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Abstract

Objectives: We will try to present cases of coinfection with COVID-19 and mucormycosis in Kashan to increase the awareness of
health-care providers and reduce the number of forgotten and neglected cases.

Methods: This is a descriptive cross-sectional study that patients infected with COVID-19 become vulnerable to a variety of opportunistic
diseases. There are several studies of COVID-19 and mucormycosis, but an effort has been made to provide a collection of cases in Kashan
(the center of Iran) to reduce morbidity and mortality by increasing the awareness of health-care providers.

Results: A total of 31 patients with mucormycosis following COVID-19 including 18 males and 13 females were included in the study.
All reverse transcriptase-polymerase chain reaction patients were positive for severe acute respiratory syndrome-coronavirus-2. Twenty
had a history of diabetes, eight had a history of hypertension, and three had no record of any underlying disease. The maxillary sinuses
were the most common site of involvement. The maximum length of hospital stay was 52 dayss.

Conclusion: Patients with COVID-19 vulnerable to comorbidities, any facial involvement, or severe glucocorticoid and antibiotic
treatment should be closely examined and monitored at the first encounter and during hospitalization for any signs of mucormycosis and

start standard care and antifungal treatment as soon as possible.
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Introduction

Fungal infections are on the rise due to the increase in
patients with  immunodeficiency, chemotherapy,
long-term antibiotics, and greater patient survival.!
Mucormycosis is a fatal fungal infection in humans? and
is an opportunistic infection that most often occurs in
people with immunodeficiency, including diabetes,
hepatitis, kidney failure, blood disorders, leukemia,
lymphoma, transplantation, malignancy, and neutrophil
dysfunction.®® This infection rarely occurs in healthy
people.l’” This fungal infection is caused by the
microorganisms of the zygomycete group.”!

Mucormycosis usually occurs in the form of an acute

infection with manifestations in the nasopharynx - brain,

lungs, skin, and gastrointestinal tract- sometimes, it is
manifested as a diffuse infection.®! Mucormycosis is a rare
but life-threateningdisease with high mortality (75%-80%
of deaths) and morbidity.”! Coronavirus disease-2019
(COVID-19), which is the cause of acute respiratory
syndrome, is associated with a wide range of opportunistic
bacteria and fungi.!'”

Both Aspergillus and Candida are major fungal
pathogens in COVID-19 patients.!'!! Recently, several
cases of mucormycosis in people with COVID-19 have
been reported increasingly worldwide. Hypoxia, high
glucose (diabetes, new hyperglycemia, and steroid-
induced hyperglycemia), acidic environment (metabolic
acidosis and diabetic ketoacidosis), high iron levels
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(increased ferritin), and decreased phagocytic activity of
white blood cells due to the suppression of the immune
system (severe acute respiratorysyndrome- coronavirus-2
[SARS-CoV-2]), steroids, or comorbidities, are associated
with several other risk factors, including long-term
hospitalization with or without mechanical respirators
worldwide. The prevalence of mucormycosis varies from
0.005 to 1.7/million population. According to a recent
estimate in 2019-2020, its prevalence is almost 80 times
India (0.14/1000) than
countries,!'>!* more so in the general population based on

higher in in developed
computational modeling."® There are large published
studies on the clinical and preclinical manifestations of
mucormycosis and COVID-19.01¢181  COVID-19 also
shows a variety of clinical signs that can easily distort the
presence of mucormycosis.

Objectives

Therefore, we will try to present cases of coinfection with
COVID-19 and mucormycosis in Kashan to increase the
awareness of health-care providers and reduce the number
of forgotten and neglected cases.

Methods

This study is a cross-sectional study conducted from
June to October 2021 during the fourth and fifth waves,
based on collecting and reanalyzing the available data
from the registration information in Shahid Beheshti
Hospital affiliated with Kashan University of Medical
Sciences.

