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ABSTRACT

COVID-19 patients are particularly susceptible to secondary infections, both bacterial and fungal, most likely due to
immunological dysregulation. Secondary systemic mucormycosis was identified to be the significant cause of this
epidemic among fungal infections. Post-COVID-19 complications are being reported all around the world, creating
major pressure on healthcare services and the lives of the patients. PRISMA guidelines were used to conduct a
literature review for articles published on COVID-19 associated Mucormycosis (CAM) between January 1, 2020, to
May 18, 2021. The inclusion criteria were based on peer-reviewed studies in English covering cases with COVID-
associated mucormycosis (CAM). Articles describing fungal coinfections that were not mucormycosis cases, non-
COVID-19 cases, and studies with a lack of clarity were excluded from the review. The review includes 31 articles
comprising of 21 Case Reports and 10 Case Series. Out of 104 cases, 76% were from India, 77.9% were males.
Predisposing variables such as diabetes (71.15%), hypertension (37.5%), and ketoacidosis (10.6%) were found to be
substantial contributors to the aggressive growth of opportunistic fungal infections such as mucormycosis. Rhino-
orbital mucormycosis (n=47), followed by Rhino-orbital-cerebral mucormycosis (n=32), and Pulmonary
mucormycosis (n=10) were commonly reported in the case studies and literature reviews which presented either
following COVID-19 infection or a few weeks after active COVID-19 infection. Significant mortality (36.9%) was
reported among patients. As per our observations, CAM could be a serious consequence of severe COVID-19,
especially in people with uncontrolled diabetes.
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INTRODUCTION

The novel SARS-CoV2 virus causes COVID -19
infection has been attributed to a wide range of disease
patterns, from a mild cough to life-threatening
pneumonia.! COVID-19 is linked to a high rate of
secondary infections, both bacterial and fungal, most
likely as a result of immunological dysregulation.
Furthermore, the frequent use of steroids, broad-spectrum

antibiotics, and monoclonal antibodies against COVID-
19 may result in the formation or aggravation of a pre-
existing fungal infection.?

Mucormycosis is a rare, opportunistic angio-invasive
illness caused by a saprophytic Mucorales fungus. Fungal
spores are easily aerosolized and can enter the human
body by inhalation, local inoculation (such as a skin
lesion), or gastrointestinal absorption. The establishment
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of the fungi and progression of mucormycosis requires
specific crucial phases regardless of the point of
entrance.® This includes spore inoculation on host tissue;
evading phagocytosis and germinating into angio-
invasive hyphae. The Mucorales use certain host
circumstances (e.g., hyperglycemia, ketoacidosis, iron
overload, etc.) to boost their development and
pathogenicity. In mice models of mucormycosis,
increased iron concentrations promote fungal growth by
limiting phagocyte function and lowering IFN-secretion.*
The actual prevalence of mucormycosis in India is
unknown due to a lack of population-based studies.
Mucormyecosis is estimated to be 70 times more prevalent
in India than it is in the rest of the world.>

Increased awareness, advancements in diagnostic
techniques, and the prevalence of predisposing variables
are all attributing to an upward trend. Mucormycosis is
most common in immunocompromised patients, such as
those with haematological malignancies, transplant
recipients, in people with uncontrolled diabetes mellitus,
and, even more rarely, immunocompetent patients.® With
the extensive use of broad-spectrum antibiotics and
steroids, 8% of coronavirus-positive or recovered patients
had secondary bacterial or fungal infections during
hospitalization, according to a recent study.” COVID-19
is a life-threatening infectious disease in which patients
has an overexpression of inflammatory cytokines and
impaired cell-mediated immunity, as evidenced by a
decrease in the number of cluster of differentiation 4 and
8 positive T-helper (CD4+ T and CD8+ T) cells,
indicating susceptibility to fungal co-infection. India has
a high prevalence rate of type 2 diabetes mellitus (8.9%
of adults, 77 million patients), which is a well-known risk
factor.®

Without early diagnosis and treatment, the illness may
proceed quickly, with fatality rates of 50-80% reported
from intra-orbital and cerebral complications. Care is
frequently ineffective, resulting in infection spread and
fatality, despite the prompt diagnosis, treatment of
underlying illnesses, and intensive medical and surgical
intervention.’

