor in the causation of 

mucormycosis has been the use of steroids. Steroids lead to 

double trouble. At one end they cause blunting of the host 

defense mechanisms by decreasing the host cell 

phagocytosis and at the other end they lead to 

hyperglycemia which leads to mucormycosis. There has 

been a case of pulmonary mucormycosis reported in a 

patient of well controlled diabetes mellitus who developed 

hyperglycemia due to steroid use [6, 7, 8]. The use of 

ventilation systems and its contamination[9], contaminated 

hospital linen [10], iron overload in patients [11], use of iron 

chelators and high serum iron levels[12] have also been 

implicated to be a risk factor in causation of the disease. In a 

review of the available literature on COVID associated 

mucormycosis, the study concluded that 43% of patients 

who were admitted for COVID associated mucor, had 

uncontrolled diabetes at presentation [9]. Another study 

showed that out of 23 COVID associated mucor cases, 21 

had diabetes and out of which 12 had uncontrolled diabetes 

and 9 had controlled diabetes [10]. In another study on 

orbital mucormycosis, the 10 patients who were studied, all 

diabetic, 9 out of them had presented with DKA [13]. 

Increase in glucose levels upregulates the action of GRP 78 

[14], which is the fungus binding receptor in humans. 

Another factor which upregulates the action of the GRP 78 

receptor is the acidosis in the body [14]. This acidosis can 

result from DKA or in the present scenario, COVID-19 

associated CO2 retention. However COVID associated 

mucormycosis has also been seen in patients with well 

controlled diabetes [15] [16]. This underlines the need for 

further research in the subject of risk factors of COVID-19 

associated mucormycosis. COVID-19 has seen a rise in the 

use of corticosteroids. Steroid use had already been a risk 

factor for COVID-19 and now various case studies show 
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that steroid use is a major predisposition for COVID-19 

associated mucormycosis [6, 15, 16, 17, 18, 19, 20].  

 

Clinically COVID-19 associated mucormycosis presents as 

rhino orbital cerebral mucormycosis (ROCM) [15, 16, 17, 

19, 21, 22], pulmonary mucormycosis [23, 24], cutaneous 

mucormycosis, disseminated mucormycosis and rarely 

Gastrointestinal mucormycosis [25] and invasive hepatic 

mucormycosis [26]. Isolated renal mucormycosis [27] has 

also been reported, although not in association with COVID-

19 pneumonia. 

 

ROCM and pulmonary mucormycosis are found to be the 

most common presentations in patients of diabetes mellitus 

and isolated pulmonary and disseminated mucormycosis 

were most frequent types in patients of hematological 

malignancies [4].  

 

Epidemiology 

In a large multi-institutional study conducted in India on 

2826 patients [28], the mean age of COVID-19 associated 

Mucormycosis was 51.9 years with a male preponderance 

(71%). In our single institution study the median age of the 

patients was 50.5 years with male preponderance (68%).  

 

Potential risk factors 

 

Oxygen: 

In the COSMIC study[28], the history of oxygen therapy 

was seen in 56.7% patients. In our study it was seen in 

46.7% of patients. However, all of these patients had either 

received steroids or were a known case of diabetes or 

presented with hyperglycemia on admission. This suggests 

that oxygen may not be an independent risk factor for 

COVID-19 associated Mucormycosis. On the contrary, 

fomites such as reused oxygen masks, contaminated bed 

linen and ventilation systems might be more probable 

suspects than oxygen. An interesting point to consider is the 

reuse of disposable face masks or contaminated cloth masks 

as a potential spreader of mucormycosis.  

 

Remdesivir: 

64 out of 152 CAMCR patients had received Remdesivir 

therapy. The doses of 42 of these patients were known. The 

median dose of Remdesivir was 600mg (range, 100-900mg), 

over 5 days, which is in keeping guidelines [29]. 9 patients 

had received only the loading dose (200mg) on day 1. This 

may reflect an acute shortage of the drug in India during the 

pandemic. There was not a single patient who had received 

Remdesivir without concurrently receiving steroid or oxygen 

therapy or being hyperglycemic at admission, which makes 

commenting on its role in Mucormycosis difficult. 

 

Tocilizumab: 

In our study 2 patients had received Tocilizumab for 

COVID-19. However, they had a history of steroid therapy 

as well as presented with hyperglycemia on admission. In 

presence of such strong risk factors for CAMCR, it is 

difficult to comment upon the association between 

Tocilizumab as a risk factor for Mucormycosis. Both these 

patients had also received Remdesivir along with oxygen 

and steroids. Further research is needed regarding the 

isolated use of remdesivir and tocilizumab on the patients of 

COVID-19 and their risk of getting mucormycosis.  