In this study, all patients with COVID-19 with
mucormycosis were evaluated using the information from
the hospital registration system. This information is
related to all patients who have been hospitalized or
referred to Kashan hospitals (outpatient). The diagnostic
test for COVID-19 was a reverse transcriptase-polymerase
chain reaction (RT-PCR) assay. Mucormycosis diagnosis
is based on clinical suspicion, followed by sinus endoscopy
and biopsy. Tissue samples are given for histological
examination and culture to confirm the diagnosis. This
information is recorded in the hospital information
system (HIS) and contains variables of age, sex, type of
underlying disease, and accident outcome.

Data collection was performed in a single research
environment (HIS) and the file was archived.

The study population consisted of the file of patients
with coronavirus who were admitted to different wards of
the hospital with mucormycosis. Sampling was done as
available in the study period (June to October 2021 during
the fourth and fifth waves).

After obtaining the approval of the ethics and receiving
a letter of reference and presenting it to the relevant
center, the consent of the relevant authorities was
obtained and permission to attend the research
environment was granted. Receiving the real information
of the patients and the principle of confidentiality of the
information was observed and the checklist did not
contain names and surnames. The researchers were
present at the collection site and then collected
information from the files and entered them into the
researcher-made checklists. After reviewing the inclusion
criteria, the files of all patients with COVID-19 and
mucormycosis could be reviewed. Furthermore, patients
whose medical files were incomplete were followed and
included in the study.

In this study, information was extracted from patients’
files and entered into predesigned researcher-made
checklists. This designed checklist includes demographic
characteristics (age, sex, and race), underlying diseases
(cardiovascular disease, diabetes, hypertension, chronic
pulmonary  disease,
neurological disease, liver disease, glands diseases, blood

obstructive kidney disease,
disease, and active cancer), and clinical outcomes (total
length of hospital stay, death, and discharge with
recovery).

Ethical considerations

The study was conducted in accordance with the
Declaration of Helsinki. This work was approved by the
Research Ethics Committees of Kashan University of
Medical Sciences (IR. KAUMS. NUHEPM.REC.1400.057).
Receiving the real information of the patients and the
principle of confidentiality of the information was
observed and the checklist did not contain names and
surnames.

Results

In this study, out of 31 definitively diagnosed cases of
mucormycosis, 18 (54.5) were male and the rest were
female. The mean age and standard deviation of patients
were 61.9%£10.9, with a minimum age of 41 and a
maximum of 85 years old. Twenty of these patients
recovered (64.5%) and 11 (35.5%) died.

All patients were RT-PCR positive for SARS-CoV-2.
Twenty people had a history of diabetes and 11 people
died. Eight patients had no history of any underlying
disease. The maxillary sinuses were the most common site
of involvement. All patients received amphotericin B and
corticosteroids. The mean length of hospitalization was 17
days and the maximum length of hospitalization was 52
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days. Corticosteroid intake for the treatment of
COVID-19 was present in all cases. The most common
organ involved with mucormycosis was the nose and
sinus, sinus maxillary (27/31), ethmoid sinus (14/31),
orbital (5/31), and brain (2/31) [Figure 1]. Overall
mortality was noted in 35% of the cases.

Figure 1. Endoscopic sinonasal biopsy

All included patients were treated with corticosteroids.
For 1-28 days, 11 patients were treated with 1 type of
corticosteroids, eight with 2 types of corticosteroids, 10
with 3 types of corticosteroids, and two with 4 types of
corticosteroids.  Prescribed  corticosteroids include
dexamethasone, methylprednisolone, prednisolone, and
hydrocortisone. Twenty-six patients were treated with
hydrocortisone, 14 with methylprednisolone, 14 patients
with dexamethasone, and 12 patients with prednisolone.
Based on the equivalent dose of corticosteroid (20 times
hydrocortisone, five times prednisolone, four times
methylprednisolone, and 0.75 times dexamethasone), the

dose of corticosteroid received by each patient was

calculated [Tablel]. Rhino-orbito-cerebral mucormycosis
was the most common presentation.

Surgical intervention was performed in all patients on
31/31 (100%). The time of diagnosis of COVID-19 and
mucormycosis was between 2 days and 1 month; the
mortality rate among patients with viral pneumonia and
mucormycosis co-infection was 35% (11/31).

