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Abstract  

Background: Mucormycosis is a lethal infection caused by fungi belonging to 

the Order of Mucorales of Class Zygomycetes. During the early May 2021, 

when covid-19 cases were in its peak in India, the surge in Mucormycosis was 

attributed to the ideal environment in covid-19 patients that facilitated the 

mucorales spore to germinate. The objectives were to study the clinical profile 

of suspected Mucormycosis patients in covid 19 pandemic, to detect the 

presence of fungal agents causing mucormycosis by conventional KOH mount 

examination and to identify the causative fungi by performing Fungal culture of 

samples collected from clinically suspected cases of mucormycosis. Materials 

and Methods: This study included clinically suspected mucormycosis patients 

with COVID-19-like illness, between May 2021 and July 2021. Data regarding 

demography, underlying medical conditions, COVID-19 illness, diagnosis of 

clinical mucormycosis, site of involvement were collected. Samples of 

suspected patients were subjected to conventional KOH wet mount examination 

and fungal culture and the findings were recorded. Result: Among the 40 

patients included in the study, 17 (42.5%) had covid-19 infection.  The most 

common clinical presentation was Rhinomucormycosis accounting to 80%. 26 

(65%) samples showed fungal elements in the KOH wet mount examination. In 

Fungal culture, 21 samples grew Rhizopus species, 3 samples grew Aspergillus 

species and 16 samples did not show any growth even after 2 weeks of 

incubation. 33(82.5%) patients had uncontrolled diabetes mellitus and 1(2.5%) 

patient had immunosuppressant drug intake as associated risk factors. 

Conclusion: This study had revealed the increased risks associated with covid 

infection and diabetes in Mucormycosis patients. Though labelled as difficult-

to-treat infection with high mortality, Covid associated Mucormycosis can be 

managed better with increased suspicion, early diagnosis and control of Covid-

19 infection. 

 
 

 

INTRODUCTION 
 

Mucormycosis is a lethal infection caused by fungi 

belonging to the Order of Mucorales of Class 

Zygomycetes. They often cause devastating 

angioinvasive fungal infections, primarily in patients 

with underlying risk factors.[1] During the Covid 19 

pandemic caused by Severe Acute Respiratory 

Syndrome –Coronavirus 2 (SARS-CoV2), a wide 

range of opportunistic bacterial and fungal infections 

have been reported.[2] During the early May 2021, 

when covid-19 cases were in its peak in India,[3] the 

surge in Mucormycosis was attributed to the ideal 

environment in covid-19 patients that facilitated the 

mucorales spore to germinate. This includes 

conditions such as hypoxia, Diabetes, new onset 

hyperglycemia, steroid-induced hyperglycemia, 

metabolic acidosis, diabetic ketoacidosis [DKA}, 

high iron levels (increased ferritin). Also, the 

decreased phagocytic activity of white blood cells 

(WBC) due to immunosuppression (SARS-CoV-

2mediated, steroid-mediated or background co 

morbidities) coupled with several other shared risk 

factors including prolonged hospitalization with or 

without mechanical ventilators contributed to the 

increased incidence.[4] In reference with the above 

situation, we were intrigued to take over this study at 

our institutional level during the period from May 

2021 to July 2021 to know the clinicomycological 
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profile of Mucormycosis patients during the ongoing 

covid 19 pandemic.  

Objective of the study: The objectives of the study 

were to study the clinical profile of suspected 

Mucormycosis patients in covid 19 pandemic, to 

detect the presence of fungal elements causing 

mucormycosis by conventional KOH mount 

examination and to identify the causative fungi by 

performing Fungal culture of samples collected from 

individuals who were on clinical suspicion of 

mucormycosis. 

 

MATERIALS AND METHODS 
 

This study included patient diagnosed with 

mucormycosis clinically during their course of 

clinical COVID-19-like illness, between May 2021 

and July 2021 in Government Medical College 

Krishnagiri. Data regarding demography, underlying 

medical conditions, COVID-19 illness, diagnosis of 

clinical mucormycosis, site of involvement were 

collected. Samples of wound debridement tissues of 

suspected Mucormycosis patients were collected and 

as per standard protocols. The biopsy or aspirated 

material was collected in sterile containers of normal 

saline. The microscopic examination was done using 

wet mount examination using 10-20% potassium 

hydroxide (KOH) to identify the fungal elements 

[Figure 1]. For culture, the tissue sample was cut into 

small pieces and inoculated into a Sabouraud 

dextrose agar (SDA) medium with antibiotics and 

incubated at 250C and 370C [Figure 2]. Following 

culture, the growth was subjected to macroscopic and 

microscopic examination using LPCB (Lactophenol 

Cotton Blue) mount to observe the morphology and 

identify the fungus grown [Figure 3]. The 

macroscopic and microscopic morphology is 

analysed and the fungus is identified. 