 

Steroids: 

The COVID-19 pandemic saw a multitude of treatment 

options. However none were considered as effective as the 

use of steroids. The Indian Council of Medical Research 

guidelines classified patients of COVID-19 into three 

severity categories based mainly on oxygen saturation levels 

[29]. The patients in the mild severity category were advised 

home based symptomatic treatment without the use of oral 

or injectable steroids or oxygen therapy. In our study, 85 

patients had a history of exposure to steroids during 

treatment of COVID-19. Of those who were admitted at a 

government setup, 44% received steroids as compared to 

75% of patients admitted to a private setup. Assuming that 

hospitals in India closely followed the guidelines provided 

by ICMR, there appears to be a significant difference in the 

occurrence of Mucormycosis in COVID-19 patients 

admitted in government setups vs private hospitals. This is 

reflective of the easy hand with which steroids are dealt with 

in the private setups. Approximately one third of 21 patients 

who did not require hospitalisation and were treated at 

home, received steroids. All of these, except one, had 

presented with hyperglycemia at admission (n=7) and only 3 

were on anti diabetic medication. The use of steroids without 

hospitalisation and proper monitoring of blood sugar levels 

could be one of the reasons for the mucor epidemic in India. 

Approximately 41% (n=35) patients were administered 

steroids without them being a candidate for oxygen therapy. 

In the private hospitals, one-third of the patients received 

steroids but had no oxygen requirement. This suggests the 

overcautious use of steroids as a possible contributing factor 

in the causation of mucormycosis. For every patient who had 

mild COVID-19, the steroid therapy was started within the 

first five days of the symptoms. This might have been the 

possible mechanism of weakening of the immune system 

creating a fertile bed for mucormycosis. Mucormycosis is 

known to thrive in hyperglycemia. 86% of the patients who 

were administered steroid therapy had hyperglycemia on 

admission. Injudicious use of steroids might be implicated as 

another reason for the increase in the cases of 

mucormycosis.  

 

However, the ICMR guidelines on COVID-19 treatment do 

not mention the caution to be taken while prescribing 

steroids in terms of its maximum permissible dose and 

duration. Hence this highlights the importance of thorough 

guidelines to prevent such occurrences. [30] 

 

Hyperglycemia and diabetes: 

Diabetes and hyperglycemia have been implicated time and 

again as the risk factor for mucormycosis. In a case series 

from India, 74% of patients had an underlying diagnosis of 

uncontrolled diabetes, of which 43% were undiagnosed [31]. 

In studies previously conducted in India [32-40], the mean 

percentage of diabetics was 63.3% (range, 53.6 - 76.3%). A 

study conducted in the state of Gujarat with 27 patients 

found 55.6% of patients to be diabetic. In our case series, 

51.8% were diabetic. A majority of the patients in our series 

(90%) had presented with hyperglycemia. Approximately 

one-half of patients (48.2%) had hyperglycemia but were not 

established diabetics. Out of these patients, 50% had a 
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history of steroid therapy. Such a significant number of 

patients might point towards steroid induced hyperglycemia. 

The other influencing factors may be the diabetogenic 

potential of SARS-CoV-2[41] and the underdiagnosis of 

diabetes in Indian communities reflective of the typical 

iceberg phenomenon. Additionally, of those patients who 

received neither oxygen nor steroids, 95.24% were diabetic. 

This proves beyond doubt that diabetes must be an 

independent risk factor for mucormycosis and underlines the 

need to improve the primary healthcare and awareness 

among the patients regarding diabetes and urge them to be 

screened for it. 4 % patients who had a known case of 

diabetes were not on any medication for it, which is 

representative of the non compliant patients. Hence an 

emphasis should be laid on ensuring adherence to the blood 

glucose management. The present guidelines of COVID-19 

management must ensure incorporation of adequate blood 

glucose monitoring of the patients.   

 

Unexplored risk factors  

There are other possible unexplored risk factors for 

mucormycosis which need to be explored further. First is the 

commentary on changing the nasal microflora as a reason 

for growth of mucor. This could be due to the use of broad 

spectrum antibiotics, oxygen therapy, oxygen humidification 

and corticosteroid use. [42]  

 

Second, the unhygienic practice of handling and reusing face 

masks to the point of their contamination could serve as a 

possible source of infection. Third is the reuse of oxygen 

masks and bipap circuits in hospitals. A lot of anecdotal 

evidence suggests that there had been rampant reuse of 

oxygen delivery equipment without ensuring proper 

disinfection. 

 

Timing of Occurrence 

In a nationwide study conducted in India on 2826 ROCM 

patients (COSMIC) [28] the mean interval between 

diagnosis of COVID-19 and first symptom of ROCM was 

14.5 ± 10 days and median duration of 13 days, with 56% 

patients developing symptoms within 14 days. In our study 

the median interval was 14 days(± 12 days) with 80% 

patients developing symptoms within the first 14 days. A 

spike was noted on day 12 in a range from days 0-57. Since 

cases were recorded until 2 months after the diagnosis of 

COVID-19, follow-up of patients treated for COVID-19 

should be conducted. Patients must be educated about the 

signs and symptoms of Mucormycosis and encouraged to 

seek immediate care. Information should be disseminated in 

the form of pamphlets at the time of discharge. 

