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1 | INTRODUCTION

Abstract

In its wake, the COVID-19 pandemic has ushered in a surge in the number of cases
of mucormycosis. Most cases are temporally linked to COVID-19; hence, the entity is
described as COVID-19-associated mucormycosis (CAM). The present systematic re-
view was undertaken to provide an up-to-date summary of the hitherto available lit-
erature on CAM. PubMed, Scopus and Google Scholar databases were systematically
searched using appropriate keywords till 14 May 2021, to identify case reports/case
series pertaining to mucormycosis in patients with COVID-19. Relevant data extracted
included demographic characteristics, comorbidity profile, clinical category of mucor-
mycosis, glucocorticoid use, treatment offered and patient outcome. We identified 30
case reports/case series, pooling data retrieved from 99 patients with CAM. Most cases
were reported from India (72%). The majority of the patients was male (78%) and had
diabetes mellitus (85%). A prior history of COVID-19 was present in 37% patients with
mucormycosis developing after an initial recovery. The median time interval between
COVID-19 diagnosis and the first evidence of mucormycosis infection or CAM diagnosis
was 15 days. Glucocorticoid use was reported in 85% of cases. Rhino-orbital mucormy-
cosis was most common (42%), followed by rhino-orbito-cerebral mucormycosis (24%).
Pulmonary mucormycosis was observed in 10 patients (10%). The mortality rate was
34%; the use of adjunct surgery, which was undertaken in 81% of patients, was associ-
ated with better clinical outcomes (p <.001). In conclusion, CAM is an emerging problem
necessitating increased vigilance in COVID-19 patients, even those who have recovered.

CAM portends a poor prognosis and warrants early diagnosis and treatment.
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between COVID-19 and mucormycosis remains unearthed, multiple

As the novel coronavirus disease (COVID-19) continues to rampage, an
abrupt increase in the number of opportunistic fungal infections has
been observed. Globally, several cases of mucormycosis have been
described in patients with COVID-19,"8 an entity being described as
COVID-19-associated mucormycosis (CAM). Although a causal link

factors including glucocorticoids, worsening of blood glucose control
and viral-induced lymphopenia have been implicated in the develop-
ment of mucormycosis in patients with COVID-19.

Hitherto, the available literature on CAM is heterogeneous in terms
of patient characteristics and clinical outcomes. A review of the litera-

ture published in April 2021 did provide a collated summary; however,
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it had included only 43 cases.” Subsequently, there has been an upsurge
in the number of cases of CAM that have been reported from all across
the world. 1015

Hence, the present systematic review was undertaken to pro-
vide an up-to-date summary of the available literature on CAM.

2 | METHODS

This systematic review was conducted and reported according to
the Preferred Reporting Items for Systematic reviews and Meta-
analyses (PRISMA) statement.'®

2.1 | Search strategy

Two investigators (RP and BS) independently performed a system-
atic search of the literature across the PubMed, Scopus and Google
Scholar databases from inception till 14 May 2021, using the fol-
lowing keywords interposed with appropriate Boolean operators:
‘COVID-19’ OR ‘SARS-CoV-2' AND ‘mucormycosis’. The language
was restricted to English only. The references of relevant reviews
and retrieved articles were also screened for potentially eligible ar-
ticles. For missing data, the corresponding authors of the potentially

eligible studies were contacted wherever possible.

2.2 | Eligibility and exclusion criteria

Eligibility criteria were set as follows:

1. Case reports and case series with a diagnosis of mucormycosis
were included

2. Patients must have had a proven diagnosis of COVID-19 either
prior to or at the time of development of mucormycosis

3. Patients having co-infections of mucormycosis and aspergillosis
were also included

Exclusion criteria were set as follows:

