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ABSTRACT

Background and aim: Mucormycosis is an invasive fungal infection and carries a significant mortality and morbidity. A number of cases have
been reported in association with COVID-19. It affects severely immunocompromised patients with certain risk factors like diabetes, steroid
therapy, etc. We studied the association of risk factors in COVID-19 affected patients during active infection and in the recovery phase of infection.
Material and Methods: We studied 500 clinically suspected cases attending ENT OP from May 2021 to August 2021. Samples were processed and
identified by direct microscopy and culture. Results: Out of 500 samples tested, 110 were identified as Mucormycosis. Among them 81% were
Rhizopus spp, 16% were Mucor spp and 3% were Rhizomucor spp. Of all 110 cases, 18% were identified by microscopy alone, 39% were identified
by culture alone and 47% were identified by both microscopy and culture. Among them 59% were hyperglycaemic and 76% were on steroid
therapy. Majority of the cases were presented in the recovery phase of COVID-19 (81%) than during the active phase of infection (19%).
Conclusion: Mucormycosis is an opportunistic fungal infection commonly affecting severe immunocompromised patients. Judicious use of
steroids and stringent glycaemic control are vital to prevent mucormycosis. Early diagnosis and intervention can prevent the severity of disease.
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INTRODUCTION

Mucormycosis is an infection caused by a group of filamentous molds
belonging to the order Mucorales. These saprophytic fungi are found
ubiquitously in the soil, environment, food items and also frequently
encountered as laboratory contaminant. Infection can occur by inhalation,
percutaneous inoculation or ingestion. In the developed countries,
Mucormycosis occurs primarily in severe immunocompromised hosts. In
contrast, in developing countries like India, most of the cases of
Mucormycosis occur in patients with poorly controlled diabetes mellitus
and also immunocompetent subjects following trauma.

Opportunistic fungal infections including Mucormycosis, Aspergillosis,
Penicilliosis and invasive Candidiasis have been reported in patients with
severe COVID-19 or those recovering from the disease. Of all these,
Mucormycosis is the most severe co-infection associated with COVID-
19. India has reported a recent surge in Mucormycosis cases during this
COVID-19 pandemic. Mucormycosis in severe cases of COVID-19
might be due to factors like increased glycaemic status, use of
corticosteroids, granulocytopenia, increased serum ferritin and
immunosuppressive conditions.

Mucormycosis has a predilection for vascular invasion causing
thrombosis and infarction, thereby leading to necrosis of affected
tissue. In such type of clinical setting, infection with Mucormycosis
carries very poor prognosis. High fatality rate for severe infection was
found despite active treatment.

Therefore, early intervention and prompt treatment can help to prevent
high morbidity and mortality in Mucormycosis infection. As there was
a rapid increase in Mucormycosis cases during this pandemic I have
taken up this study for early diagnosis and treatment.

MATERIALAND METHODS

A prospective study was conducted on a total number of 500 clinically
suspected cases attending ENT outpatient department from May 2021
to August 2021. Samples were taken either by tissue biopsy, deep nasal
swab, scrapings from nasal mucosa, swab from nasal sinuses or
sometimes sputum.

Mucormycosis was identified by direct microscopy and culture. The
samples were processed by direct microscopy using 10% potassium
hydroxide in which Mucormycetes showed characteristic broad, non-

septate or sparsely septate, ribbon like hyphae with wide angle
branching at irregular intervals. Direct microscopy is followed by
inoculation of specimen on two SDA slopes (Sabouraud's dextrose
agar) with antibiotics and without cycloheximide and incubated at
250C and 370C respectively. Growth was seen within 2-4 days as
floccose, dense cotton candy or fluffy growth filling the entire tube.
Adhesive tape technique with lactophenol cotton blue (LCB) mount
was done from the culture growth for observing the microscopic
morphology of the fungal growth. Slide culture was also done on
cornmeal agar to know the undisturbed morphology of fungal isolate.

Fig.1. KOH mount showing broad, non-septate hyphae with wide
angle branching

Fig.2. SDA slope showing fluffy dense cottony colony
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Fig.3. LCB mount by adhesive tape technique

Fig.4. LCB mount from slide culture

RESULTS

A total number of 500 clinically suspected cases of Mucormycosis,
attending ENT OP were screened for Mucormycosis by fungal culture
and microscopy.

Table 1. Distribution of fungal positivity

Total No. identified No fungi
tested | Mucormycetes Other fungi grown/identified
500 110 186 204

Out of 500 tested, 110 cases were found to be positive for
Mucormycetes by microscopy and/or culture. Other fungi were
isolated in 186 cases and no growth was observed in 204 cases.

