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Abstract

Purpose of Review Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2) can increase the susceptibility of indi-
viduals to contracting mucormycosis through several mechanisms. Nowadays, coronavirus disease (COVID-19)-associated
mucormycosis (CAM) is a serious public health concern, particularly in developing countries. This meta-analysis aims to
identify the risk factors that affect the mortality rate of patients with CAM.

Recent Findings We systematically searched PubMed, Google Scholar, Scopus, Cochrane library, and preprint databases
using pertinent keywords and the reference lists of the included relevant articles from inception till October 27, 2021. In
order to reduce the effects of small-scale studies, we only selected cross-sectional, case—control, and cohort studies and
case series with at least four patients. We identified 26 articles that included 821 patients with CAM. The effect size (ES) of
mortality rate was 28% (95% confidence interval (CI) 20%—38%; 1> =82.28%; p for Cochran Q<0.001). The CAM patients
with a history of comorbidities other than diabetes (malignancies, transplant, or renal failure), mechanical ventilation due
to COVID-19, pulmonary and cerebral mucormycosis, and those who only received medical treatment for mucormycosis
had the highest mortality rate.

Summary Coronavirus disease (COVID-19)-associated mucormycosis (CAM) is a major public health problem, particularly
in developing countries. Severe COVID-19 infection, history of mechanical ventilation, early CAM, comorbidities other than
diabetes (malignancies, transplant, or renal failure), pulmonary and rhino-orbito-cerebral mucormycosis, and delivering only
medical treatment for mucormycosis were the worst prognostic factors in CAM patients. Identifying the mortality-related
risk factors in CAM patients may help reduce the mortality rate by implementing optimized treatment approaches.
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Introduction

A novel coronavirus (Severe Acute Respiratory Syndrome-
Coronavirus-2:SARS-CoV-2) arose from China in late
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pandemic [1]. Mucormycosis is an invasive fungal infec-
tion that primarily affects individuals with a history of dia-
betes, neutropenia, hematologic malignancies, or chronic
treatment with steroid/immunosuppressive drugs [2]. Thus
far, hundreds of cases of coronavirus disease (COVID-
19)-associated mucormycosis (CAM) have been reported
in the literature [3—40]. The causal relationship between
COVID-19 and mucormycosis is still under debate; however,
COVID-19 can promote the development of mucormycosis
through several proposed mechanisms, including hypoxia,
acidosis, hyperglycemia, cytokine storms, altered immune
response, lymphopenia, endothelialitis, administration of
systemic steroids/immunosuppressive drugs such as tocili-
zumab (anti-interleukin-6) and broad-spectrum antibiotics,
impaired phagocytic activity, increased free iron and ferritin,
overexpression of glucose-regulated protein 78(GRP 78),
and Mucorales ligand spore coat protein homologs (Cot-H)
[40-42]. Considering the widespread usage of systemic cor-
ticosteroids in the severely affected COVID-19 individuals
and the pathogenic role of COVID-19 and steroids in the
development of fungal infection, the prevalence of mucor-
mycosis has rapidly risen in the years 2020-2021 compared
with the previous years. Given the remarkable morbidity
and mortality of CAM, it has become a paramount health
concern, particularly in developing countries. In this study,
we aimed to investigate the mortality rate in individuals with
CAM and identify the mortality-related risk factors in these
patients.

Materials and Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) guideline [43] was used to perform
our systematic review. The study protocol was registered in
the international prospective register of systematic reviews
(PROSPERO) (registration number: CRD42021279722).
Besides, the ethics committee and institutional review
board of Shiraz University of Medical Sciences reviewed
and approved this study protocol (Approval No# IR.sums.
med.rec.1400.452).