Discussion

The incidence of mucormycosis during the fourth and
fifth waves of COVID-19 has increased as compared to
Kashan. The
mucormycosis in the world varies in the range of 0.003-
0.005/1.7 million of the population. The incidence became
80 times higher in India than in any other part of the
world.[1%14]

Complex overlap of factors, including underlying

previous waves in incidence of

diseases such as diabetes, previous respiratory illnesses,
use of immunosuppressive therapies, risk of nosocomial
infections, and systemic infection may lead to secondary
infections in their own right that are increasingly
increasing in COVID-19 and lead to increased morbidity
and mortality.!""!

In one study, 62/806 (8%) patients admitted to the
hospital reported secondary fungal and bacterial
infections. The widespread use of broad-spectrum
antibiotics in patients who reported no evidence of
infection occurred in 1450/2010 (72%).[2%

Certain pathophysiological features of COVID-19 may
cause secondary fungal infections. These include the
tendency to develop extensive lung disease and
subsequent alveolar-interstitial pathology that may
increase the risk of invasive fungal infections. Second,
disruption of the immune system associated with
COVID-19 may alter innate immunity by reducing the
number of T, CD4 + T, and CD8 + T-lymphocytes.?!!

Corticosteroid therapy and a history of chronic lung
disease were associated with a higher risk of invasive
fungal infections.”” Furthermore, a high incidence was
reported in Pakistan (23/147) at 15.6% and in Italy
(30/108) at 27.7%. The spread of invasive fungi alters the
natural history of the disease.!?2!!

A recent systematic study was conducted by John et a/**!
In this study, they found 41 confirmed cases of
mucormycosis in people with COVID-19, with diabetes
reported in 93% of cases, whereas 88% received
corticosteroids. These findings are consistent with the
findings of studies.l?®! Overall, these findings suggest a
clear association between mucormycosis, diabetes, and
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steroids in people with COVID-19.

Song et al proposed an algorithm for the early detection
and management of common invasive fungal infections
(Aspergillus, cryptococcosis, and
mucormycosis).!! It should be noted that diabetes can be

candidiasis,

well controlled at the beginning of the disease, but with
the onset of COVID-19 and the use of corticosteroids, it
quickly gets out of control.

Increased mucormycosis in patients with uncontrolled
diabetes, overuse of corticosteroids to suppress the
immune system, and prolonged stay in intensive care
units® are among the causes of the disease, which is
similar to our study. Seventy-one percent of cases of
mucormycosis in COVID-19 patients have been reported
from December 2019 to the beginning of April 2021.1!

In various Indian states, measures were quickly taken to
ensure control of the situation by setting up special forces,
issuing urgent instructions, setting up separate wards in
hospitals to manage mucormycosis cases, and providing
medicine for treatment. Approximately 0.1 million vials of
amphotericin B were used to manage mucormycosis.
Amphotericin B deficiency has been considered in several
cases and measures such as preparation and optimal drug
allocation with increasing domestic production, and
different methods of importing this drug were
investigated.

Given that new diabetes occurs in 15% of patients
admitted to COVID-19 and many patients develop
stress-induced hyperglycemia,?””? based on current
evidence, we recommend glycated hemoglobin (HbAlc)
in all patients with COVID-19 be examined. Accurate
blood sugar control (110-180 mg/dL) should be
performed in diabetic patients.

One of the limitations of this study is that having a
previous diagnosis of diabetes is a predisposing factor for
mucormycosis  infection. The etiology between
COVID-19 and mucormycosis cannot be conclusively
stated. However, there is a clear correlation between the
two that cannot be ignored. Finally, while mucormycosis
infection can be seen worldwide, it is more prevalent in
the less developed regions of the world. Therefore, spread
cases are most likely from these regions of the world.

In our sample, most patients had blood sugar above
120mg/dl. Rational use and avoidance of unnecessary
doses of systemic corticosteroids, anti-interleukin-6 drugs
in COVID-19 patients, recommendations during and
after treatment with steroids, and immunomodulatory
agents, as well as a daily examination of eyes and nasal and
oral cavities in patients with COVID-19, should be
monitored before and after discharge in patients with

severe respiratory support, especially mechanical
ventilation, history of corticosteroids or hyperglycemic
conditions, hyperglycemia, and HbA1C.