METHODS

For systematic reviews, the search method and analysis
were carried out following the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA)
guidelines.9 Full-length publications were appraised for
eligibility after the titles and abstracts of the retrieved
papers were examined. No unpublished information was
obtained.

Search strategy

Two investigators (S.P. and C.M.) have independently
performed a systematic search of the literature across
Google Scholar, PubMed, ScienceDirect, and Web of
Science for ‘COVID-19°, ‘SARS-CoV-2’,

‘Mucormycosis’, ‘Ophthalmic manifestations’,
‘Diabetes’, ‘Immunosuppressants’, ‘COVID associated
mucormycosis’ and ‘intravenous liposomal

Ampbhotericin-B’.
Inclusion and exclusion criteria
Inclusion criteria

Considering articles for review in the English language.
Covering COVID Associated Mucormycosis (CAM)
cases published between January, 2020, to May, 2021.
Patients with confirmed COVID-19 cases (either active
or recovered) were involved in the study. Case reports,
case series, and cross-sectional studies associated with
mucormycosis were involved in the study.

Exclusion criteria

Articles with other fungal infections that were not
mucormycosis were excluded from the study. Patients
without confirmed COVID-19 diagnosis were excluded
from the study.

)
= Records identified from
o database:
§ Google Scholar
€ PubMed
€ ScienceDirect
3 Web of Science
n= 367
—
\ 4
o
Records screened N Duplicate records excluded
(n=2367) (n=118)
\ 4
Reports sought for retrieval | Reports not retrieved
E (n=249) "l (n=22)
c
:
o A
I Reports excluded:
Reports assessed for eligibility 5| Outcome not reported (n = 7)
(n=866) Non-COVID studies (n = 15)
Not patient related (n = 9)
Non Mucormycosis cases (n = 4)
—
= Y
g Studies and reports included in
E review
g (n=31)
—

Figure 1: Flow diagram of the study selection process.
Data extraction

Two investigators (S.P. and C.M.) independently
performed data collection. The literature review included
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31 records, in which 14 articles from India and 17 articles
worldwide were included. The review consisted of 21
case reports and 10 case series. Selected studies were
reviewed and data extracted in terms of country of study,
patients symptomatology, history of COVID-19 (active
or recovered), associated predisposing comorbidities,
presence of diabetes mellitus, diabetic ketoacidosis,
corticosteroid use, use of Remdesivir, use of intravenous
liposomal Amphotericin-B and other antifungal agents,
surgical  intervention, type of  mucormycosis,
investigation (laboratory blood test, radiological test, CT
scan, MRI, histological finding, fungal culture report,
etc.), treatment outcome in term of alive, dead or lost in
follow-up.

Statistics

The socio-demographic data along with other variables
were represented in percentage. The age of patients in the
case series was shown as mean age in years.

RESULTS

The literature review included 31 records out of 367
articles that were searched for this paper using PRISMA
guidelines as seen in the flow diagram of Figure 1.

Table 1 depicts the characteristics of CAM patients. 79
and 11 proven mucormycosis cases were reported from
India and the United States of America respectively, out
of the 104 confirmed CAM cases. Until May 18, 2021, 10
instances have also been recorded from Iran, 02 from
Brazil, 01 from Italy, and 01 from Mexico. The median
age was 54 years with the range being 24 years to 86
years. 81/104 (77.9%) were male and 23/104 (22.1%)
were female. All reported cases have been diagnosed as a
case of COVID-19 disease by RTPCR or other
confirmatory tests. In our review, the most common
medical comorbid illnesses were diabetes mellitus 74/104
(71.15%), 39/104 (37.5%) cases hypertension, 11/104
(10.6%) cases had diabetic ketoacidosis, followed by
9/104 (6.7%) had renal disorders, 6/104 (5.77%) had
respiratory  disorders, and 5/104 (4.8%) had
cardiovascular disorders.

Table 2 gives a summary of the case reports and series
and their interpretation. The most common presentation
was rhino-orbital mucormycosis 45/104 (43.27%),
followed by 32/104 (30.77%) had Rhino-orbital-cerebral
mucormycosis, 10/104  (9.62%) presented  with
pulmonary mucormycosis.