Literature Search Strategy

Two independent reviewers (HB and HK) performed a com-
prehensive systematic review from inception till October
27, 2021. The search was performed on PubMed, Scopus,
Google Scholar, Cochrane library, and preprint (bioRxiv,
medRxiv) databases. We searched using keywords, includ-
ing (“mucormycosis” OR “phycomycosis” OR “mucor-
ales” OR “zygomycosis” OR “mucor” OR “rhizopus” OR
“rhizomucor” OR “cunninghamella” OR “lichtheimia”
OR “cokeromyces” OR “actinomucor” OR “saksenaea”
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OR “apophysomyces” OR “syncephalastrum”) AND (
“COVID-19” OR “COVID” OR “2019 nCOV” OR “2019
novel coronavirus” OR “SARS-COV-2” OR “SARS-COV
2” OR “Severe Acute Respiratory Syndrome Coronavirus
2”). The reference lists of the selected articles and previ-
ous reviews were checked, and relevant studies were also
included.

Study Selection
Eligibility Criteria

1- Case series with at least four reported patients diagnosed
with CAM, cross-sectional, case—control, and cohort
studies.

2- Patients with a confirmed diagnosis of COVID-19 (posi-
tive real-time polymerase chain reaction (RT-PCR) or
antigen for SARS-CoV-2) either before or at the time of
evolution of mucormycosis symptoms and signs. The
interval between these two infections should not be more
than three months.

3- Histopathologic or microbiologic documentation of
mucormycosis infection (proven cases of mucormycosis
according to (EORTC/MSGERC) consensus [44].

4- No language limitation.

Exclusion Criteria

1- Systematic reviews, narrative reviews, editorials, com-
mentary, and case reports.

2- Case series with less than four patients (some studies
reported four or more cases but proven CAM without
other fungal co-infections were registered in fewer than
four cases and were hence excluded).

3- Patients without an established diagnosis of COVID-19
OI MUCOrmycosis.

4- Patients with fungal infections other than mucormycosis
or mixed fungal disease.

5- Mortality rate not reported.

The characteristics of excluded studies are provided in
Supplementary Table 1.

Data Extraction

Three independent investigators (HB, ZB, and SK)
reviewed the searched articles and screened them, con-
sidering duplication and meeting the eligibility crite-
ria as mentioned earlier. Any inconsistencies between
the investigators’ findings were discussed with a senior
reviewer (VRO) until an agreement was achieved. We col-
lected the following data from the included articles: study
characteristics; demographic data including age and sex;



Current Fungal Infection Reports

history of diabetes and other comorbidities (hematological
malignancies, other types of malignancies, kidney disease,
chronic liver disease, renal transplant, asthma and chronic
obstructive pulmonary disease (COPD), neutropenia,
human immunodeficiency virus (HIV), or tuberculosis);
history of poor glycemic control (HbA1C>10%) or dia-
betic ketoacidosis (DKA) during admission; severity of
COVID-19 infection; history of mechanical ventilation
due to COVID-19; the interval between COVID-19 and
development of symptoms/signs related to mucormyco-
sis (in pulmonary mucormycosis where the symptoms/
signs related to mucormycosis overlap the COVID-19, the
interval between the documented diagnosis of COVID-
19 and mucormycosis was considered as a timeframe);
history of steroid administration for COVID-19; clinical
syndrome types of mucormycosis; treatment regimen of
mucormycosis; and outcome (alive, or died). The severity
of COVID-19 was determined according to World Health
Organization (WHO) criteria [45]. We classified patients
with mild or moderate severity as a non-severe group and
those with severe or critical as a severe group. Moreover,
we categorized patients with <7 days and >7-day inter-
vals between COVID-19 and development of mucormy-
cosis symptoms/signs as early and late CAM, respectively
[46, 47]. We differentiated the clinical syndrome types
of rhino-orbito-cerebral mucormycosis according to the
guidelines for the diagnosis, staging, and management
of rhino-orbito-cerebral mucormycosis in the setting of
COVID-19 [48]: sinonasal/oronasal (involvement of nasal
cavities (stage 1) with or without paranasal sinuses and/or
palate/oral cavity(stage 2)); rhino-orbital/orbital (ROM)
(involvement of nasolacrimal duct, eyeball, extraocular
muscles, orbital cavity, central retinal artery/ophthalmic
artery occlusion, or superior ophthalmic vein thrombosis
with or without nasal cavities/paranasal sinuses(stage 3));
rhino-orbito-cerebral/rhino-cerebralROCM) (involvement
of nasal cavities/paranasal sinuses and cavernous sinus,
cavernous sinus thrombosis, internal carotid artery occlu-
sion, brain parenchyma (infarct or abscess), skull base
or dura mater with or without orbital cavity/extraocular
muscles (stage 4)).

