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Abstract 
Mucormycosis is a fungal infection which is caused by a rare type of opportunistic fungal 
pathogen called mucormycetes. It is a serious and potentially fatal fungal infection. A wide 
range of bacterial and fungal co-infections have been associated with COVID 19. The second 
wave of COVID 19 showed a sudden surge in mucormycosis. The most commonly observed 
form was rhino cerebral mucormycosis. Most of the patients had diabetes as a pre-disposing 
factor and had received steroids, oxygen therapy, biologicals and antibiotics as a part of 
treatment of COVID 19. COVID 19 in itself favours the growth of mucormycosis owing to 
the weakened immune system. While the diagnosis of mucormycosis still remains 
challenging the treatment mainly aims at managing co-morbid condition in high-risk group, 
anti-fungal therapy using Amphotericin B and azoles and surgical debridement.  
In this article, we analysed, 71, histopathologically confirmed cases of mucormycosis 
associated with COVID 19 admitted and studied their clinical profile and risk factors 
associated with it. 
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Introduction 

Mucormycosis is a rare fungal disease 
arising from the activity of organisms that 
belong to the Mucorales order, with Mucor 
spp., Rhizomucor, Leichtheimia spp. and 
Rhizopus being among the most notable 
causative agents[1]. The fungi normally 
thrive in soils, rotten wood, as well as 
decaying organic matter from compost 

piles and leaves. The disease is more likely 
to occur under immunocompromised 
condition as people are exposed to the 
spores of these microbes[2]. That said, 
mucormycosis may also evolve or get 
exacerbated after the occurrence of natural 
disasters, as well as where underlying 
medical conditions/events like diabetes 

http://www.ijpcr.com/


International Journal of Pharmaceutical and Clinical Research                          ISSN: 0975-1556 

 
Kirloskar et al.                   International Journal of Pharmaceutical and Clinical Research  

213 
 

mellitus, hematologic malignancies, severe 
trauma, and solid organ/hematopoietic 
stem cell transplantation exist[3,4,5,6,7]. 
The disease is characterized by infarction 
of tissues and necrosis, even as the 
causative agents show a high tendency for 
angioinvasion[8]. It is, however, not 
unlikely to see various manifestations of 
the disease a situation that is reflected in 
the varied clinical presentations. Based on 
the localization; mucormycosis may be 
gastrointestinal, pulmonary, cutaneous, 
sinusitis – which could involve rhino-
cerebral, rhino-orbital or pansinusitis – and 
it may even be disseminated[9]. More so, 
these variations also have an impact on the 
mortality rates; 70 – 90% mortality rate in 
cases of disseminated mucormycosis and 
20 – 50% mortality rate in localized 
cases[9,10,11]. Generally, death appears to 
be unavoidable in the instances where 
mucormycosis is left untreated[9]. 
The outbreak of COVID-19 yet create a 
concern as per the prevalence of 
mucormycosis. This is primarily due to the 
availability of the enabling environments 
such as elevated glucose levels, 
hyperglycaemia, elevated ferritin levels, 
decreased count and activity of white 
blood cells, hypoxia, diabetic ketoacidosis, 
and metabolic acidosis which trigger the 
germination and/or growth of the 
spores[12]. More specifically, the severe 
inflammatory reaction and diffuse alveolar 
damage cause a decline in the CD4+ and 
CD8+ T cell count in COVID-19 patients, 
and this raises the susceptibility to an array 
of fungal infections[13,14], including 
mucormycosis which has an incidence rate 
of 0.005 in 1.7 million persons[15].   

Material and methods: 
A retrolective observational study was 
carried out in the MUCOR ward under 
Department of General Medicine in a 
tertiary care Institute from a period of 
FEBRUARY 2021 TO JULY 2021. 
Eligibility criteria: 
A] Inclusion Criteria: 
1) All adult patients >18 yrs. of age 
2) All histopathologically diagnosed 
mucormycosis cases with a history of RT-
PCR positive or who is RT-PCR positive. 
B] Exclusion Criteria: 
1)Mucormycosis in covid 19 negative 
patients. 
2)Any documented evidence of 
mucormycosis in the past. 
71 patients fulfilling the above criteria 
were included in our study. The clinical 
profile of mucormycosis in COVID 19 and 
how mucormycosis patients responded to 
treatments, with reference being made to 
data from MRI/CT scans, KOH report, 
histopathological examination, and 
Hb1AC test were studied. The disease 
severity was also assessed based on 
Neelam Vaid et al[16]. A proposed 
grading system and experience of COVID 
19 associated rhino orbito cerebral 
mucormycosis from an Indian tertiary care 
centre. The risk factors contributing for 
mucormycosis in covid 19 like diabetes 
mellitus, steroids, oxygen requirement 
during covid treatment were also assessed 
in this study. 
Presentation of finding and results:

  
Table1: showing sample characteristics 

Patient characteristics N (%) 
No. of (COVID-19) patients 71 (100) 
Mean age 47.68 
Gender             M 
                                              F 

54 (76.05) 
17 (23.94) 

Mean length of hospitalization (in days) 27.32 



International Journal of Pharmaceutical and Clinical Research                          ISSN: 0975-1556 

 
Kirloskar et al.                   International Journal of Pharmaceutical and Clinical Research  

214 
 

Survival rate 60 (84.5) 
Death  11 (15.49) 
Mucormycosis 71 (100) 
Comorbidities  
Diabetes mellitus 
Hypertension 
Hypothyroidism 
Cerebrovascular accident 
Ischemic heart disease 
Acute kidney injury 
Acute renal failure 

 
48 (67.60) 
9 (12.67) 
3 (4.22) 
2 (2.81) 
1 (1.4) 
1 (1.4) 
1 (1.4) 

Diabetes  
Pre-existing DM 
Recent DM 
NO 

 
13 (18.3) 
40 (56.33) 
18 (25.35) 

 
The table above shows the characteristics 
of the sample population whose mean age 
is 47.68 years, 76.05% of them being male 
and the remaining 23.94% (17) being 
female. The mean length of days in the 
hospital is 27.32; the highest number of 
days a patient stayed in the hospital was 
for 60 days while the least is 5 days – 
although this particular patient left the 
medical centre against medical advice. 

There were 4 other patients that left the 
hospital against medical advice. Diabetes 
mellitus is the most prevalent comorbidity 
in this study as 67.60% of the patients had 
it, while hypertension is the second 
prevalent co-morbidity (12.95%). 56.33% 
(40) of the diabetes incidence were recent 
cases while the other 18.30% (13) were 
pre-existing ones.  

 

 
Figure 1: Showing the occurrence of mucormycosis 
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The figure above here shows the frequency 
at which different symptoms of 
mucormycosis occurred. Pain was the 
most commonly reported symptom, and 
this affected body parts like the jaw, face, 
eye, nasal and dental aspects. Aching 
sensation was the next frequently most 
occurring symptom with the head, tooth, 
ear, and jaw affected. Swelling over the 
eye, gum, cheek, preorbital space, face, 
and palate was also common. Some 
patients also reported bouts of eye ptosis, 
nasal discharge, eye watering, numbness, 
and nasal blockage loss/impairment of 
vision. There were yet instances where 
some patients had nasal bleeding, 
epistaxis, dizziness, oral ulcer, weakness, 
and breathlessness.     
MRI/CT scans. The MRI/CT scans reveal 
that more than half of the patients – about 
52.11% (37) – had sinusitis which affected 
the paranasal, maxillary, sphenoidal, 
ethmoidal and sinonasal spaces. Even 
more so, maxillary sinusitis occurred along 
with obliterated ostiomeatal complex in 
one instance. Again, occasions exist where 
sinusitis evolved with intracerebral, and 
intraorbital extensions. Erosions of the 

regions such as the maxillary sinus, 
sphenoid, ethmoid sinus, medial wall of 
the orbit and alveoli wall were also 
observed. Cellulitis was found to spread 
across the orbital, infraorbital and fascial 
spaces in a couple of patients. Mucosal 
thickening of the maxillary, sphenoid, 
ethmoid and frontal sinus, as well as 
granuloma, acute multiple infarct and 
internal carotid artery occlusion were 
found to appear less often. 
Histopathological examination:  
Based on the histopathological 
examination of the tissue specimens of the 
patients, nasal mucormycosis was found to 
be the most predominant with 64.79% (46) 
of the patients affected. This was followed 
by maxillary mucormycosis and orbital 
mucormycosis which affected 36.61% (26) 
and 15.49% (11) of the patients 
respectively. 9.86% (7) of the patients, 
however, had palatal mucormycosis. 
Occurring at a lesser frequency are orbital 
mucormycosis, middle meatus 
mucormycosis, teeth mucormycosis, 
nasolacrimal duct mucormycosis and 
aspergillosis. 