In our review, out of 104 CAM cases, 36/104 (34.62%)
of the patients were treated with injection Remdesivir,
95/104  (91.8%) patients  received intravenous
corticosteroids during COVID-19 treatment, while
99/104 (95.19%) cases received intravenous liposomal
Amphotericin-B for treatment of mucormycosis. A
combination of antifungal agents was used in 34/104
(32.7%) cases, the most common combination used was

Posaconazole 21/104 (20.2%) along with intravenous
liposomal Amphotericin-B. Combined medical and
surgical management was performed in 85/104 (81.73%)
of the cases. In our study overall mortality was reported
to be 36.9%.

Table 1: Characteristics of the 104 patients with
COVID associated mucormycosis (CAM).

Variable (n=104 N (%

India 79 (76)

United States of

- 11 (10.6

Country where America (106)
the cases were Iran 10 (9.6)
reported Brazil 2(1.9)

Italy 1(0.95)

Mexico 1 (0.95)
Sex Male 81 (77.9)

Female 23 (22.1)

Diabetes 74 (71.15)

Hypertension 39 (37.5)

Diabetic 11 (10.6)
Underlying Ketoacidosis :
factors Renal Disorders 9 (8.65)

Respiratory

Disorders &l

Cardiovascular

Disorders 5(48)

Remdesivir 36 (34.62)

Corticosteroids 95 (71.8)

Liposomal

Amphoterin-B 2o )
Management Other Antifungal 34 (32.7)

agents

Combined

med!cal and 85 (81.73)

surgical

management

Alive 63 (61.1)
Outcome Death 38 (36.9)

Not known 3(2.9)

DISCUSSION

Patients who require critical care due to COVID-19
pneumonia have risk factors and underlying conditions
that make them susceptible to invasive fungal infections.
Uncontrolled Diabetes mellitus, particularly diabetic
ketoacidosis, is a prevalent predisposing condition.©

Out of the 104 confirmed mucormycosis cases, 79 were
reported from India, 11 cases were from the United States
of America, 10 cases were reported from Iran and 2 from
Brazil, 1 case from Italy, and 1 was reported from
Mexico till 18 May 2021. In our study maximum cases
were reported from India (76%).
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The youngest patient was 24 years and the eldest was 86
years. According to a previous study,11 India has the
highest burden of mucormycosis cases in the world with
an estimated prevalence of 140 cases per million
population.®® 75.7% were male and 24.3% were female.*2
All reported cases in our review were COVID-19
positive. Some patients had an active infection, while
others had recovered or were in the recovery phase. The
diagnosis was established mainly by radiological
features, histopathological examination, microbiological,
and culture for fungus.

In our systemic review analysis 72/104 (69.9%) cases had
diabetes mellitus (DM I1) and 11/104 (10.6%) cases had
diabetic ketoacidosis (DKA), 30/104 (29.1%) cases
hypertension (HTN), 7/104 (6.7%) had a renal failure
(RF) 4/104 (3.8%) had coronary artery disease (CAD),
2/104 (1.9%) had a history of dialysis, and 2/104 (1.9%)
had chronic liver disease (CLD). In our review, the
clinical presentation of mucormycosis was consistent
with the picture of mucormycosis in DM Il where the
predominant clinical presentation was rhino-orbital or
rhino-cerebral disease predominates and DM 1l is the
most common risk factor for mucormycosis and is
associated with increased morbidity and mortality in
COVID19.1

In our study, out of 104 confirmed cases of
mucormycosis, 74/104  (71.8%) cases received
corticosteroid during COVID-19 treatment. In a previous
study on 101 mucormycosis cases (95 confirmed and 6
suspected cases) in COVID-19, 80% of cases had DM Il
and 76.3% received a course of intravenous
corticosteroids.’* Similarly, in a systemic review, 41
confirmed reported cases in people with COVID-19, 93%
cases were reported with DM II, while 88% were
received intravenous corticosteroids.’* Whereas a study
conducted before the COVID-19 pandemic, a nationwide
multicentre study of 388 cases of diagnosed/suspected
mucormycosis in India, finds that 57% had uncontrolled
DM 1l and 18% had DKA.5* Corticosteroid use is a key
factor ~ for  opportunistic  mycoses, including
mucormycosis, and frequent use of corticosteroid causes
hyperglycemia.'* A previous study reported that COVID
19 positive patients are highly susceptible to
mucormycosis who are under high steroid doses or in
immunosuppressive therapy.®