Quality Assessment of Study and Risk of Bias

The quality and risk of bias of case—control, cross-sectional,
and case series studies were assessed using the Joanna
Briggs Institute (JBI) critical appraisal checklists [49, 50].
We tried to avoid selection bias by contacting the corre-
sponding authors for each manuscript in which the mor-
tality-related prognostic variables and outcomes were not
identified. In order to alleviate the effects of small-scale
studies, we only included observational studies with four or
more reported patients.

Outcome Measures

The primary outcome measure was the mortality-related
risk factors for coronavirus disease (COVID-19)-associated
mucormycosis. Secondary outcome measures consisted of
the demographic, clinical characteristics, and mortality rate
of patients with CAM.

Statistical Analysis

All statistical analyses were performed using STATA ver-
sion 11.0 (Stata Corp., College Station, TX). Heterogeneity
was evaluated using Cochran’s Q test and the I’statistic. I?
(>50%) with Cochrane’s Q test (p < 0.1) showed the pres-
ence of significant heterogeneity across the included articles.
The mortality pooled prevalence with 95% confidence inter-
vals (95% Cls) was estimated as summary effect size (ES).
The MetaProp function using the random-effects model
(DerSimonian—Laird method) was used to pool prevalence
of mortality, and CIs were computed based on exact bino-
mial procedures (Clopper—Pearson). For pooling outcomes
with 0% or 100% across primary studies, Freeman—Tukey
double arcsine transformation stabilized the variances. We
performed additional analyses, including subgroup analyses
by age (>55 years, <55 years); sex (male, female); history
of diabetes and other comorbidities (positive, negative); his-
tory of poor glycemic control (HbA1C>10%) or diabetic
ketoacidosis (DKA) during admission (positive, negative);
severity of COVID-19 infection (non-severe, severe); his-
tory of mechanical ventilation due to COVID-19 (positive,
negative); the interval between COVID-19 and development
of symptoms/signs related to mucormycosis (early CAM,
late CAM); history of steroid administration for COVID-19
(positive, negative); clinical syndrome types of mucormy-
cosis (sino-nasal/oronasal, ROM, ROCM, or pulmonary);
treatment regimen of mucormycosis (only anti-fungal treat-
ment, antifungal+ surgical debridement) to detect the source
of heterogeneity based on some of moderators variables.

Results
Study Selection

The PRISMA flowchart (Fig. 1) demonstrated our search
strategy for this review. The present investigation included
26 case series, cross-sectional, and case—control stud-
ies for the systematic review and meta-analysis, and the
pooled data are extracted from 821 patients with CAM [6,
19, 27, 46, 51-72]. Of these 26 studies, the case series,
cross-sectional, and case—control studies were 18, 6, and
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow chart show the studies’ selection processes

2, respectively. Twenty studies were reported from India,
two from Iran, two from Egypt, one from Mexico, and one
from Turkey. All of the included articles were written in the
English language.

Quality Assessment of Study

The quality of the studies was evaluated according to JBI
critical appraisal tools [49, 50]. The risk of bias assessment
results of the included studies is summarized in Supplemen-
tary Table 2, Supplementary Table 3, and Supplementary
Table 4. Overall, all of the included studies had acceptable
quality and risk of bias.

Patients’ Demographics and Clinical Characteristics

The mean age of the patients was 51+11years. The other
demographic data and clinical characteristics of the
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included patients are shown in Table 1. CAM was more
common amongst males than females, with a male/female
ratio of 2.87. The most prevalent comorbidity in CAM
patients was diabetes 646/821(78.7%), and 85 of these cases
(13.2%) had new-onset diabetes. The median time of the
interval between COVID-19 and evolution of mucormycosis
symptoms and signs was about 15 days (range 0-50 days).
The use of the immunosuppressive drug (tocilizumab) in
addition to glucocorticoids was present in 17/792 patients
(2.1%).