 

RESULTS 

 

 
Figure 1: KOH Mount of samples showing fungal 

elements 

 

 
Figure 2: SDA tubes showing fungal growth 

Rapidly growing cottony colonies with salt and 

pepper appearance resembling Rhizopus species seen 

inside the SDA tubes. 

 

 
Figure 3: Microscopic identification of the fungal 

growth by LPCB mount. A: 10X magnification showing 

broad aseptate hyaline hyphae with rhizoids and 

unbranched sporangiophore and sporangia. B: 40X 

magnification showing rhizoids and unbranched 

sporangiophore with sporangia 

 

 
Figure 4:  Age and Gender distribution of study patients 

 

 
Figure 5: Covid 19 positivity in suspected 

mucormycosis patients 

 

There were 40 cases of clinical mucormycosis during 

the study period of 3 months of covid-19 pandemic 

registered in the hospital. The 40 patients were also 

suspected of covid 19 illness along with 

mucormycosis.  The mean age of the affected patients 

were 50.07 years. Out of the 40 patients, there were 
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29 male patients accounting to 72.5%, and 11 female 

patients accounting to 27.5%. The most common age 

group affected was 51-60 years of age with 13 

patients falling under the category [Figure 4]. There 

were 17 patients who had covid-19 infection 

confirmed by RT PCR test for corona virus which is 

42.5% of the total suspected patients [Figure 5]. 

26(65%) out of 40 Samples from the suspected case 

of mucormycosis showed positive for fungal 

elements in the KOH wet mount examination [Figure 

1]. Most of the isolates showed broad 

aseptate/pauciseptate hyaline hyphae.  Samples 

included for fungal culture showed positive growth 

of Rhizopus in 21 samples, Aspergillus species in 3 

samples and out of 40, and 16 samples did not show 

any growth.  Of 40 patients suspected with 

mucormycosis, 33(82.5%) patients had uncontrolled 

diabetes mellitus and 1(2.5%) patient was on 

immunosuppressant drugs for both of which acted as 

associated risk factors.  Out of the 21 culture 

confirmed Mucormycosis patients, 15(71.4%) of 

them were male and 6(28.6%) were females. The 

most common age group affected was 51-60 years of 

age. Out of 21 Mucormycosis patients, 13(61.90%) 

had confirmed covid 19 illness and 19 (90.5%) 

patients had underlying uncontrolled diabetes as risk 

factor. 

 

Table 1: Clinical spectrum of study patients (n=40). 

Type of Mucormycosis No of patients  

Rhinomucormycosis 32 (80%) 

Rhinoorbital Mucormycosis 6 (15%) 

Fungal Rhinosinusitis 1 (2.5%) 

Oral Mucormycosis 1 (2.5%) 

 

Table 2: Outcome of the samples tested 

Total No of samples  KOH Positive KOH negative Fungal Culture positive  Fungal Culture negative 

N= 40 26 (65%) 14(15%) 24(60%) 16(40%) 

 

Table 3: KOH positivity and culture correlation (N=40). 

Tests Culture positive Culture negative 

KOH Positive 24 (60%) 2(5%) 

KOH negative 0(0%) 14(35%) 

 

Table 4: Fungi isolated in culture. 

Culture isolates (n=24) No of samples 

Rhizopus species 21 

Aspergillus fumigatus 2 

Aspergillus niger 1 

 

Table 5: Comparison of fungal culture positive and negative patients 

Characteristics Fungal culture 

positive (n=24) 

Fungal culture 

negative (n=16) 

Significance (p<0.05- significant) 

Mean Age 54.19 years 42.81 years P = 0.0024* significant at p<0.05 

Gender preponderance Male-n=18 (75%) 

Female – n=6(25%) 

Male-n=11(68.75%) 

Female- n=5(31.25%) 

p= 0.6638. 

 Not significant at p < 0.05 

Covid 19 status  Positive n=13(54.16%) 
Negative n=11(45.84%) 

Positive n=4(25.0%) 
Negative n=12(75.0%) 

 p = 0.0675.  
 Not significant at p < 0.05. 

Association with Diabetes DM-22(91.66%) 

Not diabetic- 2(8.34%) 

DM-10(62.5%) 

Not diabetic- 6 (37.5%) 

p= 0.0239* significant at p<0.05 

 

 

Table 6: Characteristics of KOH wet mount as screening test 

Test  KOH wet mount 

Sensitivity  100% 

Specificity 88.9% 

Positive predictive value 92.31% 

Negative predictive value 100% 

 

DISCUSSION 
 

The second wave of covid-19 pandemic in 2021, 

caused severe infections with high mortality5. During 

this period, there was also a surge in Mucormycosis 

in the world, especially in India4. In this study, there 

was 40 cases of clinically suspected covid associated 

Mucormycosis. The common age group that was 

affected was 51-60 years with mean age of 54.1 years 

which correlates with the study by Sharma R, Kumar 

P et al 5 and also a systematic review of such cases 

from 18 countries by Hoenigl M, Seidel D, et al.[6] 

The older age is being more affected due to the 

presence of various comorbidities in this age group. 