In addition to hyperglycemia, altered iron metabolism
occurs in severe COVID 19 cases. There is a
hyperferritinemic state; high ferritin is a marker of severe
systemic disease. High ferritin level leads to excess
intracellular iron that generates reactive oxygen species
resulting in tissue damage. Cytokines, especially
Interleukin-6 (IL-6), due to severe infection and DKA,
stimulates ferritin synthesis; downregulates iron export
resulting in intracellular iron overload, further
exacerbating the process. Therefore, iron overload and
excess free iron seen in acidemic states are one risk factor
for mucormycosis.*

In our review, 55.3% of cases had rhino-orbital
mucormycosis (ROM), 9.62% cases had pulmonary
mucormycosis (PM), 31.0% had rhino-orbital-cerebral
mucormycosis (ROCM), 1.9% had gastrointestinal
mucormycosis (GM), and 0.9% had cutaneous
mucormycosis (CM). Whereas in another study, 88.9%
had nose and sinus involvement followed by 56.7% had
rhino-orbital mucormycosis, 22.2% had rhino-orbital-
cerebral mucormycosis.*# In another study in India before
the COVID-19 pandemic, of 465 cases of mucormycosis
67.7% patients had shown rhino-orbital mucormycosis as
the most common presentation, followed by 13.3% as
pulmonary and 10.5% exhibiting cutaneous type
mucormycosis.®

Hyperglycemia and ketoacidosis enhance the expression
of endothelial receptor glucose-regulated protein (GRP
78) and the mucorales spore coat protein homologs
(CotH), which causes increased susceptibility of diabetic
ketoacidosis patients to mucormycosis.**16

In our review, intravenous liposomal Amphotericin-B has
been used in 82.5% of cases of mucormycosis. It was
found that a combination of antifungal agents was used in
19.4% of participants, and the most common combination
used was Posaconazole 15.5% along with intravenous
liposomal Amphotericin-B.

In our review, the combined medical and surgical
management was performed in 79.6% of the cases. The
overall mortality in our review was 36.9%. Whereas in
another study,14 30.7% overall mortality was reported.

The presence of multiple comorbid conditions in
COVID-19 positive patients, additional
immunosuppression  caused by  glucocorticoids
predisposing patients to invasive fungal infection. The
current guideline for the management of mucormycosis
suggests intravenous liposomal Amphotericin B at 5-10
mg/kg per day and up to 10 mg/kg per day in cases of
central nervous system involvement.?’

Control of hyperglycemia, judicious use of steroids, early
diagnosis and treatment with intravenous liposomal
Ampbhotericin-B, as well as surgical debridement, are all
necessary for a successful outcome.8

Limitations

The sample size of the patients in the review was small
and a large group is needed to draw adequate
conclusions. We could not rule out publication bias as our
study is based on reported cases. Duration of hospital
stay, total duration of therapy, and duration of follow-ups
were not uniformly documented in the published
materials. Mucormycosis attributable mortality was not
estimated due to a lack of acceptable and sufficient
controls in the study. As a result of which, we could not
exactly predict the associated risk factor leading to the
development of CAM in COVID-19 positive patients.
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Further, in absence of a denominator, we were unable to
calculate the exact incidence of COVID-associated
mucormycosis.

CONCLUSION

The diagnosis of mucormycosis is still challenging and
very dynamic. In our study, we found that most cases
were reported from India. All patients had a history of
COVID-19 infection, and most patients were diabetic and
received corticosteroid therapy during treatment of
COVID-19, which suggests rationale use of the drug
during the pandemic. Combined antifungal and surgical
treatment may be associated with an increased survival
rate. In the future, all clinicians should be aware of the
possibility of fungal infections such as mucormycosis
developing in COVID-19 patients, particularly those with
comorbidities and who are on immunosuppressive drugs.
Early diagnosis and intravenous liposomal Amphotericin
therapy, as well as surgical intervention, are vital for a
better outcome of the disease. To gain a better
understanding of the novel viral infection and the
associated coinfections, global scientific collaboration
and publication of new findings are critical.

Future considerations

The findings from the review study implicate the
requirements to consider necessary updates in the
management of CAM that can be shared among
healthcare professionals to provide and promote a holistic
treatment model globally. The efficiency of early
diagnosis and treatment can be inculcated in future
research and policymaking to ensure adequate accessible
information to minimize the impact of the disease.
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