Quantitative Synthesis of Mortality-Related Risk
Factors in CAM Patients

The meta-analysis of the studies showed that the overall
mortality rate in patients with CAM was 28% (95% CI
20%-38%; 1> =82.28%; p for Cochran Q<0.001) (Fig. 2).
The number of patients, mortality rate and ES, overall and
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Table 1 Demographic data and clinical characteristics of the included

patients
Variable Number*(%)
Sex
Male 609/821(74.2)
Female 212/821(25.8)
Comorbidities
Diabetes 646/821(78.7)
Hematological malignancies 12/821(1.5)
Other types of malignancies 1/821(0.1)
Kidney disease 34/821(4.1)
Renal transplant 8/821(1)
Asthma and COPD 10/821(1.2)
Chronic liver disease 4/821(0.5)
Neutropenia 3/821(0.4)
Tuberculosis 2/821(0.2)
HIV 4/821(0.5)
History of DKA or poorly glycemic control
Positive 204/607(33.6)
Negative 403/607(66.4)
Severity of COVID-19 infection
Non-severe 350/602(58.1)
Severe 252/602(41.9)

History of mechanical ventilation due to COVID-19
Positive
Negative
Interval between COVID-19 and mucormycosis
Early CAM
Late CAM
Steroid treatment for COVID-19
Positive
Negative
Clinical syndrome types of mucormycosis
Rhino-orbital/orbital
Sinonasal/oronasal
Rhino-orbito-cerebral/rhino-cerebral
Other
Pulmonary
Cutaneous
Disseminated
Renal
Gastrointestinal
Treatment regimen of mucormycosis
Only medical treatment
Medical + surgical treatment
Outcome
Alive
Died

151/574(26.3)
423/574(73.7)

76/463(16.4)
387/463(83.6)

643/792(81.2)
149/792(18.8)

479/815(58.8)
102/815(12.6)
198/815(24.3)

24/815(2.9)
6/815(0.7)
4/815(0.5)
1/815(0.1)
1/815(0.1)

77/516(14.9)
439/516(85.1)

588/815(72.1)
227/815(27.9)

*Number= numbers/total-number

COPD: chronic obstructive pulmonary disease; HIV: human immuno-
deficiency virus; DKA: diabetic ketoacidosis; COVID-19: coronavi-
rus disease; CAM: corona virus-associated mucormycosis

each subgroup heterogeneity, and significance of differ-
ences in mortality rate between each subgroup are shown in
Table 2. Our results showed that overall statistical hetero-
geneity for all variables is more than 50%, although some
subgroups had statistical heterogeneity of less than 50%.
Taking these findings into account, the heterogeneity of the
existing data about patients with CAM who were included
in our study is high. As shown in Table 2, there were no
statistically significant differences between the ES of the
mortality rate of subgroups considering age, sex, history
of diabetes, history of DKA or poor glycemic control, or
history of steroid administration for COVID-19. However,
significant differences were observed between the ES of the
mortality rate in patients with CAM regarding history of
comorbidities other than diabetes (75%; 95%CI 52%-93%;
I’=11.01%; p for Cochran Q=0.34 in the positive sub-
group), Pyaue;<0.001; the severity of COVID-19 infec-
tion (52%; 95%CI 29%-74%;, 1’=71.40%: p for Cochran
Q<0.001 in the severe subgroup), p,,,.=0.01; history of
mechanical ventilation due to COVID-19(94%; 95%CI
76%—100%:; 1= 30.86%:; p for Cochran Q=0.16 in the posi-
tive subgroup), p,,,.<0.001; the interval between COVID-
19 and mucormycosis (64%; 95%CI 47%—80%; 1’=2.99%:;
p for Cochran Q=0.42 in the early CAM subgroup),
Pyaine<0.001; clinical syndrome types of mucormycosis
(67%3;95%CI 40%—-90%; I? =66.78%: p for Cochran Q=0
and 71%: 95%CI1 22%-100%:; 1>=0; p for Cochran Q=0.52
in the ROCM and pulmonary subgroups, respectively),
Pyae<0.001; and treatment regimen of mucormycosis
(91%;95%C1 63%—-100%:12= 3.02%:; p for Cochran Q=0.41
in the only medical treatment subgroup), py,;,.<0.001. The
patients with a positive history of mechanical ventilation,
comorbidities other than diabetes, pulmonary mucormy-
cosis and ROCM, and those who only received medical
treatment for mucormycosis had the highest ES of mor-
tality rate followed by early CAM and severe COVID-19
infection.

