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INTRODUCTION

Mucormycosis, also known as zygomycosis or “black
fungus,” is a highly invasive fungal infection that impacts
immunocompromised individuals.1 Its prevalence in
developing countries, including but not limited to Iran,
Turkey, Chile, and India,2,3 during the coronavirus dis-
ease 2019 (COVID-19) pandemic has been of immense
interest. Diabetes and corticosteroid use are known to
severely impact outcomes in COVID-19 patients with
mucormycosis.1 In the COVID-19 era, the high prevalence
of diabetes in countries such as India, poor infection
control at the hospital treating COVID-19 patients, and
clandestine use of high-dose corticosteroids are attributed
as possible factors linked with the increasing prevalence
of mucormycosis and associated morbidity in developing
countries.4 COVID-19 patients in the setting of mucormy-
cosis are associated with increased hospital utilization,
intensive care unit (ICU) stay, and need for invasive sur-
gical procedures, as well as increased mortality. As such,
the prevalence of mucormycosis in COVID-19 patients
is of clinical and public health interest. The objective of
this study is to estimate the prevalence of mucormycosis
amongst hospitalized COVID-19, and COVID-19 among

hospitalized mucormycosis patients by performing a
systematic review and meta-analysis.
Our underlying question is as follows: What are the

in-hospital prevalence of mucormycosis in COVID-19 and
mucormycosis in COVID-19 patients?

MATERIALS ANDMETHODS

Relevant search terms were explored on PubMed/Medline
and Embase. Studies were included based on the follow-
ing inclusion criteria: (a) patients aged ≥18 years; (b)
case series of hospitalized, COVID-19–positive patients;
and (c) groupwise data on COVID-19 patients with and
without mucormycosis or mucormyosis with and with-
out COVID-19. Relevant data regarding clinical character-
istics, management, and treatment were collated. The Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) flowchart in Figure 1 provides details
regarding studies included in the systematic review and
meta-analysis. The pooled prevalence of mucormycosis in
hospitalized COVID-19 patients, as well as of COVID-19
in hospitalized mucormycosis patients were estimated by
performing a random-effects meta-analysis of proportions
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F IGURE 1 PRISMA flowchart for included studies. Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

obtained from individual studies. Detailed methodology is
provided in the Supporting Information. The protocol in
this study adheres to the Meta-analysis of Observational
Studies in Epidemiology (MOOSE) Checklist (Supplemen-
tal Table 4) and PRISMA-2020 guidelines (Supplemental
Table 5).

RESULTS

Description of included studies

Overall, 12 studies with a cumulative cohort of 50,778
were included in the systematic review and meta-analysis.
Key clinical characteristics and outcomes are summarized

(Supplemental Table 1). Of all patients included in the
meta-analysis, 516 were mucormycosis positive and the
mean age (reported for 36,759 patients) was 71.2 ± 10.2
years (mean± SD). The crude prevalence is identical to the
estimated pooled prevalence (Figure 2A,B and Supplemen-
tal Table 2). The methodological quality assessment and
bias analyses are also provided (Supplemental Table 3).

Estimated pooled prevalence of
mucormycosis among COVID-19 patients

A total of nine studies, with a cumulative cohort of
50,423 patients, assessed the estimated pooled prevalence
of mucormycosis among hospitalized COVID-19 patients
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F IGURE 2 Estimated proportion of (A) mucormycosis among hospitalized COVID-19 patients and (B) COVID-19 among hospitalized
mucormycosis patients. Abbreviation: COVID-19, coronavirus disease 2019

(Figure 2A). The pooled prevalence of mucormycosis
among COVID-19 patients was low and statistically signif-
icant (1%; 95% confidence interval [CI], 0% to 2%; p= 0.01).
There is considerable heterogeneity among the included
case series (I2 = 97.64%; p ≤ 0.0001).

Estimated pooled prevalence of COVID-19
among mucormycosis patients

Four case series, with a cumulative cohort of 355 patients,
assessed the estimated pooled prevalence of COVID-19
among hospitalized mucormycosis patients (Figure 2B).
The pooled prevalence was high, with over half of the

mucormycosis patients being COVID-19 positive, and sta-
tistically significant (57%; 95% CI, 45% to 69%; p ≤ 0.0001).
There is moderate to substantial heterogeneity among the
included case series (I2 = 53.2%; p = 0.09).

DISCUSSION

This meta-analysis demonstrated that there is a low esti-
mated pooled prevalence of mucormycosis among hos-
pitalized COVID-19 patients (1%). The reports on the
incidence of mucormycosis have been of significant inter-
est during the COVID-19 pandemic compared to previ-
ous years. This can be seen in a comparison made by
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Bayram et al.5 wherein there were six cases of rhino-orbital
mucormycosis between 2013 and 2016 compared to 11
cases between March and December of 2020. This trend is
also supported by results from this meta-analysis wherein
over half of the included patients with mucormycosis
were COVID-19 positive (57%). Previous studies focused on
the clinical characteristics of mucormycosis in COVID-19
patients2,3; however, our study reports, to the best of our
knowledge presumably for the first time, on the pooled in-
hospital prevalence estimates of mucormycosis in COVID-
19 and COVID-19 in mucormycosis patients. The story
of mucormycosis during the COVID-19 pandemic is still
evolving; this report presents an interim analysis that is
currently of significance; however, as evidence accumu-
lates, we postulate this may become more apparent over
the coming years once the acute phase of the pandemic has
passed through all continents.
The prevalence of mucormycosis is extremely high in

developing countries, specifically India, even prior to the
COVID-19 pandemic.6,7 This may be primarily due to the
high prevalence of uncontrolled diabetes.8–10 The results
from this systematic review and meta-analysis must be
interpretedwith caution. Studies included are of retrospec-
tive design and hence subject to high levels of selection
bias. There is a high level of heterogeneity amongst the
included case series. Further limitation includes the small
sample sizes of some of the included studies as well as
the varying treatment protocols across different centers.
However, mathematical modeling was used to contain the
effects of these limitations. The prevalence of andmortality
due to mucormycosis in hospitals may not accurately rep-
resent cases in the general population as several cases may
go undiagnosed and death due to mucormycosis-related
complications after discharge may not be accounted for.
This limits the extrapolation of our findings to the general
population. Despite the limitations, such meta-analyses
must be performed due to the urgency of the COVID-
19 pandemic and the need for evidence-based informa-
tion. For the benefit of readers, clinical characteristics of
individual case reports on mucormycosis in COVID-19 are
summarized in Supplemental Table 6.
In conclusion, this study shows that is a low prevalence

of mucormycosis among COVID-19 hospitalized patients
whereas over half of the included mucormycosis patients
areCOVID-19 positive. COVID-19 patients are at a high risk
of developing a mucormycosis infection. Further studies
on the association between COVID-19 and mucormycosis
are warranted.
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