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ABSTRACT

Objective: To compare COVID-19 associated mucormycosis cases (CAM) with non-COVID-19 associated mucormycosis (non-CAM) cases
followed as in-patients.

Study Design: Observational Study.

Place and Duration of Study: Department of Infectious Diseases and Clinical Microbiology, Adana City Training and Research
Hospital, Health Sciences University (HSU), Adana, Turkey, between January 2018 and March 2022.

Methodology: Patients with a diagnosis of mucormycosis (proven and probable) were dichotomised as COVID-19 associated mucormy-
cosis and non-COVID-19 associated mucormycosis cases. Both groups were compared for underlying malignancy, chemotherapy, anti-
fungal therapy related side effects and overall survival.

Results: Of the 35 cases enrolled in the study, 17 (48.6%) had CAM and 18 (51.4%) had non-CAM. A statistically significant difference
was detected between non-CAM and CAM cases in terms of haematological malignancy, receiving chemotherapy, and antifungal thera-
py-related side effects (p=0.019, p=0.019, and p=0.027 respectively). Steroid use was found as a risk factor for the diabetic CAM cases
(p<0.0001). The difference between the CAM and non-CAM cases in terms of overall survival was not statistically significant (p=0.088).
Conclusion: Because of the ongoing COVID-19 pandemic and the increasing number of critical patients, treatment of COVID-19 should
be performed cautiously in patients who have the risk of developing CAM, particularly those with diabetes and immunosuppression (hae-
matologic malignancy, receiving steroid or chemotherapy, etc.) and these patients should be monitored closely.
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Uncontrolled diabetes mellitus (with or without ketoacidosis),
neutropenia, haematological malignancies, organ transplanta-
tion, the use ofimmunosuppressant drugs usages such as corti-
costeroids, excessive iron load (desferrioxamine use, etc.), and

INTRODUCTION

Mucormycosis is a rare, rapidly-progressive fungal infection
associated with angio-invasion and has a mortality rate of

40-80% unless diagnosed.' Mucormycosis is classified into six
clinical categories as rhinocerebral, pulmonary, cutaneous,
gastrointestinal, disseminated, and other localisations
depending on the clinical presentation and the anatomic locali-
sations.’
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impaired skin integrity (due to trauma, burnt, etc.) are among
the risk factors for mucormycosis.*® Coronavirus disease 2019
(COVID-19) is caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), which is a new coronavirus that
has been firstidentified in 2019 in China, has led to a worldwide
pandemic resulting in 510,270,667 confirmed cases and
6,223,526 confirmed deaths to date.’ In India, cases of invasive
mucormycosis, also known as black fungus infection,
increasing in number up to 9000 have been reported synchro-
nously with the rising second wave of COVID-19.” During SARS--
CoV-2 pandemic, steroids have been prescribed by clinicians at
an amount and for a duration quite exceeding those recom-
mended by the World Health Organisation (WHO). As a conse-
quent, patients’ immune system has been suppressed, blood
glucose regulation has been impaired, and patients have
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becomemoresusceptibletomucormoldsregardlessofthepres-
ence of diabetic conditions.? Such increment in the incidence of
COVID-19 associated mucormycosis (CAM) has become an
urgent concern worldwide and made the pandemic scenario
more complex. The clinicians were dealing with the treatment
of patients who had COVID-19 and providing care for them
during SARS-CoV-2 pandemic; on the other hand, they had to
endeavour to diagnose and treat mucormycosis infections
occurring in susceptible cases due to the treatment of
COVID-19. The characteristics of CAM cases with diabetes® and
non-COVID-19 associated mucormycosis (non-CAM) cases with
diabetes have been highlighted earlier.>*® The present study
aimed to compare CAM with non-CAM cases followed as in
patientsinatertiary care hospital.

METHODOLOGY

Patients atthe age of >18 years, who met the criteria for proven
or probable mucormycosis based onthe European Organization
for Research and Treatment of Cancer/Mycoses Study Group
(EORTC/ MSG)", were followed between January 2018 and
March 2022 as inpatients in the HSU Adana City Training and
Research Hospital, were enrolled in this retrospective study.
The protocol of the study was approved by the ethical
committee of Adana City Training and Research Hospital,
Health Sciences University (HSU), Adana, Turkey, (Approval No.
1927).

Patients’ hospital records were retrospectively screened and
those with data meeting the following EORTC/MSG criteria were
included in the study. The patients were then dichotomised
according to the definition of CAM and non-CAM described
below.’ Patients younger than 18 years of age and patients who
werediagnosedwithmucormycosisinanothercentreandhospi-
talised in the hospital for treatment were excluded from the
study.