1. Patients having fungal infections other than mucormycosis were
excluded

2. Patients without a confirmed diagnosis of COVID-19 (or serologi-
cal evidence of prior COVID-19) were excluded

3. Reviews, systematic reviews, comments and editorials

2.3 | Data extraction

Two investigators (RP and MB) independently scanned titles and/or
abstracts to exclude duplicate studies and studies that failed to meet
the aforementioned eligibility criteria. Potentially eligible studies were
full-text assessed. Any discrepancies between the aforementioned
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investigators were solved by discussion, consensus or arbitration by a
third senior investigator (SKB). Studies hence selected were reviewed,
and the following data were extracted from full-text reports for further
assessment: study characteristics, number of patients reported, patient
characteristics and comorbidities, present or prior history of COVID-19,
the severity of COVID-19, the time from COVID-19 to mucormycosis
diagnosis, presence or absence of diabetic ketoacidosis, the clinical cat-
egory of mucormycosis, the fungal species isolated from clinical speci-
mens, whether corticosteroids had been used for the management of
COVID-19, use of other treatment modalities (like remdesivir, tocili-
zumab, convalescent plasma, antivirals and antibiotics), antifungal drug(s)
used, any adjunct surgery performed for mucormycosis, investigations
(blood glucose, C-reactive protein, ferritin, D-dimer and creatinine) and
reported patient outcome (alive, deceased, or lost to follow-up).

For the sake of uniformity, irrespective of the category assigned
by the authors, wherever possible, we tried to classify the severity
of COVID-19 as follows :

e Mild: Individuals who have any of the various signs and symptoms
of COVID-19 but who do not have shortness of breath, dyspnoea
or abnormal chest imaging

e Moderate: Individuals who show evidence of lower respiratory
disease during clinical assessment or imaging and who have an
oxygen saturation (SpO,) > 94% on room air at sea level

e Severe: Individuals who have SpO, < 94% on room air at sea level,
a ratio of arterial partial pressure of oxygen to fraction of inspired
oxygen (PaO,/FiO,) < 300 mm Hg, respiratory frequency >30
breaths/min, or lung infiltrates >50%

e (Critical: Individuals who have respiratory failure, septic shock
and/or multiple organ dysfunction

Where the reported clinical data were insufficient, the disease
severity designated by the authors was used for the present sys-
tematic review.

We also tried to decipher the time interval between COVID-19
diagnosis and the onset of symptoms of mucormycosis. Mucormycosis
was considered ‘concurrent’ if evidence of infection was present at the
time of diagnosis of COVID-19. Reports where there was no clarity in
the timing of onset of symptoms (as in patients with pulmonary mucor-
mycosis complicating an underlying severe/critical COVID-19 disease),
we considered the time when a diagnosis of mucormycosis was made.

2.4 | Assessment of study quality and risk of bias

As all the included studies were either case reports or case series, a
formal assessment of study quality and risk of bias was not performed.

2.5 | Statistical analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences (SPSS) 23.0 software program (SPSS Inc,
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Chicago, IL, USA). Kolmogorov-Smirnov test was used to check
the normality of the extracted data. Normally distributed data
were expressed as mean + standard deviation (SD), while non-
parametric data were expressed in median (interquartile range,
IQR). Categorical data were expressed as proportions (%). The
comparison of demographic and other parameters between
groups (alive vs. deceased) was made using independent samples t
test (for continuous variables) or Pearson chi-square test/Fisher's
exact test (for categorical variables). A p value <.05 was consid-

ered to be statistically significant.

3 | RESULTS

Following a thorough literature search and meticulous study se-
lection process, we included 30 case reports/case series in our
systematic review, pooling data retrieved from 99 patients with
CAM. 1810151833 Tha sty dy selection process has been summarised
in the PRISMA flowchart (Figure 1). The patient details extracted
from the case reports/case series have been described in Tables S1
and S2.

Out of these 30 studies, 21 were individual case reports
1710.11,18-27.29.31 \yhile 9 were case series reporting 2,1228:32 ¢ 815
10,1330 17 cases 32 and 23 cases,'* respectively. Most of the cases
were reported from India (71 cases, 72%) followed by the United
States of America (10 cases, 10%), Egypt (6 cases, 6%), Iran (3 cases,
3%), Brazil (2 cases, 2%) and Chile (2 cases, 2%). One case each
was reported from the United Kingdom, France, Italy, Austria and
Mexico. Only 14 cases of CAM (14%) were reported in 2020, while
the rest of the cases (86%) were reported in 2021.