 
Table 2: HbA1c results in mucormycosis patients 

HbA1C (%) Patients 
4 – 5.9 13 (18.30) 
6.0 – 6.4  5 (6.25) 
6.5 – 7.9  24 (33.80) 
≥ 8.0 27 (38.02)   

 
The HbA1C result shows that 18.30% (13) 
of the patients had good to excellent score. 
Another 6.25% (5) of the patients had 
HbA1C between the prediabetic range 
even though two of those in this group 
already had diabetes. 33.80% (24) of the 
patients were observed to have HbA1C in 

the abnormal (diabetic) range [of 6.5 – 
7.9], and it is interesting to note that two 
patients who had no history of diabetes 
mellitus were among this group. Finally, 
38.02% (27) – including one patient not 
having diabetes mellitus – had HbA1C of 
8 and above. 
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Table 3: Interventions 
Mucormycosis  No. of patients (%) 
Amphotericin  71 (100) 
Posaconazole  42 (59.15) 
Piperacillin-Tazobactam 6 (8.45) 
Ceftriaxone 51 (71.83) 
Cefotaxime  1 (1.4) 
Surgical procedures 
Functional endoscopic sinus surgery 
Debridement  
Septoplasty  
Concha excision 
Craniotomy  
Maxillectomy  
Exenteration  

 
 
71 (100) 
20 (28.16) 
12 (16.90) 
1 (1.4) 
1 (1.4) 
24 (33.80) 
11 (15.49) 

 
The table above shows how frequency of 
patients that underwent different 
therapeutic interventions for the 
treatment/management of mucormycosis; 
there were also series of therapies, 
including the use of antifungal agents, 
antibiotics, and surgical procedures. 
Antifungals, Amphotericin B and 
Posaconazole were administered to 100% 
(71) and 59.15% (42) – in respective order 
– of the patients. Also, 71.83% (51) of the 
patients had Ceftriaxone, while 1.4% (1) 
and 8.45% (6) of the patients respectively 
were administered Cefotaxime and 
Piperacillin-Tazobactam. Amphotericin B 
Liposomal formulation was administered 
in these patients in a dose of 5mg/kg/day 
and the duration of treatment 

individualized depending upon the extent 
and severity of the disease.In our study , 
the minimum duration  of treatment was 
21 days and maximum was 8 weeks. 
Concerning surgical procedures; all the 
patients had functional endoscopic sinus 
surgery performed on them, and this was 
either done along with debridement, 
septoplasty, craniotomy, or concha 
excision. Maxillectomy and exenteration 
of the eye were the other surgical 
procedures that were performed on some 
patients. It should be noted that only 
45.07% (32) of the patients had 
mucormycosis taken care of through the 
administration of a triad of an antifungal, 
antibiotic and functional endoscopic sinus 
surgery. 

 
Table 4: showing steroid and its relationship with mucormycosis 

Grade of severity        Steroid 
 (n=71, 100%) 

Total 

 Taken Not taken 
1 15 (21.16%) 1 (1.40%) 16 
2 19 (26.76%) 3(4.22%) 22 
3 28 (39.43%) 3 (4.22%) 31 
4 2 (2.81 %) 0 (0%) 2 
TOTAL 64 (90.14%) 7 (9.85%) 71 
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Table 5: showing Remdesivir and its relationship with mucormycosis 
 
 
 
 
 
 
 
 

Table 6:  showing oxygen therapy and its relationship with mucormycosis 
 
 
 
 
 
 
 
 
 

Table 7: showing grade of mucormycosis and its outcome 
Grade of severity Death 
1 0 (0%) 
2 0 (0%) 
3 6 (8.45%) 
4 2 (2.81%) 
Total 8 (11.26%) 

 
The patients were classified as per Neelam 
Vaid et al. 2021[16] with most cases being 
in Grade 3(severe)[16]. 90.14% patients 
who received steroids as a part of therapy 
for COVID 19 developed mucormycosis.   
57.74 % patients receiving Remdesivir 
suffered from Mucormycosis later. It was 
only 39.43 % of patients who didn’t 
receive O 2 therapy while the rest 60.57 % 
patients who received O 2 developed 
mucormycosis. The death rate in 
mucormycosis accounted for a total of 
11.26 % ascertaining the severity of the 
disease. 
Discussion: 
Rhino -orbito-cerebral mucormycosis 
followed by pulmonary mucormycosis is 
the common form of mucormycosis and 
has a slightly male predominance as 
observed in our study as well[17,18]. 