Monitoring and analyzing the situation, disseminating
information, educating the public, and committing to
basic measures are essential to prevent further increase in
the number of cases of mucormycosis in patients with
COVID-19 and mortality. It is very likely that the reported
cases of mucormycosis could be an underrepresentation
of the actual burden due to the difficulty of making a
specific microbiological or histopathological diagnosis
Whereas certain case reports had all the details, others did
not report any important parameters, for example, the
duration of the diabetes mellitus and the lack of HbAlc
baseline data in most cases. Second, the lack of a
denominator value may not permit a true estimate of the
incidence of mucormycosis in people with COVID-19,

compounded by a lack of control.

Conclusions

The increase in mucormycosis in Kashan seems to be due
to three factors: diabetes (high prevalence genetically),
indiscriminate use of corticosteroids (increased blood
glucose and opportunistic fungal infections), and
COVID-19  (cytokine
endothelial damage). Every effort should be made to
maintain optimal hyperglycemia, and only the wise use of

storm, lymphopenia, and

evidence-based corticosteroids is recommended in
patients with COVID-19 to reduce the burden of fatal
mucormycosis.
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Table 1. Mucormycosis in COVID-19 - summary of 31 cases reported in Kashan- Iran

Variable Case
1 2 3 4 5 6 7 8 9 10
Gender male male male male female male female female male male
Age 62 68 64 50 68 62 42 63 59 56
Underlying MI DM DM DM Previous PCI DM - DM DM DM
disease HTN
Location Maxillary Sinus - All paranasal left Frontal Left Maxillary ~ Maxillary left, Sphenoid Maxillary left Esfenoide left sinus
sinuses Sinus left middle Orbit Com hard maxillary left
cornea, left Left middle
ethmoid, left cornea
eye, Esfenoide
left
Outcome death death recovery recovery recovery death recovery recovery death recovery
Lymphocytes 8-10 11.9-16.6 4.8-7 5.4-11.9 14.2-21.5 10.8 4-20.6 14.3-26.1 17.8 10.1-25.8
Neutrophils 85-85 84-77.8 90 89.2-84.5 83.2-61 82.1 85.1-60.3 92.3-57.1 78-77.1 84.5-70.3
Magnesium 2.2-2.5 49-2.4 3.13-2.5 2-1.9 1.6-1.7 1.7-2.6 11.7-1.9 2-1.38 2.58-1.8 1.73-2.38
Blood sugar 182 319-350 238-600 173 128 308 - 251-402 258 421
BS pre- 182 325 462 200 120 288 187 304 258 380
mucor
Staying Time 11 27 14 37 17 12 45 19 34 30
Severity severe critical moderate severe moderate moderate moderate moderate severe moderate
Covid to 50 17 7 16 40 15 11 14 21 20
mucor
Symptom to 6 7 5 9 8 8 9 10 9 11
culture
Active covid no yes yes yes no yes yes no yes no
02 (%) 86 75 94 88 93 90 89 90 77 94
Corticosteroi ~ Dexamethasone (4  Prednisolone (3 Dexamethaso Dexamethasone Prednisolone  Hydrocortisoni Hydrocortiso ~ Hydrocortiso ~ Methylprednisolo  Prednisolone
d days) days) ne (5 days) (13 days) (4 days) (9 days) ne (9 days) ne (1 days) ne (5 days) (3 days)
Methylprednisolo ~ Dexamethasone (2 Hydrocortison =~ Methylprednisolo ~ Hydrocortiso Hydrocortisone ~ Hydrocortison
ne (6 days) days) e (5 days) ne (8 days) ne (1 days) (10 days) e (7 days)
Hydrocortisone (2 Methylprednisolo Hydrocortisone (4 Dexamethaso
day) ne (10 days) days) ne (1 days)
Corticosteroid 113 124.28 178.2 238.32 9 45 45 5 100 49
Cumulative
Dose
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Table 1. Contd...
Variable Case
11 12 13 14 15 16 17 18 19 20
Gender female female female male male male male male female male
Age 78 67 46 51 79 68 68 53 56 50
Underlying DM DM - DM DM - DM-HTN Asthma, DM DM-HTN DM -
disease cirrhosis Of
Liver
Location Right Right maxillary Lower left Maxillary Right Right ethmoid Right middle - - Left stenoid
Frontal Sinus sinus cornea left septum Sinus cornea Bilateral
Left left eye macxillary
middle Left
cornea ethmoid
Outcome death recovery recovery recovery recovery death death recovery recovery recovery
lymphocytes 11.4-5.4 10.3-11.3 9.7-20 19.7-18.7 7.7-21.1 5.1-14.1 28-14.9 13.2-16.5 3.5-11.2 29.6-13.8
Neutrophils 82-90 88.1-87.6 88.5-69.7 75-50.4 82.6-64.5 90.5-82.3 26-79.8 78.8-78.4 93.7-84.9 63.3-76.2
Magnesium 2-2.3 2-2.3 2.3-2.5 2.4-1.8 1.78-1.69 2.4-2.81 2.43-2 2.13-2.5 2.49-3.53 2.46-1.9
Blood sugar 383 128-238 115 422 351 443 286 139 200 347
BS pre- 380 230 238 380 351 450 324 234 234 347
mucor
Staying 13 65 4 52 28 15 28 10 13 40
Time
Severity severe severe mild severe moderate moderate moderate moderate moderate mild
Covid to 30 48 20 18 15 10 20 45 27 16
mucor
Symptom to 7 9 8 10 10 10 11 11 9 11
culture
Active covid yes yes no yes no yes yes no no no
02 86 90 96 80 95 98 90 96 86 94
Corticostero  Prednisolone Prednisolone (1 Prednisolo  Prednisolone  Prednisolone = Methylprednisolo = Dexamethasone Hydrocortiso ~ Methylprednisolo ~ Hydrocortiso
id (3 days) days) ne (1 days) (5 days) (9 days) ne (1 days) (15 days) ne (8 days) ne (5 days) ne (22 days)
Hydrocortiso Hydrocortisone Dexamethaso ~ Dexamethaso Hydrocortisone ~ Methylprednisolo
ne (7 days) (12 days) ne (8 days) ne (4 days) (14 days) ne (7 days)
Methylprednisolo Hydrocortiso Hydrocortisone
ne (11 days) ne (19 days) (10 days)
Corticosteroi 38 171 1 90.12 147 80 280 40 50 110