The analysed data have been summarised in Table 1. Of note,
there was a noticeable gender bias, with 78% of the cases being
male. Diabetes mellitus was present in the majority of the cases
(85%). Hypertension was the second most prevalent comorbidity
after diabetes mellitus. Only four patients (4%) did not have any co-
morbidity. Most of the patients had a present history of COVID-19
(63%); nevertheless, the rest (37%) had a prior history of COVID-19
with mucormycosis developing after an initial recovery. Although
COVID-19 was severe/critical in most patients (67%), mucormycosis
developed even in patients with mild/moderate disease (24%). The
median time interval between COVID-19 diagnosis and the first ev-
idence of mucormycosis infection or CAM diagnosis was 15 days;
however, mucormycosis developed even as late as 42 days and
90 days following COVID-19 diagnosis.®?

The use of glucocorticoids for the management of COVID-19
was observed in 85% of the cases. Parenteral dexamethasone was
the most commonly used glucocorticoid. The dose and duration of
the glucocorticoid were infrequently reported across the included
articles, hence, could not be analysed. Rhino-orbital mucormyco-
sis was most common (42%), followed by rhino-orbito-cerebral
mucormycosis (24%). Pulmonary mucormycosis was observed
in 10 patients (10%). The predominant fungal organism identi-
fied was Rhizopus sp. Mixed mould infection (mucormycosis and
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FIGURE 1 Preferred Reporting Items for Systematic reviews and
Meta-analyses (PRISMA) flowchart showing the study selection
process

aspergillosis) was reported in 4 patients.m’23'32’33 Surgery, as an
adjunct to antifungal therapy, was undertaken in 81% of the pa-
tients. The biochemical parameters, namely HbAlc, blood glucose,
CRP, ferritin, D-dimer and creatinine, were scarcely reported and
excluded from the analysis.

The final outcome was reported in 96 cases, while 3 patients
were lost to follow-up. Out of these 96 cases, 33 (34%) were
deceased, while 63 (66%) were alive. Table 2 depicts the differ-
ences in the clinical profile of patients who were alive compared
to those who were deceased. Notably, patients with pulmonary
mucormycosis showed a trend towards poor outcomes as com-
pared to patients with rhino-orbital/rhino-cerebral/rhino-orbito-
cerebral mucormycosis (p = .084). Besides, the use of adjunct
surgery was found to be associated with better clinical outcomes
(p <.001).

4 | DISCUSSION

The present systematic review that had included 99 cases of CAM
reported till 14 May 2021 provides an updated summary of this
unique clinical entity. The majority of the cases were reported from
India. Most of the patients were male with an underlying history of
diabetes mellitus and had received glucocorticoids for the manage-
ment of COVID-19. Patients with CAM had a high mortality rate
(34%); the use of adjunct surgery for mucormycosis was associated
with improved clinical outcomes.
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TABLE 1 Summarising the characteristics of the patients TABLE 1 (Continued)
included in the systematic review