 

Signs and symptoms  

Periorbital swelling, facial pain, headache, tooth pain and 

eye pain were the most frequently encountered symptoms in 

the patients of our study. General practitioners must keep a 

high degree of suspicion of mucormycosis in patients 

presenting with these symptoms, especially with a history of 

COVID-19.  

 

80.48% patients had bilateral involvement of paranasal 

sinuses. Approximately three-fifths of these patients 

progressed to involve the orbits. About one-fifths of these 

had brain involvement. 

Amongst patients with CNS involvement, the most 

frequently affected site was cavernous sinus (15 out of 26) 

and the most commonly associated paranasal sinus was 

maxillary. Only 3 patients had CNS involvement along with 

bilateral paranasal sinuses without any orbital affection. 

Hence a high index of suspicion for brain involvement 

should be maintained in cases with bilateral paranasal sinus 

involvement irrespective of the orbital affection. In 4 out of 

the total cases of CNS involvement, non hemorrhagic 

infarcts were noted. This may be explained by the 

angioinvasive nature of the fungus leading to occlusion and 

infarction.  

  

Lessons for 3rd wave of COVID-19 

As of today, the pendulum of cases of COVID-19 is 

swinging between overall increase and decrease and there is 

an expectation of it gaining endemicity between waves. The 

analysis of the Mucormycosis epidemic would therefore be 

futile if the lessons are not learnt. First, the overzealous use 

of steroids as a risk factor cannot be emphasized upon more. 

The need for a guideline highlighting the maximum 

permissible dose and duration of steroids in the treatment of 

COVID-19 may help in reducing the cases of 

Mucormycosis. Second, strict glycemic control in patients of 

steroid therapy is crucial. Apart from providing a scrupulous 

guideline to manage COVID-19, the government along with 

ICMR should also construct a glycemia control protocol. 

The authors recommend instituting a Diabetes Control Task 

Force (DCTF) to monitor and course correct the glycemic 

control protocol of various hospitals managing such patients. 

Mechanisms should be set in place to counsel diabetics and 

take their telephonic follow-ups regarding control of their 

sugar levels. Third, strengthening of primary healthcare by 

training the primary care physicians, ASHA workers, multi-

purpose health workers to create awareness, diagnose and 

guide the patients with symptoms of COVID-19, 

mucormycosis, and diabetes. This initiative can be extended 

to the household level with health workers screening for 

blood sugar with point-of-care devices. The authors 

observations of the use of face masks beyond their lifespan 

and the careless handling of such masks leading to 

contamination could be a preventable risk factor in the 

occurrence of mucormycosis.  

 

5. Limitations 
 

Our data was collected from a single institution in a time 

bound fashion. A collaborative study including institutions 

from all over India carrying out the research over a longer 

time frame would be much more representative of the 

incidence and recurrence of CAMCR. A more detailed 

disease study would have helped to understand the disease 

progression better. Also the data suffers the systemic 

problem of poor record keeping by healthcare professionals. 

Surprisingly, private setups had a relatively incomplete 

documentation and hastily prepared discharge summaries. 

Species specific data was not available. The role of the 

living conditions of the patient in causation of 

Mucormycosis could not be commented upon because of 

lack of data regarding their socio-economic status. Data 

regarding education or the lack thereof in patients would 

have enabled us to describe its role in compliance, hygiene, 

follow-up, and awareness of the disease. A more rigorous 
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documentation of steroid dose and duration could have 

helped us better analyse its dose response relationship with 

Mucormycosis. 

 

6. Conclusion 
 

COVID-19 associated mucormycosis predominantly 

affected middle aged males. Steroid has been widely used as 

a life saving drug in COVID-19 pneumonia, but it has 

proven to be a double edged sword because it may also have 

led to the highly morbid condition of mucormycosis. 

Effective counselling of the patients regarding dose and 

duration of the steroid drug is paramount along with 

meticulous monitoring of its use and follow up for its 

adverse effects. The mucormycosis epidemic has highlighted 

the importance of glycemic control during the use of 

steroids. Also, strengthening the screening programme for 

diabetes mellitus at primary healthcare level is the need of 

the hour. However, along with the above mentioned risk 

factors, oxygen therapy, tocilizumab, remdesivir, zinc, broad 

spectrum antibiotics and ivermectin are other potential 

causatives which need to be examined further. 

 

Periorbital swelling, facial pain, toothache, eye pain and 

facial swelling were the most commonly occurring 

symptoms of mucormycosis which need to be looked into 

with high degree of suspicion. The diagnosis for 

mucormycosis is based on an MRI scan which needs to be 

appropriately followed by nasal endoscopy to obtain 

specimens for histopathology, KOH mount and culture study 

to establish the diagnosis and ascertain the species. The 

ROCM management needs teamwork of general physicians, 

otorhinolaryngologists, ophthalmologists, pathologists and 

radiologists. Ideally a task force needs to be in place to guide 

the team. 

 

In the end, our entire analysis should be able to drive home 

the point that rational use of steroids, dutiful glycemic 

monitoring, and robust primary healthcare will enable us to 

prevent the occurrence of such a health catastrophe. 
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