Proven mucormycosis meant the presence of direct micros-
copic and/or culture-dependent microbiologic confirmation, or
histopathologic confirmation in a clinically/radiologically
suspected mucormycosis case. Probable mucormycosis meant
the presence of supportive diagnostic nasal endoscopy findings
and/or radiological findings supportive of mucormycosis in a
clinically suspected mucormycosis case. COVID-19 associated
Mucormycosis (CAM) meant positivity of SARS-CoV-2 poly-
merase nucleicacid chainreaction (PCR) testatthetime ofor12
weeks before the diagnosis of mucormycosis in combination
with related symptoms. Non-COVID-19 associated mucormy-
cosis (non-CAM) meant absence of the positivity of SARS-CoV-2
polymerase nucleic acid chain reaction (PCR) test at the time of
or 12 weeks before the diagnosis of mucormycosis in combina-
tionwith absence of related symptoms.

Patients’ demographic, radiological, histopathological and
microbiological characteristics, comorbidities, and diagnostic
and treatment methods were retrieved from electronic patient
records and were recorded in the case report forms. Tissue
biopsy materials obtained from clinically suspected mucor

patients were firstinoculated into SGA medium. Thereafter, the
samples were keptin 10% potassium hydroxide for 15 minutes
andthensubjectedtodirectmicroscopicexamination. Non-sep-
tate or pauciseptate hyphae structures with irregular ribbon--
like appearance and 90-degree branching that vary in width
was searched. The plates were incubated for 2-5 days both at
30°C and at 37°C. Mucorales tended to reproduce rapidly and
filled the entire petridish within a few days. After macromorpho-
logicaland micromorphological evaluation of the fungigrownin
the medium with lactopheneol cotton blue dye, matrix assisted
laser desorption ionization time of flight (MALDI-TOF; Vitek MS
BioMerieux-IVD; Liyon, France) were used to identify the
fungus.

Sections obtained from the clinical materials were stained with
haematoxylin eosin and PAS. In the microscopic examination of
stained preparations, and detection of non-septate hyphae
branchingatrightangleswas definedas mucor.

Descriptive statistics were presented as frequency, percen-
tage, mean and standard deviation, median, minimum, and
maximum. Categorical variables were analysed by Fisher's
Exact test if the percentage of cells, where the expected value
was <5, was greater than 20%, whereas, Pearson Chi-Square
test was used if it was smaller than 20%. The assumption of
normality was checked with the Shapiro-Wilk test. The differ-
ence between the numerical data of the two groups was anal-
ysed by independent samples t-test if the data were in accor-
dance with the normal distribution. Analyses were done using
SPSS 23.0 program. Level of statistical significance was consid-
eredtobep<0.05.

RESULTS

Atotal of 35 mucormycosis cases were evaluated. Of the cases,
23(65.7%) were males, 12 (34.3%) were females and the mean
age was 59.54+15.32 (22-84) years. According to the EORTC/
MSG criteria, 31 cases (88.6%) had proven mucormycosis and 4
cases (11.4%) had probable mucormycosis. Thirty-four cases
were clinically classified as rhinocerebral (5 cases rhinoorbital,
5 cases nasal, and 24 cases rhinoorbitocerebral) and one was
classified as disseminated mucormycosis. Diabetes mellitus
80% (n= 28) was the most common comorbidity. Among the
caseswithdiabetes, 18 (64.2%) had ketoacidosis.

There was statistically significant difference between non-CAM
and CAM cases in terms of haematological malignancy,
receiving chemotherapy, and antifungal drug-related side
effects p=0.019, p=0.019, and p=0.027 respectively). Steroid
use was found to be a risk factor for the diabetic CAM cases
(p<0.001). Comparison of demographic characteristics, site of
clinical involvement and treatment outcomes between CAM
andnon-CAM patientsissummarisedinTablel.

All cases underwent paranasal tomography, with additional
magnetic resonance imaging (MRI) of the cranium and orbita
performed inthe patients considered to have cranialand orbital
involvement. An appearance suggestive of mucormycosis was
detected in 12 (34.3%) of the cases that underwent cranial MRI
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andin15(78.9%) ofthe casesthatunderwentorbital MRI. Radio-
logicalfindings ofthe casesare demonstratedinTablell.

Endoscopicsinus surgery was performedin 74.3% (n=26) of the
cases, and all cases received systemic antifungal therapy (Lipo-
somal amfotericin B, 5 mg/kg IV). Sixteen cases had undergone
orbital exenteration. It was detected that only three cases were
healed without sequel, while two cases were healed with loss of
vision and one case was healed with hemiplegia and loss of
vision.