Parameter Value
Parameter Value Ve 2 (10%)
Age (years)® 52.6 £+ 139 Lichtheimia sp 1 (5%)
Mean = SD .
Use of glucocorticoids for management of 82 (85%)
M:F 7:2 COVID-19'
Presence of diabetes mellitus 84 (85%) Use of broad-spectrum antibiotics during 40 (87%)
Type of diabetes mellitus® management of COVID-19’
T2D 25 (78%) Use of amphotericin B for treatment of 87 (95%)
T1D 2(6%) mucormycosis
0
N e ey dhEnesad 5 (16%) Use of adjunct surgery for mucormycosis 80 (81%)
Other comorbidities® Outcome
HTN 28 (58%) Alive 63 (64%)
Heart disease® 6 (12%) Deceased 33(33%)
CKD/ESRD 8 (17%) Lost to follow-up 3 (3%)
Obesity 3 (6%) Calculated from 76 patients in whom individual data were available.
Asthma 2 (4%) PData on the type of diabetes were available in 32 patients.
H hvroidi 3(6% “Data on comorbidities other than diabetes mellitus were available in 72
ypothyroidism (6%) patients of whom 48 had 21 comorbidities and 24 had none.
Haematological malignancy 2 (4%) dIncludes ischaemic heart disease, coronary artery disease, ischaemic
Obstructive sleep apnoea 1(2%) cardiomyopathy.
Chronic liver disease 1(2%) €COVID-19 severity was reported in 54 patients.
Atrial fibrillation 1(2%) fBased on data available from 23 patients. COVID-19 and mucormycosis
? was deemed concurrent in 17 patients, while in 3 patients,
History of COVID-19 mucormycosis was diagnosed postmortem.
Present 62 (63%) 8Presence or absence of diabetic ketoacidosis was reported in 70
Prior 37 (37%) patients.
COVID-19 itye "Data on causative Mucorale was available from 21 patients.
-19 severi )
) Y 'Data on use of glucocorticoids for the management of COVID-19 was
Mild 7 (13%) available from 96 patients.
Moderate 6 (11%) IData on the use of one or more broad-spectrum antibiotics during the
Moderate to severe 5(9%) management of COVID-19 were available from 46 patients.
Severe 16 (30%) Data on the use of one or more antifungal agents were available from
? 92 patients.
Critical 20 (37%)
Time interval between COVID-19 diagnosis and
evider:ce of mucormycosis infection or diagnosis In its wake, the COVID-19 pandemic has ushered in a surge in
d . .
GEIE) the number of cases of mucormycosis. For example, a retrospective
Median (interquartile range) 15 (8-19) observational study from a tertiary care hospital in Egypt reported
Presence of diabetic ketoacidosis® 20 (29%) 12 cases of rhino-orbito-cerebral mucormycosis (ROCM) identified
Clinical category of mucormycosis over 6 months (25 March 2020 to 25 September 2020). The num-
Rhino-orbital 41 (42%) ber of cases identified was much higher than those presenting in
Nose/paranasal sinus 16 (16%) the prior 3 years during the corresponding 6-month interval (1 case
Rhino-cerebral 4 (4%) in 2017, 2 in 2018 and 1 in 2019).1° Similarly, a prospective single-
Rhino-orbito-cerebral 24 (24%) centre observational study conducted in India from August 2020 to
Oral 1(1%) December 2020 identified 23 cases of invasive mucormycosis of the
Pulmonary 10 (10%) paranasal sinuses. This is in stark contrast to a report published in
Gastrointestinal 1(1%) 2015 from two large medical institutes in Mumbai, India that encom-
0
cut 1% passed only 20 cases over a period of 3 years.>* The majority of the
utaneous
g oo cases have been temporally linked to COVID-19; hence, the entity is
Disseminate 1(1%
. (%) described as COVID-19-associated mucormycosis and abbreviated
Causative Mucorale 2s CAM or CAMCR 929
Rhizopus sp 18 (85%)

Several observations have emerged from the present systematic
review. We found a drastic geographical disparity, with most cases
(Continues) being reported from India (72%). Nevertheless, India has the highest
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TABLE 2 Showing comparison of patients who were alive vs.
those who were deceased

Alive Deceased p
Parameter (n=42) (n=33) value
Age (years) 53.2+12.8 51.7+155 .645
Mean + SD
M:F 33:9 28:5 489
Presence of diabetes 37 (88%) 25 (76%) 161
mellitus
History of COVID-19
Present 30 (71%) 27 (82%) .296
Prior 12 (29%) 6 (18%)
COVID-19 severity®
Mild and moderate 19 (68%) 19 (83%) .336
Severe and critical® 9 (32%) 4 (17%)
Clinical category of
mucormycosis®
Pulmonary mucormycosis 3(7%) 7 (23%) .084
ROM/RCM/ROCM 38 (93%) 23 (77%)
Use of adjunct surgery for
mucormycosis
Yes 38 (90%) 18 (54%) <.001
No 4 (10%) 15 (46%)

Abbreviations: RCM, Rhino-cerebral mucormycosis; ROCM, Rhino-
orbito-cerebral mucormycosis; ROM, Rhino-orbital mucormycosis; SD,
Standard deviation.