d Cumulative
Dose
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Table 1. Contd...
Variable Case
21 22 23 24 25 26 27 28 29 30 31
Gender female female female male female female male male female male male
Age 68 76 54 56 41 68 73 52 85 68 68
Underlying - DM DM - - DM DM kidney Stone - - DM
disease
Location Right maxillary - Maxillary Left middle Ethmod Maxillary Sinus Maxillary Maxillary Right Maxillary ~ Ecimosparyorbi Sino Orbital
sinus Sinus cornea Maxillary Sinus Sinus on Sinus t
Maxillary left Both Sides
outcome recovery recovery death recovery recovery recovery recovery recovery death death death
Lymphocyte 27.2-23.6 1.30- 10 1.34-7.5 8.4-18.1 9.4-23 27.2-23.6 2.3-17 17.6-19.1 14.1-3.5 - 6.9-8.5
Neutrophils 63.9-70.2 82.4- 85 80.6- 83.5 89.1- 67 89.2-70 70.2- 63.9 93.4- 80 73.7-75.6 82.5-92.9 - 90.6-84.4
Magnesium 2.2 19-23 2.2 2.2-2.36 2.4-2.46 2.2-2.24 2.1-2.52 2.4-2.7 2-2.25 - 2-2.1
Blood sugar 77 236 346 134 140 366 227 - 120 320 307
BS pre- 162 250 335 120 150 210 227 - 230 320 300
mucor
02 97 94 82 81 82 96 89 91 82 72 92
Staying 11 21 10 49 34 11 29 5 11 9 52
Time
Severity mild moderate severe severe severe mild moderate moderate severe moderate moderate
Covid to 56 19 25 17 14 56 15 ? 10 30 13
mucor
Symptom 10 9 10 11 10 10 9 ? 8 9 7
to culture
Active no yes no yes yes no yes yes yes yes yes
covid
Corticoster ~ Dexamethasone  Hydrocortis ~ Hydrocortis ~ Prednisolone (8 =~ Dexamethasone  Dexamethasone  Hydrocortis ~ Hydrocortis ~ Hydrocortisone ~ Dexamethasone ~ Dexamethasone
oid (4 days) one (17 one (9days) days) (1 days) (4 days) one (28 one (6 days) (6 days) (3 days) (10 days)
Methylprednisol days) Dexamethasone  Methylprednisol =~ Methylprednisol days) Methylprednisol ~ Methylprednisol =~ Methylprednisol
one (2 days) (5 days) one (25 days) one (2 days one (8 days) one (2 days) one (10 days)
Methylprednisol ~ Hydrocortisone Dexamethasone  Hydrocortisone(  Hydrocortisone
one (13 days) (2 days) (2 days) 6 days) (20 days)
Hydrocortisone Prednisolone (8
(10 days) days)
Corticoster 63 85 45 241 271 63 140 30 131.3 82 314
oid
Cumulative
Dose