The CAM patients with comorbidities other than diabe-
tes had significantly higher mortality rates in comparison
with those with diabetes (75%; 95%CI 52%—-93% versus (vs.)
24%; 95%CI 13%—-37%) P ya1ue<0.001.

Our analysis showed that pulmonary mucormycosis and
ROCM had a significantly higher mortality rate than ROM
and sino-nasal subgroups. However, the difference between
the ES of mortality of pulmonary and ROCM subgroups
was not statistically significant (p,,,.=0.77). Besides,
we merged ROM, sino-nasal, and ROCM subgroups and
considered them as a non-pulmonary subgroup. Pulmo-
nary mucormycosis showed significantly higher mortal-
ity rate in comparison to non-pulmonary subgroup (71%;
95%CI 22%-100%; 1>=0; p for Cochran Q=0.52 vs. 28%;
95%CI 17%—40%; 1°=76.13%:; p for Cochran Q<0.001) p
=0.038.

value
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Discussion considering the clinical syndrome types of mucormycosis.

In developing countries, diabetes mellitus is the most com-
mon underlying cause of mucormycosis[73]; however, in
developed countries, hematologic malignancies and trans-
plants play a major predisposing role [74]. Similarly, in our
study, as the included articles are reported from India, Iran,
Egypt, Mexico, and Turkey, the most prevalent risk factor for
contracting mucormycosis is diabetes mellitus. The underly-
ing disease determines the clinical presentation of mucor-
mycosis (i.e., diabetes predisposes patients more to rhino-
orbital mucormycosis, while patients with hematologic
malignancies and transplants are more commonly present
with pulmonary, disseminated, and gastrointestinal mucor-
mycosis). Therefore, the most common clinical presentation
of mucormycosis differs between developed and developing
countries depending on the prevalence of the various comor-
bidities or risk factors. Pulmonary is the most frequent type
of mucormycosis in western countries; however, in develop-
ing countries, rhino-orbital is the most prevalent type [74,
75]. In our study, similar to the previous reports [73, 75],
ROM is the most common type of mucormycosis, followed
by ROCM, sinonasal/oronasal, and pulmonary.

To the best of our knowledge, few systematic reviews
concerning the mortality rate of patients with CAM and
identifying its related risk factors have been reported in the
literature so far [47, 62, 76]. In our review, the overall mor-
tality rate of CAM is 28%, which varies from 28% to 71%,
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As all of the included studies are reported from developing
countries, the overall mortality rate in our study is similar
to the mortality rate of non-pulmonary (ROM, sino-nasal,
and ROCM) mucormycosis. Our results are similar to the
prior report of the case fatality rate of mucormycosis without
COVID-19 [2]. Similarly, Patel et al. [46] showed no signifi-
cant differences between the 6-week and 12-week mortality
rates of patients with CAM and non-CAM. However, sub-
group analysis of the ES of the mortality rate in our study
regarding the time interval between COVID-19 and mucor-
mycosis demonstrated that early vs. late CAM had statisti-
cally different mortality rates (64%vs.26%). Further studies
are warranted to clarify the exact correlation between mor-
tality rates of CAM patients and the time interval between
COVID-19 and mucormycosis. The patients with comorbidi-
ties other than diabetes, history of mechanical ventilation,
ROCM and pulmonary mucormycosis, and those who only
received medical treatment for mucormycosis had the high-
est mortality rate in our review. However, age, sex, and his-
tory of diabetes had no significant effect on mortality rate,
similar to Pal et al. [76] suggestions.