The fungal disease is more prevalent in 
patients with co-morbid conditions like 
diabetes and particularly those who had 
been given steroids or were on oxygen 
support for the treatment of COVID 
19[19]. In addition, poor clinical hygiene 
and previously neglected diabetes paved 
way for the opportunistic environment for 
the fungal infection[19]. Gut associated 
lymphoid tissue protects the human body 
against various pathogens and infectious 
agents[20]. Exccessive use of steroids 
impairs the gut epithelial barrier allowing 
toxins and bacteria to leak into the 
bloodstream thereby providing a 
favourable environment for the fungus to 
grow[21]. During Covid 19 different 
antibiotics, steroids, vitamins and zinc etc.  
were used which causes a dysbiosis of gut 
and nasal microbiomes[21]. 

Grade of 
severity 

Remdesivir doses (n=71, 100%) TOTAL 
< 6 doses 6 doses > 6 doses No dose 

1 6 (8.45%) 2 (2.81%) 3 (4.22%) 5 (7.04%) 16 
2 6 (8.45%) 4 (56.33%) 2 (2.81%) 10 (14.08%) 22 
3 10 (14.08%) 7 (9.85%) 0 (0%) 14 (19.71%) 31 
4 1 (1.40%) 0 (0%) 0 (0%) 1 (1.40%) 2 
TOTAL 41 (57.74%) 30 (42.25%) 71 

Grade of 
severity 

     Oxygen therapy 
        (n=71, 100%)  

TOTAL 

 <10 days >10 days Not taken 
1 4(5.63%) 6 (8.45%) 6 (8.45%) 16 
2 11(15.49%) 5 (7.04%) 6 (8.45%) 22 
3 9 (12.67%) 7 (9.85%) 15 31 
4 1 (1.40%) 0 (0%) 1 (1.40%) 2 
TOTAL 25(35.21%) 18 (25.35%) 28 (39.43%) 71 
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Amongst the COVID 19 patients only 7 
patients didn’t receive steroids the rest 
90.14 % patients received steroids which 
shows a strong association of the use of 
steroids and development of 
mucormycosis 
Steroids act mainly through:  
1) Interaction with glucocorticoid 
receptors thereby causing hyperglycaemia  
2) Defect in function of macrophages and 
neutrophils[19]. 

This downregulates the expression of 
proinflammatory cytokines secreted by 
macrophages like tumor necrosis factor 
alfa, interleukin 1 beta, interleukin 6 
etc.[19,22,23] 
Tocilizumab a monoclonal antibody 
approved for the use in COVID 19 acts as 
an immunosuppressant and controls 
inflammation which in turn reduces the 
patient’s immunity and poses risk of 
contracting CAM[24,25,26]. It can be 
noted that the administration of biologicals 
like Remdesivir may have a causal 
relationship with development of 
mucormycosis as 50.70% patients who 
received remdesivir contracted 
mucormycosis though its thorough 
association is yet to be studied. 
The widespread use of steroids and 
monoclonal antibodies and antibiotics 
against COVID 19 leads to development/ 
exacerbation of pre-existing fungal 
diseases[27]. 
COVID 19 associated mucormycosis was 
seen in patients’ weeks to months after 
they developing COVID 19 or while they 
were suffering from COVID 19[28,29]. 
COVID 19 has shown to deteriorate the 
immune response which additionally paves 
the way for secondary opportunistic 
infections[28,29]. Three possible 
mechanism being:  

1) Reduction in T – cells due to COVID 
related lymphopenia 
2) Increase in pro – inflammatory markers 

3) damage to pulmonary tissues[22,23] 