Int Arch Health Sci. 2023;10(2):31-39 | 37



Hajijafari et al

Authors’ contributions

All authors read and approved the final manuscript. All
authors take responsibility for the integrity of the data and
the accuracy of the data analysis.

Funding
None.

Role of the funding source
None.

Availability of data and materials
The data used in this study are available from the
corresponding author on request.

Ethics approval and consent to participate

The study was conducted in accordance with the
Declaration of Helsinki. This work was approved by the
Research Ethics Committees of Kashan University of
Medical Sciences (IR. KAUMS.NUHEPM.REC.1400.057).

Consent for publication

By submitting this document, the authors declare their
consent for the final accepted version of the manuscript to be
considered for publication.

References

1. Turunc T, Demiroglu YZ, Aliskan H, Colakoglu S, Arslan H.
Eleven cases of mucormycosis with atypical clinical manifestations
in diabetic patients. Diabetes Res Clin Pract. 2008;82:203-8.
doi:10.1016/j.diabres.2008.07.011 PMid:18760493

2. Huang]S, Kok SH, Lee JJ, Hsu WY, Chiang CP, Kuo YS. Extensive
maxillary sequestration resulting from mucormycosis. Br J Oral
Maxillofac Surg. 2005;43:532-4. doi:10.1016/j.bjoms.2005.05.012
PMid:16024140

3. deShazo RD, O'Brien M, Chapin K, Soto-Aguilar M, Gardner L,
Swain R. A new classification and diagnostic criteria for invasive
fungal sinusitis. Arch Otolaryngol Head Neck Surg. 1997;123:
1181-8. doi:10.1001/archotol.1997.01900110031005
PMid:9366697

4. Abolfathiniya A, Fasihi-ramandi M, Tabanejad Z. Investigation of
Niosomes for use as brucellosis vaccine. Novel Clin Med. 2023;
2(2): 75-81. doi: 10.22034/ncm.2023.383601.1072

5. Jung SH, Kim SW, Park CS, Song CE, Cho JH, Lee JH, et al.
Rhinocerebral Mucormycosis: Consideration of prognostic
factors and treatment modality. Auris Nasus Larynx. 2009; 36:
274-9. doi:10.1016/j.anl.2008.07.003 PMid:18786790

6. Pandey A, Bansal V, Asthana AK, Trivedi V, Madan M, Das A.
Maxillary osteomyelitis by mucormycosis: Report of four cases. Int
] Infect Dis. 2011;15:¢66-9. doi:10.1016/).ijid.2010.09.003
PMid:21093341

7. Joshi N, Caputo GM, Weitekamp MR, Karchmer AW. Infections
in patients with diabetes mellitus. N Engl ] Med. 1999;341:1906-12.
doi:10.1056/NEJM199912163412507 PMid:10601511

8. Leitner C, Hoffmann J, Zerfowski M, Reinert S. Mucormycosis:
Necrotizing soft tissue lesion of the face. ] Oral Maxillofac Surg.
2003;61:1354-8. doi:10.1016/S0278-2391(03)00740-7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