The ES of mortality rate in patients with comorbidities
other than diabetes, including hematological malignancies,
other types of malignancies, kidney disease, chronic liver
disease, renal transplant, asthma and chronic obstructive
pulmonary disease(COPD), neutropenia, human immuno-
deficiency virus (HIV), or tuberculosis is significantly higher
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Table 2 Meta-analysis of the patients with CAM considering the mortality rate and significance of its differences between each subgroup of

variables
Variable Subgroup Num- Number ES(%) Statistical Overall statistical Overall p P a1 Of the
ber of of deaths (95%CI) of heterogeneity(lz) heterogeneity(Iz) for Cochran significance
patients mortality rate (%) (%) Q of differences
in mortal-
ity between
subgroups
Age >55 years 286 112 36(20-54) 75.57 82.28 <0.001 0.281
55 years> 529 115 25(15-36) 79.98
Sex Male 205 57 23(10-39) 72.43 65.94 <0.001 0.428
Female 85 28 33(14-54) 58.93
History of Positive 396 84 24(13-37) 78.01 72.62 <0.001 0.199
diabetes Negative 72 23 41(19-65) 48.16
History of Positive 166 28 33(6-66) 69.24 67.29 <0.001 0.439
poor glyce- Negative 208 43 20(8-35) 67.38
mic control
or DKA
History of Positive 36 25 75(52-93) 11.01 66.87 <0.001 <0.001
comor- Negative 220 36 15(7-24) 41.56
bidities
other than
diabetes*
Severity of Severe 96 49 52(29-74) 71.40 77.06 <0.001 0.01
COVID-19  Non-severe 74 8 5(0-19) 49.48
History of Positive 53 47 94(76-100) 30.86 81.85 <0.001 <0.001
mechanical  Negative 77 25 21(5-43) 69.09
ventila-
tion due to
COVID-19
Interval Early CAM 70 43 64(47-80) 2.99 71.94 <0.001 <0.001
between Late CAM 387 120 26(14-38) 74.78
COVID-19
and mucor-
mycosis
History of Positive 359 99 31(19-43) 74.18 67.69 <0.001 0.585
steroid Negative 40 8 10(0-28) 15.05
administra-
tion for
COVID-19
Clinical syn-  Rhino-orbital/ 184 47 21(9-34) 54.55 66.71 <0.001 <0.001
drome types orbital
of mucormy-  §jnonasal/oro- 81 4 0(0-3) 0
cosis nasal
Rhino-orbito- 81 44 67(40-90) 66.78
cerebral/rhino-
cerebral
Pulmonary 8 5 71(22-100) 0
Treatment Only medical 17 14 91(63-100) 3.02 64.88 <0.001 <0.001
regimen of treatment
mucormy- Medical+surgical 218 46 17(8-27) 53.81
Cos1s treatment

*Comorbidities other than diabetes include hematological malignancies, other types of malignancies, kidney disease, chronic liver disease, renal
transplant, asthma and COPD, neutropenia, HIV, tuberculosis

CAM: corona virus-associated mucormycosis; ES: effect size; CI: confidence interval; DKA: diabetic ketoacidosis; COVID-19: coronavirus dis-
ease; COPD: chronic obstructive pulmonary disease; HIV: human immunodeficiency virus
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than those with diabetes (75% vs. 24%). Similarly, Turner
et al. [77] showed that the mortality rate of patients with
diabetes and mucormycosis was lower than those with other
comorbidities. One possible reason for this finding is that,
as earlier mentioned, pulmonary, disseminated, and gastro-
intestinal mucormycosis with a worse prognosis than rhino-
orbital are more prevalent in the presence of malignancies,
transplantation, or neutropenia.