Uncontrolled diabetes aids in developing 
mucormycosis by the following 
mechanisms: 
1) Mucormycosis thrives on high 
glucose[31]. 
2) Lowering the immune response leading 
to reduced granulocyte phagocytosis with 
modified polymorphonuclear leukocyte 
response[32]. 
Also, free available iron which is a 
resource for mucor to grow is high in 
patients of COVID 19 as steroids cause 
hyperglycaemia which in turn leads to 
glycosylation of transferrin and ferritin and 
reduces the binding of iron thereby 
increasing free iron and COVID 19 
increases cytokines like interleukins which 
increases free iron by increasing synthesis 
and decreasing transport of iron. Glucose 
regulator protein 78 expression is 
enhanced on the endothelial cells which 
then facilitates angio-invasion, tissue 
necrosis and hematogenous 
dissemination[33]. 
Prolonged use of ventilators and 
humidifiers were also associated with a 
rise in covid. The use of industrial oxygen 
in place of medical oxygen has been 
proposed to be a potential link in the rise 
of covid as according to the WHO medical 
use of oxygen differs from that of 
industrial oxygen in terms of purity, 
storage and distribution process. Hence the 
industrial oxygen is most likely to be 
contaminated and it needs an upgradation 
by undergoing deep cleaning and 
disinfection process before medical use. 
But the acute crisis that lead to shortage of 
oxygen on one hand and the time and costs 
involved in treating the industrial oxygen 
might have led to the conversion of many 
industrial oxygen cylinders to medical use 
thereby enhancing the risks of 
mucormycosis[34]. Out of 71 patients, 43 
(60.56%) patients who received O2 
therapy developed COVID 19. Thus, it can 
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be ascertained that steroids and oxygen 
therapy do have a role in the COVID 19 
patients developing mucormycosis which 
again shows a causal relationship of 
COVID 19 mucormycosis and O2 therapy. 
It could be said that the significance of 
amphotericin B in the 
treatment/management of mucormycosis is 
made apparent in this study. However, one 
has to exercise caution before drawing a 
conclusion on this especially since this 
study is not based on monotherapy. More 
significantly, it is worth noting that 
functional endoscopic sinus surgery 
(FESS) is equally important in the 
treatment of mucormycosis. Without 
attempting to water down the effect of 
amphotericin B, the finding from this 
study showed that the drug works in 
conjunction with surgery and some 
additional unknown factors. It was 
observed that two of the patients who were 
only administered amphotericin B [as 
monotherapy] eventually died, and this is 
despite the surgical procedures they 
underwent. As per the treatment, the 
patients were given Ceftriaxone, which is 
an antibiotic, and then subjected to FESS 
with either septoplasty or debridement. 
Notwithstanding, it is important to take 
note of the extent to which the severity of 
a patient’s condition, as well as underlying 
medical conditions can affect a treatment 
outcome. As it was observed; a patient 
who had taken all the therapeutic 
interventions, except maxillectomy, had a 
negative mucormycosis report eventually 
died – even after having a revision FESS. 
So, it suffices that mucormycosis 
treatment goals be more driven towards 
safely addressing comorbidities in tandem 
with mucormycosis-centred therapies, a 
situation that could ultimately make 
monotherapy less viable. Though the 
effect of mucormycosis on HbA1C has not 
been widely reported, but this should be 
focused on in subsequent studies 
considering that they were non-diabetic 

patients that had their HbA1C scores 
within diabetic ranges. 
Conclusion: 
COVID-19-associated mucormycosis 
patients in this study fall in the middle-age 
range, with an average age of 48.11 years, 
and diabetes mellitus was the most 
common comorbidity amongst them 
followed by hypertension.  

Sinusitis and erosions were also quite 
frequent amongst these patients, and the 
fact that some patients had to suffer these 
across different regions simultaneously 
even as they were placed under oxygen 
therapy and hospitalized for days goes to 
show the manifestation of severe COVID-
19. The results from histopathological 
examination showed that nasal and 
maxillary mucormycosis were the two 
most prevalent types, and in some cases, 
certain patients had disseminated 
mucormycosis with two or more regions 
involved. Generally, pain, swelling and 
aches around different parts of 
facial/orbital aspects, as well as ptosis 
were common among COVID-associated 
mucormycosis patients.  
The use of steroids, oxygen therapy, use of 
biological and COVID 19 in itself could be 
responsible for providing favourable 
growth medium for mucormycosis. Most 
of the patients presented in Grade 2 and 3 
of grading system of mucormycosis. It was 
in light of the considerable symptomatic 
manifestations and sequelae of the disease 
that it became essential to adopt surgical 
interventions, especially function 
endoscopic sinus surgery and others 
(exenteration, maxillectomy, debridement, 
septoplasty, craniotomy and concha 
excision) along with the use of 
amphotericin and other antimicrobial 
agents to promote the survival of patients 
having COVID-19-associated 
mucormycosis.  
And, going by the result, it was obvious 
that the therapeutic interventions overseen 
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by multidisciplinary team of medical 
practitioners were significant in improving 
treatment outcomes. More so, the findings 
from this study showed yet again the 
significance of combination therapy in the 
treatment/management of mucormycosis. 
Plus, it is apparent that amphotericin B 
alone may not be effective in certain cases 
hence the need to carry out multiple 
surgical procedures on some patients in 
order to improve the rate of survival can 
be recommended. Also, the duration of 
treatment with amphotericin didn’t have 
any direct effect on the prognosis of the 
patient and hence a multidisciplinary 
approach with antifungals, antibiotics and 
surgical debridement was found to 
improve the prognosis of the patient. 
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