Table I: Characteristics of CAM and non-COVID-19 associated mu-
cormycosis patients.

CAM= 17 Non-CAM=18 p1,.2.2
N (%) N (%)
Mean age (year) 62.12+14.26 57.11+£16.29 0.342¢
Gender (Female/Male) (23.5%) 4/13 (44.4%) 8/10 0.289°
(76.5%) (55.6%)
Diabetes mellitus (DM)* 16 (94.1%) 12 (66.6%) 0.088°
Diabetic ketoacidosis (DKA) 9 (52.9%) 9 (%50) 0.862°
Haematologic disease** 0 6 (33%) 0.019°
Kidney transplantation 1 (%) 0 0.486°
Steroid use 17 (100%) 0 <0.0001°
Chemotherapy use 0 6 (33%) 0.019°
Site of involvement 0.252°
Nasal 4 (23.5%) 1(5.6%)
Rhinocerebral*+* 13 (76.5%) 16 (88.8%)
Disseminated 1(5.6%)
Pathologic diagnosis 16 (94.1%) 15 (83.3%) 0.603°
Growth in the culture 0.589°
No growth 1(7.7%) 2 (20%)
Mucor spp 9 (69.2%) 5 (50%)
Rhizopus oryzae 3(23.1%) 3(30%)
Surgical intervention
Exentration 8 (47.1%) 8 (44.4%) 0.877°
Antifungal drug side effect 9 (52.9%) 16 (88.9%) 0.027°
Result 0.088
Exitus 12 (70.6%) 17 (94.4%)
5(29.4%) 1(5.6%)

Healing/healing with sequel
*3 cases of acute myeloid leukemia, 1 case of aplastic anemia, and 1 case of plasma-cell cancer; **3
cases of chronic kidney disease and 1 case of chronic renal failure; ***Rhinoorbitocerebral
involvement in 24 and rhinoorbital involvement in five case; ‘Independent t test, *Pearson Chi square
test, *Fisher’s Exact test were used.

Tablell: Radiological findings.

Radiological imaging and pathological findings N (%)
Computed tomography of the paranasal sinuses (94.3%)

Edema of the sinus mucosa 32 (97%)
Orbital MRI (54.3%) 15 (78.9%)
Inflammation of the periorbital muscle 7 (20%)

Cranial MRI (71.4%)
Brain infarction 7 (20%)
Brain abscess 2 (5.7%)
Cavernous sinus involvement 2 (5.7%)
Internal carotid artery occlusion 1(2.9%)

DISCUSSION

COVID-19 caused numerous cases and deaths occurring during
the first wave in 2020. In addition, during the next wave of
COVID-19, mucormycosis, called as black fungus disease,
caused worldwide concern. The majority of the cases occurred
during the second wave of the active SARS-CoV-2 outbreak in
India and Indian Central Government announced a mucormy-
cosis outbreak in May 2021.% Subsequently, cases have been
reported from many countries across the world.>***?

In this study of mucormycosis afflicted patients, the genderand
mean age comparison showed no statistically significant differ-

ence between the two groups. Similar to the study by Eker et
al.,”® this study determined that CAM cases were seen more
frequentlyinolder males comparedtonon-CAM cases.

In literature, the majority of cases presented with rhino-orbi-
to-cerebral (ROC) mucormycosis; pulmonary mucormycosis
was the most common clinical involvement in the cases
reported from European countries such as France, England, and
ltaly,"**® which was different from the large case series reported
from India.”’*® The number of CAM cases in the present study
were higherthanthatreported from Europe, with similar patient
characteristics to the case series reported from India. This can
be explained by suboptional blood glucose control in diabetic
population in Turkey as compared to Europe, as well as by
missing cases of pulmonary and gastrointestinal mucormycosis
sinceitismoredifficulttodiagnose them.

In line with the WHO recommendations, guideline from the
Ministry of Health in Turkey also recommends the use of corti-
costeroid therapy in COVID-19 to suppress hyper-inflamma-
tion.” The presence of diabetes mellitus in combination with
steroid therapy increases the risk of mucormycosis by means of
contributing to immunosuppression and hyperglycemia.” In
the present study, COVID-19 cases with uncontrolled diabetes,
who received steroids for the treatment of COVID-19 were
complicated with mucormycosis. Steroid therapy in diabetic
patients with COVID-19 should be used only in cases recom-
mended by the guidelines, and these patients should be
followed closely also after discharge from the hospital for blood
glucoseregulationand development of mucormycosis.