Table 2. Sex wise distribution of Mucormycosis cases (n=110)

Sex No. of positives Percentage
Male 86 78%
Female 24 22%

Out of 110 Mucormycosis cases, 78% were found to be males and 22%
were found to be females, showing male preponderance.

Table 3. Species wise distribution of Mucormycosis isolates (n=110)

Non-diabetic Increased blood 30 27%
glucose

Normal blood 45 41%
glucose

Among 110 cases, known diabetics were 35 and non-diabetics with
increased blood glucose levels under treatment of COVID-19 were 30
and non-diabetic with normal blood glucose levels were 45. Majority
of cases were found to be associated with increased blood glucose
levels.

Table 6.Association of Mucormycosis with steroid therapy (n=84)

INo. of cases|No. of cases on| No. of cases on | No. of cases on
on steroid |steroid therapy [steroid therapy who| steroid therapy
therapy inknown |are non-diabetic and| who are non-

Diabetes developed drug |diabetics and with|
induced normal blood
hyperglcaemia glucose level
84 30 22 32

Among 110 Mucormycosis cases, 84 were on steroid therapy during
COVID-19 treatment. Of these, 30 were found to be known Diabetics
and 22 were non-diabetics but developed high blood glucose levels
during treatment. Remaining 32 were non-diabetics with normal blood
glucose level even with steroid therapy.

Table 7. Association of Mucormycosis with oxygen therapy

Total positives| No. of cases on oxygen |[No. of cases not on oxygen|
110 44 66

Among 110 cases, 44 cases were found to be on oxygen therapy during
COVID-19 treatment and 66 were found to be without oxygen therapy.

Table 8. Association of Mucormycosis cases with active covid and
post covid period (n=110)

Stage of infection No. of positives Percentage
Active covid 21 19%
Post covid 89 81%

Isolate No. of positives Percentage
Rhizopus spp. 89 81%
Mucor spp. 18 16%
Rhizomucor spp. 03 03%

Out of 110 identified, predominant isolate was found to be Rhizopus
spp (81%), followed by Mucor spp (16%) and around 3% were
Rhizomucor spp.

Table 4.Comparision of direct microscopy and culture (n=110)

Method No. of positives Percentage
Microscopy positive 20 18%
Culture negative
Culture positive 43 39%
Microscopy negative
Both Culture and 47 43%
Microscopy positive

Out of 110 cases, 20 cases were identified by only microscopy (18%)
and 43 by only culture (39%), whereas both microscopy and culture
were positive in47 cases (43%).

Table 5. Association of Mucormycosis with blood glucose levels (n=110)

Diabetic status No. of cases | Percentage

Known Diabetic 35 32%

Among 110 cases, 21 were in active phase of covid infection and 89
were found to be in the recovery phase of covid-19. Majority of the
cases were presented in the recovery phase of the COVID-19 than
during active phase.

DISCUSSION

Mucormycosis is a sporadic disease that occurs almost exclusively in
immunocompromised patients[6]. The order Mucorales includes the
genera Mucor, Rhizopus, Rhizomucor, Lichtheimia, Syncephalastrum,
Apophysomyces, Cokeromyces, Cunninghamella and Saksenaea
species. In our study, we identified Mucor spp, Rhizopus spp and
Rhizomucor spp, of which Rhizopus was found to be the predominant
isolate.

The sudden surge in the incidence of Mucormycosis during COVID-
19 pandemic raises the possibility that COVID-19 infection may itself
predispose to Mucormycosis. This may occur directly through its
impact on immune system and other systems or indirectly due to the
interventions in COVID-19 management[7].

We found that COVID-19 patients who were treated with steroids and
patients with increased blood glucose levels were more affected with
Mucormycosis.

The high case fatality rate in COVID-19 disease is due to significant
cytokine storm, which is the host's excessive immunological response,
responsible for the host tissue damage (pulmonary alveolar destruction
and systemic inflammation), resulting in respiratory and multi-organ
failure[1]. Corticosteroids have been proven to reduce cytokine release
but it also leads to drug induced hyperglycaemia in non-diabetics and
aggravation of blood glucose levels in known diabetics.

Pathological changes in the pancreas were observed in patients with
severe COVID-19 indicating that SARS-COV-2 virus can cause
pancreatic injury[2]; and this could be one of the reasons why COVID-
19 patients without previous history of diabetes have high blood
glucose levels[3]. Diabetes related hyperglycaemia is thought to cause
immune response dysfunction, resulting in an inability to control the
spread of invading pathogens[4]. Hence co-existence of diabetes,
steroid therapy and covid -19 might have lead to severe fungal
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colonisation such as Mucormycosis.