PMid:14613095

Sengupta I, Nayak T. Coincidence or reality behind

Mucormycosis, diabetes mellitus and Covid-19 association: A

systematic ~ review. ] Mycol Med.  2022;32:101257.
doi:10.1016/j.mycmed.2022.101257 PMid:35219907
PMCid:PMC8855615

Kubin CJ, McConville TH, Dietz D, Zucker J, May M, Nelson B, et
al. Characterization of bacterial and fungal infections in
hospitalized patients with coronavirus disease 2019 and factors
associated with healthcare-associated infections. Open Forum
Infect Dis. 2021;8:0fab201. doi:10.1093/0fid/ofab201
PMid:34099978 PMCid:PMC8135866

Song G, Liang G, Liu W. Fungal co-infections associated with
global COVID-19 pandemic: A clinical and diagnostic perspective

from China. Mycopathologia. 2020;185:599-606.
doi:10.1007/511046-020-00462-9 PMid:32737747
PMCid:PMC7394275

Skiada A, Pavleas I, Drogari-Apiranthitou M. Epidemiology and
diagnosis of mucormycosis: An update. ] Fungi (Basel) 2020;6:265.
doi:10.3390/j0f6040265 PMid:33147877 PMCid:PMC7711598
Chander J, Kaur M, Singla N, Punia RP, Singhal SK, Attri AK, et
al. Mucormycosis: Battle with the deadly enemy over a five-year
period in India. ] Fungi (Basel). 2018;4:46. doi:10.3390/jof4020046
PMid:29642408 PMCid:PMC6023269

Prakash H, Chakrabarti A. Global epidemiology of
mucormycosis.] Fungi (Basel). 2019;5:26. doi:10.3390/jof5010026
PMid:30901907 PMCid:PMC6462913

Al-Tawfiq JA, Alhumaid S, Alshukairi AN, Temsah MH, Barry M,
Al Mutair A, et al. COVID-19 and mucormycosis superinfection:
The perfect storm. Infection. 2021;49:833-53. doi:10.1007/s15010-
021-01670-1 PMid:34302291 PMCid:PMC8302461

Patel A, Agarwal R, Rudramurthy SM, Shevkani M, Xess I, Sharma
R, et al. Multicenter epidemiologic study of coronavirus
disease-associated mucormycosis, India. Emerg Infect Dis. 2021;
27:2349-59. doi:10.3201/eid2709.210934 PMid:34087089
PMCid:PMC8386807

Vasanthapuram VH, Gupta R, Adulkar N, Nair AG, Bradoo RA,
Hegde R, et al. A fungal epidemic amidst a viral pandemic: Risk
factors for development of COVID-19 associated rhino-orbital-
cerebral mucormycosis in India. Orbit. 2023 ;42(1):30-41.
doi:10.1080/01676830.2021.2020851 PMid:35192435

Sen M, Honavar SG, Bansal R, Sengupta S, Rao R, Kim U, et al.
Epidemiology, clinical profile, management, and outcome of
COVID-19-associated rhino-orbital-cerebral mucormycosis in
2826 patients in India - Collaborative OPAI-IJO Study on
Mucormycosis in COVID-19 (COSMIC), Report 1. Indian J
Ophthalmol. 2021;69:1670-92.

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al
Epidemiological and clinical characteristics of 99 cases of 2019
novel coronavirus pneumonia in Wuhan, China: A descriptive
study. Lancet. 2020;395:507-13. doi:10.1016/50140-
6736(20)30211-7 PMid:32007143

Rawson TM, Moore LS, Zhu N, Ranganathan N, Skolimowska K,
Gilchrist M, et al. Bacterial and fungal coinfection in individuals
with coronavirus: A rapid review to support COVID-19
antimicrobial prescribing. Clin Infect Dis. 2020;71:2459-68.
doi:10.1093/cid/ciaa530 PMid:32358954 PMCid:PMC7197596
Gangneux JP, Bougnoux ME, Dannaoui E, Cornet M, Zahar JR.