2Analysed with data available from 51 patients.

PPatients with moderate to severe disease have also been considered as
having severe disease for the statistical analysis.

“Analysed with data available from 71 patients. Other sites of
mucormycosis have not been included in the analysis.

burden of mucormycosis globally, with an estimated prevalence of 140
cases per million population.35 Besides, India is home to nearly 77 mil-

lion people with diabetes, with a nationwide prevalence of 7.3%.36%7

Diabetes mellitus being a major risk factor for mucormycosis, >3840
a spurt in the number of cases of CAM from India is not surprising.

As would be expected, most of the patients had underlying di-
abetes mellitus (85%). Existing data suggest that individuals who
lack phagocytes or have impaired phagocytic function are at higher
risk of mucormycosis.** Neutrophils are critical for inhibiting the
proliferation of fungal spores. Besides, both mononuclear and
polymorphonuclear phagocytes of a normal host kill Mucorales by
generating reactive oxygen species and cationic peptides, namely
defensins.*243 Hyperglycemia, as seen in patients with uncon-
trolled diabetes mellitus, leads to phagocyte dysfunction, impaired
chemotaxis and defective intracellular killing by oxidative and non-
oxidative mechanisms.**

Although data on the degree of glycemic control were infre-
quently reported across all the included studies, it is expected that
COVID-19 might have further worsened the glucose profile of the
patients with diabetes, thereby further predisposing them to mucor-
mycosis. Multiple mechanisms have been implicated in the genesis

or worsening of dysglycaemia in patients with COVID-19. Of note,
SARS-CoV-2 can infect and replicate in the human islet cells,*®
leading to p-cell damage and reduced endogenous insulin secre-
tion.*®# Besides, the plethora of cytokines, as seen in patients with
COVID-19, can lead to worsening of insulin resistance.”” Usually el-
evated in patients with severe COVID-19, interleukin-6 (IL-6) causes
insulin resistance by impairing the phosphorylation of insulin recep-
tor and insulin receptor substrate-1.4% Elevated IL-6 levels have been
observed even in one-third of patients with mild COVID-19 that can
contribute to dysglycaemia in such patients.49 Lastly, drugs used in
the management of COVID-19, namely glucocorticoids, lopinavir-
ritonavir and remdesivir can further worsen glucose control and pre-
dispose to mucormycosis.47

Apart from uncontrolled hyperglycemia, free unbound iron in
serum plays an essential role in the pathogenesis of mucormycosis.
Diabetic ketoacidosis, an important risk factor for mucormycosis, is
associated with increased serum levels of free iron secondary to aci-
dosis and proton-mediated displacement of ferric iron from transfer-
rin.>° Likewise, severe COVID-19 is a hyper-ferritinemic state. High
serum ferritin leads to excess intracellular iron that generates reac-
tive oxygen species and resultant death of hepatocytes. Cytokines,
especially IL-6, stimulate ferritin synthesis and downregulate iron
export resulting in intracellular iron overload, further aggravating
the process.>! Following tissue damage, ferritin is released into the
bloodstream; circulating ferritin loses part of the inner iron content,
producing high levels of free iron.>%53

Another possible link between COVID-19 and mucormycosis is
the development of ketoacidosis. Ketonemia and ketoacidosis have
been observed in patients with COVID-19, even in the absence of di-
abetes mellitus.>* Apart from raising free iron levels, acidosis impairs
phagocytic activity predisposing to mucormycosis.44

The use of glucocorticoids is a known risk factor for the de-
velopment of mucormycosis.41 Glucocorticoid-induced immuno-
suppression, hyperglycaemia and lymphopenia predispose to the
pathogenesis of mucormycosis. The rampant use of glucocorticoids
in patients with COVID-19 has undoubtedly contributed to the
upsurge in the number of cases of CAM.??73% Other factors that
predispose COVID-19 patients to the development of CAM include
viral-induced lymphopenia and endotheliitis. Widespread endothe-
lial damage, as seen in patients with COVID-19 might promote adhe-
sion and penetration of Mucorales to the endothelium. Endothelial
adhesion and penetration are critical early steps in the pathogenesis
of mucormycosis.” The likely association between COVID-19 and
mucormycosis has been schematically represented in Figure 2.