There was a male preponderance accounting to 75% 

in culture confirmed cases in this study similar to 

many other studies.[6-10]  

Though 54.1% of the culture positive cases had covid 

infection, the association between them was not 

significant which could be attributed to the smaller 
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sample size of the study. The most common 

predisposing risk factor in the study was uncontrolled 

Diabetes which was present in 32 cases of the total 

40 patients included in the study. It was seen in 

91.66% in the culture positive patients showing a 

significant association between them (p<0.05). This 

coincided to a prospective multicentre study done in  

India by Prakash H, Ghosh AK, et al.[11] This study 

authenticates the concept that presence of DM with 

or without DKA proportionately increase the chance 

of mucormycosis especially in covid illness. To 

support our study, there are several other studies 

which showed Diabetes as the predominant 

underlying risk factor for developing 

Mucormycosis.[4,10-15] Presence of high amount of 

mucorale spore in the environment makes the people 

with DM to get infected.[5,16] Normally our body 

defends the environmental mucorales by chemotaxis 

and oxidative/ non-oxidative fungicidal mechanism 

of phagocytic cells. This is hindered by the 

hyperglycemic states seen in the patients with 

uncontrolled diabetes.[16] This explains the fact that 

Diabetes remains unchallenged among the 

predisposing factors in Covid associated 

Mucormycosis.  

The most common clinical presentation of 

Mucormycosis in this study was Rhinomucormycosis 

accounting to 80% of the study cases. The orbital 

involvement was seen next common to nasal 

mucormycosis in 15% of the patients with suspected 

mucormycosis. Positivity percentage of KOH mount 

examination is similar to the various studies done by 

Singh AK et al, Hoeingl M, et al, Prakash H et al, 

Veisi A, et al.[4,6,11,17,18] The screening of samples for 

fungal elements with KOH mount examination was 

positive in 26 patients (60%) of the suspected cases. 

This was closer to the multicentre study done in India 

by Patel A, Agarwal R, et al.[19] The sensitivity of 

KOH wet mount was 100% and it is efficacious to 

use it as screening test for Mucormycosis.[20] KOH 

may provide a rapid diagnosis and thereby help 

clinicians initiate antifungal treatment early in the 

disease course for a better and a favourable 

outcome.[20] The fungal culture was positive in 

24(60%) out of 40 suspected cases. The fungal 

culture positivity is influenced by the friable nature 

of the hyphae which is more prone to be destroyed 

while manipulated.[21] Hence the positivity is only 

around 60% in this study which is similar to the study 

done by Hoenigl et al. Rhizopus species (87.5%) was 

the most common fungi that was isolated, followed 

by Aspergillus species in the study patients. There are 

many other studies showing similar results in the 

fungi isolated from Covid associated Mucormycosis 

(CAM) patients.[19,21-23] Few patients grew 

Aspergillus fumigatus () and Aspergillus niger (). 

The identification of the fungal species causing 

Mucormycosis based on morphology was quite 

challenging due to lack of other diagnostic 

morphological features as mentioned in many 

studies.[25,26] As per literature, Rhizopus arrhizus was 

the most common species to cause human 

mucormycosis in India. This is followed by 

Apophysomyces variabilis, Rhizopus microsporus, 

and R. homothallicus.[27,28] Other less common 

species were Apophysomyces elegans, Lichtheimia 

ramosa, Mucor irregularis, Rhizomucor pusillus, 

Saksenaea erythrospora, Syncephalastrum 

racemosum, etc. Few studies suggest that use of 

MALDi-TOF MS for consistent and faster 

identification of human pathogenic Mucorales.[29] 

With frequent occurrence of morphologically cryptic 

fungal species, a DNA sequence-based species 

identification is the most reliable method. The 

universal barcode for fungi is the internal transcribed 

spacer region (ITS).[30,31] Now the availability of 

several PCR such as nested PCR, real-time PCR 

(qPCR), and nested PCR combined with RFLP have 

made the diagnosis of human mucormycosis better. 

 

CONCLUSION 
 

Mucormycosis in covid-19 patients can be a fatal 

complication especially in patients with pre-existing 

Diabetes and those treated with steroids for covid 

infection. The complex relationship between covid 

and mucormycosis cannot be ignored and yet to be 

explored in detail emphasising the need for more 

studies. In spite of limitation of having a small 

sample size, this study revealed the increased risks 

associated with covid infection and diabetes in 

Mucormycosis patients. Though labelled as difficult-

to-treat infection, owing to the associated high 

mortality, Covid associated Mucormycosis can be 

managed better with increased suspicion in covid 

patients, early diagnosis and control of Covid-19 

infection. 
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