38 | Int Arch Health Sci. 2023;10(2):31-39


https://doi.org/10.1016/j.diabres.2008.07.011
https://doi.org/10.1016/j.bjoms.2005.05.012
https://doi.org/10.1001/archotol.1997.01900110031005
https://doi.org/10.1016/j.anl.2008.07.003
https://doi.org/10.1016/j.ijid.2010.09.003
https://doi.org/10.1056/NEJM199912163412507
https://doi.org/10.1016/S0278-2391(03)00740-7
https://doi.org/10.1016/j.mycmed.2022.101257
https://doi.org/10.1093/ofid/ofab201
https://doi.org/10.1007/s11046-020-00462-9
https://doi.org/10.3390/jof6040265
https://doi.org/10.3390/jof4020046
https://doi.org/10.3390/jof5010026
https://doi.org/10.1007/s15010-021-01670-1
https://doi.org/10.1007/s15010-021-01670-1
https://doi.org/10.3201/eid2709.210934
https://doi.org/10.1080/01676830.2021.2020851
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1093/cid/ciaa530

COVID-19 coinfection with Mucormycosis

22.

23.

24.

25.

26.

27.

Invasive fungal diseases during COVID-19: We should be

prepared. J Mycol Med. 2020;30:100971.
doi:10.1016/j.mycmed.2020.100971 PMid:32307254
PMCid:PMC7136887

White PL, Dhillon R, Cordey A, Hughes H, Faggian F, Soni S, et
al. A national strategy to diagnose coronavirus disease
2019-associated invasive fungal disease in the Intensive Care Unit.
Clin Infect Dis. 2021;73:e1634-44. doi:10.1093/cid/ciaal298
PMid:32860682 PMCid:PMC7499527

Nasir N, Farooqi ], Mahmood SF, Jabeen K. COVID-19-associated
pulmonary aspergillosis (CAPA) in patients admitted with severe
COVID-19 pneumonia: An observational study from Pakistan.
Mycoses. 2020;63:766-70. doi:10.1111/myc.13135 PMid:32585069
PMCid:PMC7361517

Bartoletti M, Pascale R, Cricca M, Rinaldi M, Maccaro A, Bussini
L, et al. Epidemiology of invasive pulmonary aspergillosis among
intubated patients with COVID-19: A prospective study. Clin
Infect  Dis.  2021;73:e3606-14.  doi:10.1093/cid/ciaal 065
PMid:32719848 PMCid:PMC7454393

John TM, Jacob CN, Kontoyiannis DP. When uncontrolled
diabetes mellitus and severe COVID-19 converge: The perfect
storm for mucormycosis. ] Fungi (Basel). 2021;7:298.
doi:10.3390/j0£7040298 PMid:33920755 PMCid:PMC8071133
Singh AK, Singh R, Joshi SR, Misra A. Mucormycosis in
COVID-19: A systematic review of cases reported worldwide and
in India.  Diabetes Metab  Syndr.  2021;15:102146.
doi:10.1016/j.dsx.2021.05.019 PMid:34192610
PMCid:PMC8137376

Alhumaid S, Al Mutair A, Al Alawi Z, Rabaan AA, Alomari MA,
Al Salman SA, et al. Diabetic ketoacidosis in patients with
SARS-CoV-2: A systematic review and meta-analysis. Diabetol
Metab Syndr. 2021;13:120. doi:10.1186/513098-021-00740-6
PMid:34702335 PMCid:PMC8547563

How to Cite this Article:

Hajijafari M, Banafshe HR, Asgarian FS, Ahsaniarani AH,
Matini AH, Momen-Heravi M. COVID-19 coinfection with
mucormycosis. Int Arch Health Sci. 2023;10(2):31-39. doi:
10.48307/1IAHS].2023.175299

Int Arch Health Sci. 2023;10(2):31-39 | 39


https://doi.org/10.1016/j.mycmed.2020.100971
https://doi.org/10.1093/cid/ciaa1298
https://doi.org/10.1111/myc.13135
https://doi.org/10.1093/cid/ciaa1065
https://doi.org/10.3390/jof7040298
https://doi.org/10.1016/j.dsx.2021.05.019
https://doi.org/10.1186/s13098-021-00740-6
https://doi.org/10.48307/iahsj.2023.175299