Haematological malignancy and chemotherapy are among the
predisposing factors for the development of ROC mucormy-
cosis particularly in non-diabetic patients.”® The rates of
chemotherapy and haematological malignancy were statisti-
cally significantly higher in non-CAM cases (p=0.019 and
p=0.019, respectively). In this patient group, mucormycosis
must be considered in the differential diagnosis since prompt
diagnosis and treatment is associated with reduced mortality
andmorbidity.

The prevalence of ROCin non-CAM diabetes cases was reported
to be 88% by Nithyanandametal., 51% by Jeong etal., and 64%
by Vaughan et al.”*”* In two case series from Turkey, the most
common clinical form was rhino-cerebral form (94-96%).>*
ROCM was detected in 88.9% of the non-CAM cases. Although
ROC involvement in CAM cases shows variation between
studies, itis seen atarate of 74-86%.>"’ Consistent with the liter-
ature, ROC was the most common type of involvement in our
CAM cases with a prevalence rate of 76.5%. The groups showed
no statistically significant difference (p=0.656) regarding the
site of involvement, with ROC being the most common site in
both groups. Since mucormycosis is an aggressive infection
that usually spreads over the orbital or cranial area from the
paranasal sinuses, radiological imaging is critical in the diag-
nosis. Appropriate scanning should be performed in the
shortest time to detect the margin and the extension of the
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disease. Paranasal CT revealed thickening and oedema of the
sinus mucosa in 33 (97%) of the cases, which is consistent with
mucormycosis. MRI can be used as a guide to detect intradural
and intracranial infection, cavernous sinus involvement, and
carotid artery thrombosis in the cavernous sinus. MRI is more
sensitive than CT in visualising the orbital soft tissues.* An
appearance suggestive of mucormycosis was detected in
34.3% by cranial MRI and in 78.9% by orbital MRI.

Early diagnosis, treatment of the predisposing situation, surgical
removal of the infected tissue, and appropriate antifungal
therapyiscriticalinthe treatment of this fatal disease. Liposomal
amphotericin B (LAmMB), which is recommended as the first-line
therapy, isanantifungalagentthatcanbeusedathighdosesand
shows good penetration to the brain with lower side effects.” It
was detected that all cases in the present study had received
parenteral LAmB therapy ata daily dose of 5 mg/kg. Of the cases,
71.4% developed side effects associated with LAmMB therapy.
Thefrequency of side effects was statistically significantly higher
in the non-CAM cases (p=0.027). The present authors believe
this to be due to the fact that non-CAM cases of haematological
malignancy patients receiving chemotherapy constitute the
vast majority. The most common side effects were acute renal
failure and hypokalemia. Every patient who is receiving LAMB
therapy requires close monitoring.

Tissue necrosis reduces the penetration of antifungal therapy
intotheinfectedarea, andthereforethemostcritical stepintreat-
ment is the removal of necrotic tissue by surgical debridement.
Besides, surgical debridement prevents the extension of infec-
tiontothe otherorgans. In a meta-analysis, it was demonstrated
that mortality remarkably decreased with the combination of
surgery and antifungal therapy as compared to antifungal
therapy alone.” Inthe presentstudy, surgical debridement using
endoscopicsinussurgerywasperformedin26(74.3%),andexen-
teration of the orbit was performed in 16 (45.7%) of the patients.
The mortality rate was 82.9%. Survival rates showed no statisti-
cally significant difference between the cases (p=0.088). In the
present study, the mortality of CAM cases was found to be lower
thanthe mortality of non-CAM cases similartothe study of Ekeret
al.™®This can be explained by the fact that the transientimmuno-
suppression of the patients can be corrected with adequate
supportive treatment and high doses of liposomal ampho-
tericin-B. Only three cases were healed without a sequel, while 2
cases were healed with loss of vision, and one case was healed
with hemiplegiaandloss of vision.

The small sample size and retrospective study design are the
main limitations ofthe presentstudy. However, itisthefirst study
on this subject covering different patient groups from Turkey
withthe largestsamplesizetodate.

CONCLUSION

Mucormycosis is an angioinvasive fungal infection with
increasingincidencealsoin COVID-19 cases. Unnecessary corti-
costeroid use is the main risk factor for mucormycosis, espe-
cially in diabetic patients during the COVID-19 pandemic.
Mortality can be reduced by early diagnosis and treatment

achievedbyclinicalsuspicion.Inordertosuppresshyper-inflam-
mation in COVID-19 patients, it would be reasonable to use the
corticosteroids in the patient groups defined in the guidelines
and to monitor the patients who are likely to develop CAM
cautiously andclosely.
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