Severely-ill COVID-19 patients are at a higher risk of
developing secondary fungal infections, including asper-
gillosis, candidiasis, cryptococcosis, mucormycosis, and
a greater fatality rate than non-severe cases, through more
severe alterations in the immune responses [78—81], consist-
ent with our findings. In contrast, Pal et al. [76] suggested
that COVID-19 severity had no prognostic effect on the mor-
tality rate. They included only 51 patients in their analysis
of the effect of severity of COVID-19 on the mortality of
CAM patients. Surprisingly, the number of patients with
CAM in the mild—moderate group was more than those in
the severe-critical group (38 vs.13), and the mortality rate in
the earlier group was higher than the latter (50% vs.31%) in
their study. However, this difference was not statistically sig-
nificant. The small sample size might affect the findings of
Pal et al.; consequently, further studies with a higher sample
size are necessary to substantiate the exact effect of sever-
ity of COVID-19 on the mortality of CAM patients. The
history of mechanical ventilation due to COVID-19 had the
worst prognostic effect, and most of the patients with a his-
tory of mechanical ventilation died, similar to the previous
report [82]. It could be explained by the fact that mechani-
cally ventilated individuals are more acutely ill. Besides,
delay in the diagnosis and/or surgical debridement due to
the poor general medical condition might contribute to the
higher mortality rates in mechanically ventilated individuals.
Therefore, in mechanically ventilated patients, meticulous
and regular examination and screening for the presence of
signs/symptoms related to mucormycosis and performing
surgical debridement if indicated, at an appropriate time, are
mandatory to reduce the mortality in these patients.

Similar to our findings, Hoenigl et al. [83] suggested that
pulmonary mucormycosis had a significantly higher mortal-
ity rate than rhino-orbital mucormycosis; however, the dif-
ference between pulmonary and ROCM was not statistically
significant. In contrast, Riad et al. [62] showed that patients
with pulmonary mucormycosis had a significantly higher
mortality rate than those with cerebral involvement. The
small sample size of ROCM (22 patients) might affect the
findings of Riad et al. It seems that mucormycosis with cer-
ebral involvement, pulmonary, gastrointestinal, and dissemi-
nated renders the worst prognosis; however, cutaneous and
sino-nasal are associated with the most favorable outcome
[84]. Besides, in our review, the differences between the
ES of the mortality rate of pulmonary and non-pulmonary

@ Springer

mucormycosis were statistically significant, consistent with
Pal et al. [76] and Garg et al. [85] reports.

Our results showed that ROCM and delivering only medi-
cal treatment to the patients with CAM are associated with
worse prognosis, which is consistent with Turner et al.’s [77]
findings; therefore, a timely diagnosis and aggressive medi-
cal and surgical treatment in a sinus mucormycosis subtype
is a crucial step for preventing from extension of infection
to the cerebrum and reducing the mortality rate of these
patients.

Limitations

The limitations of our study are as follows: 1- We performed
this meta-analysis through a comprehensive systematic
search; however, most of the existing studies about patients
with CAM are case reports, case series, and cross-sectional
without control subjects. Further high-quality cohort and
case—control studies are warranted to accurately identify the
mortality-related risk factors in CAM patients. 2- There was
significant heterogeneity in the reporting data. To alleviate
the effect of this heterogeneity on our results, we catego-
rized each variable into subgroups and performed subgroup
analysis. 3- A few included studies reported mortality rates
as a whole and did not mention the exact mortality rates in
each subgroup of the variables; consequently, we excluded
these data from our meta-analysis.

Conclusion

This study is a meta-analysis concerning mortality-related
risk factors in patients with CAM. The present study showed
that history of comorbidities other than diabetes (malignan-
cies, transplant, or renal failure), the severe COVID-19,
history of mechanical ventilation, early CAM, pulmonary
mucormycosis and ROCM, and delivering only medical
treatment are the worst prognostic factors and are associated
with a high mortality rate. Identifying the mortality-related
risk factors in CAM patients may help reduce the mortality
rate of patients with mucormycosis during the COVID-19
pandemic by implementing a more aggressive therapeutic
approach when one or more of these predisposing factors
are present.
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