In our study, majority of patients who were identified with
Mucormycosis were found to be having increased blood glucose levels.

Furthermore use of high-flow oxygen also considered as a factor to
cause fungal colonisation. Contamination with the use of industrial
oxygen, low quality oxygen piping systems, low quality oxygen
cylinders and ordinary tap water in ventilators are also considered as
causative factors[5]. But in our study, we didn't find any association of
Mucormycosis with oxygen therapy.

Use of other unproven treatment regimes for COVID-19 like zinc and iron
supplements, aid the fungus to grow by providing the right environment.

Other factors like prolonged use of ventilators and humidifiers and
unhygienic use of masks are also associated with the rise of
mucormycosis cases.

In our study majority of mucormycosis cases were seen 2-3 weeks after
the onset of COVID-19 symptoms as steroid therapy was started
during 2nd week of infection which favours fungal colonisation.

CONCLUSION

Mucormycosis is an opportunistic fungal infection associated with
high mortality and morbidity. It can be easily diagnosed by direct
microscopy and culture. As early diagnosis and intervention can
prevent the severity of the disease and helps to reduce mortality, it is
advisable to collect the sample for diagnosis at the first sign of
suspicion.

REFERENCES

1. LinZ,Phyu W, PhyuZ, etal. (August 02,2021) The Role of Steroids in the Management
of COVID-19 Infection. Cureus 13(8): 1684 1. doi:10.7759/cureus.16841

2. Montefusco L, Ben Nasr M, D'Addio F, Loretelli C, Rossi A, Pastore I, Daniele G,
Abdelsalam A, Maestroni A, Dell'Acqua M, Ippolito E, Assi E, Usuelli V, Seelam AJ,
Fiorina RM, Chebat E, Morpurgo P, Lunati ME, Bolla AM, Finzi G, Abdi R, Bonventre
JV, Rusconi S, Riva A, Corradi D, Santus P, Nebuloni M, Folli F, Zuccotti GV, Galli M,
Fiorina P. Acute and long-term disruption of glycometabolic control after SARS-CoV-2
infection. Nat Metab. 2021 Jun;3(6):774-785. doi: 10.1038/s42255-021-00407-6. Epub
2021 May 25. PMID: 34035524.

3. Chen J, Wu C, Wang X, Yu J, Sun Z. The Impact of COVID-19 on Blood Glucose: A
Systematic Review and Meta-Analysis. Front Endocrinol (Lausanne). 2020 Oct 5;11:574541.
doi: 10.3389/fendo.2020.574541. PMID: 33123093; PMCID: PMC7570435.

4. BerbudiA, Rahmadika N, Tjahjadi Al Ruslami R. Type 2 Diabetes and its Impact on the Immune
System. Curr Diabetes Rev. 2020;16(5):442-449. doi: 10.2174/1573399815666191024085838.
PMID: 31657690; PMCID: PMC7475801.

5. Gomes MZ, Lewis RE, Kontoyiannis DP. Mucormycosis caused by unusual mucormycetes,
non-Rhizopus, -Mucor, and -Lichtheimia species. Clin Microbiol Rev. 2011 Apr;24(2):411-
45.doi: 10.1128/CMR.00056-10. PMID: 2148273 1; PMCID: PMC3122490.

6. Patel A, Kaur H, Xess I, Michael JS, Savio J, Rudramurthy S, Singh R, Shastri P, Umabala
P, Sardana R, Kindo A, Capoor MR, Mohan S, Muthu V, Agarwal R, Chakrabarti A. A
multicentre observational study on the epidemiology, risk factors, management and
outcomes of mucormycosis in India. Clin Microbiol Infect. 2020 Jul;26(7):944.¢9-
944.e15.doi: 10.1016/j.cmi.2019.11.021. Epub 2019 Dec4. PMID: 31811914.

7. Arora U, Priyadarshi M, Katiyar V, Soneja M, Garg P, Gupta I, Bharadiya V, Berry P,
Ghosh T, Patel L, Sarda R, Garg S, Agarwal S, Arora V, Ramprasad A, Kumar A, Garg
RK, Kodan P, Nischal N, Singh G, Jorwal P, Kumar A, Baitha U, Meena VP, Ray A, Sethi
P, Xess I, Vikram N, Sinha S, Biswas A, Thakar A, Bhatnagar S, Trikha A, Wig N. Risk
factors for Coronavirus disease-associated mucormycosis. J Infect. 2021 Dec 30:S0163-
4453(21)00654-X. doi: 10.1016/j.jinf.2021.12.039. Epub ahead of print. PMID:
34974056; PMCID: PMC8717704.

| 70 |—| International Journal of Scientific Research I