Another indirect association between the concomitant surge in
COVID-19 and mucormycosis is the dissemination of fungal spores
via water used in oxygen humidifiers. Indeed, hospital water is a
potential reservoir for fungi including Mucorales.>® Transmission of
mucormycosis via water in oxygen humidifiers could be a potential
reason for the disproportionate increase in the number of CAM
cases in a developing country like India.

We found that in nearly one-third of the cases of CAM, there was
a prior history of COVID-19. This necessitates continued vigilance
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FIGURE 2 Schematic diagram showing the likely association
between the novel coronavirus disease (COVID-19) and
mucormycosis. IL-6, Interleukin-6

and regular follow-up even after recovery from COVID-19, especially
those with uncontrolled blood glucose and who had been on high-
dose glucocorticoid therapy of significant duration. The present sys-
tematic review suggests that extra caution should be exercised and
a high index of suspicion for CAM should be kept, especially for the
first 15 days following the diagnosis of COVID-19.

We observed a mortality rate of 34%, which is similar to that re-
ported in the literature in patients with mucormycosis not associated
with COVID-19.%¢ Thus, although COVID-19 predisposes an individ-
ual to mucormycosis, it does not appear to alter the prognosis in such
patients. Pulmonary mucormycosis, which was observed in 10% of
the cases, was associated with a trend towards poor outcomes as
compared to rhino-orbital/rhino-cerebral/rhino-orbito-cerebral mu-
cormycosis. The possible reason being a delay in the diagnosis of pul-
monary mucormycosis.>” This is more likely in patients with severe/
critical COVID-19, in whom the underlying cytokine-mediated acute
respiratory distress syndrome (ARDS) may mask the symptoms of
pulmonary mucormycosis, thereby causing significant delay in diag-
nosis. However, pulmonary mucormycosis should be kept high on
the cards in COVID-19 patients who redevelop cough, expectoration
and worsening of respiratory distress while recovering from ARDS.

Regarding the management of CAM, we found that surgery
(sinonasal debridement in most cases) as an adjunct to antifungal
therapy was associated with higher survival rates. The debridement
surgery needs to be performed before the infection spreads to other
adjoining areas, particularly the brain.’® Thus, timely debridement is
essential in improving patient outcomes in CAM; however, surgery
may be challenging in a patient infected with SARS-CoV-2 and de-
mands extra precautions and the use of barrier draping techniques
by the operating surgeons.z‘c"59

The present systematic review happens to be the largest hith-
erto available data on CAM. Grey literature search on Google Scholar

Diagnosis, Therapy and Prophylaxis of Fungal Diseases

database helped us identify cases that we would have missed if we
only restricted our search to PubMed. Besides, to the best of our
knowledge, this is the only systematic review on CAM that has been
performed in accordance with the PRISMA statement. Nonetheless,
we humbly acknowledge the limitations of our review. First, in the
absence of a denominator, it was not possible to calculate the inci-
dence of CAM in patients with COVID-19. Second, in the absence of a
control group (ie COVID-19 without CAM), we could not delineate the
risk factors that could predict the development of CAM in COVID-19
patients. Third, we were not able to assess attributable mortality of
CAM again because of lack of appropriate controls. Fourth, data of
dose and duration of glucocorticoid therapy and parameters of gly-
caemic control (blood glucose, HbA1c) were infrequently reported,
hence, they could not be included in the systematic review.

In conclusion, the present systematic review provides a collated
summary of all the patients of CAM reported globally. Most of the
cases were reported from India, had an underlying history of dia-
betes mellitus and had received glucocorticoids during the manage-
ment of COVID-19, thereby necessitating judicious use of this drug
amid the pandemic. Unfortunately, patients with CAM exhibited a
high mortality rate, although the use of adjunct surgery in addition to

antifungal therapy was associated with improved clinical outcomes.
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