Jlm ‘ THE JLH,,\;‘V.!U-L Of 7H" ECTION
IN DEVELOPING COUNTRIES
Coronavirus Pandemic

A fatal post-COVID-19 sino-orbital mucormycosis in an adult patient with
diabetes mellitus: a case report and review of the literature

Yousef Moghdam', Bahareh Arghavan?, Firoozeh Kermani®, Seyed Ali Jeddi*, Shaghayegh Khojasteh?,
Tahereh Shokohi®’, Narges Aslani®, Abolghasem Ebrahimi’, Javad Javidnia®”’

" Khatam al-Anbia Hospital, Golestan Social Security Management, Golestan Province, Gonbad Kavus, Iran

2 Department of Basic Medical Sciences, School of Medicine, Abadan University of Medical Sciences, Abadan, Iran
3 Department of Parasitology and Medical Mycology, Faculty of Medicine, Babol University of Medical Sciences,
Babol, Iran

4 Student Research Committee, Mazandaran University of Medical Sciences, Sari, Iran

5 Molecular Medicine Research Center, Hormozgan Health Institute, Hormozgan University of Medical Sciences,
Bandar Abbas, Iran

8 Invasive Fungi Research Center, Communicable Diseases Institute, Mazandaran University of Medical Sciences,
Sari, Iran

7 Department of Medical Mycology, School of Medicine, Mazandaran University of Medical Sciences, Sari, Iran

8 Department of Parasitology and Mycology, School of Medicine, Urmia University of Medical Sciences, Urmia, Iran

Abstract

Introduction: COVID-19 is associated with a broad spectrum of bacterial and fungal superinfections.

Case Presentation: We present a case of mucormycosis developing during post-COVID-19 therapeutic management. A 63-year-old diabetic
female presented with COVID-19 and received combination therapy per institutional protocol, including dexamethasone, remdesivir, and
ivermectin. Seven days post-discharge, the patient was readmitted with dyspnea and lethargy. On day 3 of readmission, the patient reported
unilateral facial and orbital pain. Subsequent histopathological and mycological examination confirmed mucormycosis. Despite surgical
debridement and treatment with amphotericin B (3 mg/kg/day), the patient succumbed to the infection.

Results: Based on ITS rDNA sequencing, the fungus was identified as Rhizopus arrhizus. Antifungal susceptibility testing was performed
according to the CLSI M38-A2 guideline, yielding minimum inhibitory concentration (MIC) values of 0.016 pg/mL for amphotericin B, 0.031
png/mL for posaconazole, 0.25 pg/mL for isavuconazole, 1 pg/mL for itraconazole, and 8 pg/mL for voriconazole.

Conclusions: Early diagnosis, prompt antifungal therapy, and appropriate surgical intervention are critical for improving mucormycosis
outcomes, especially in COVID-19 patients.
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Introduction
The COVID-19 pandemic has increased

mucormycosis, and cryptococcosis- have been
frequently documented in COVID-19 patients [3,4].

susceptibility to bacterial and fungal coinfections due to
prolonged hospitalization and widespread use of
immunosuppressive therapies [1]. Corticosteroids and
immunomodulators (e.g., tocilizumab) are utilized in
the management of immune-mediated pulmonary
injury in COVID-19 patients. However, their use may
increase susceptibility to secondary infections, thereby
exacerbating morbidity and mortality rates [2].
Numerous studies have established consensus that
COVID-19 increases susceptibility to fungal and
bacterial coinfections [1,3,4]. Secondary fungal
infections-  including candidiasis, aspergillosis,

Mucormycosis is a potentially life-threatening
fungal infection that primarily occurs in
immunocompromised patients, especially those with
diabetes mellitus (DM), hematologic malignancies, or
prior organ transplantation [5,6]. Emerging evidence
highlights an increasing incidence of COVID-19-
associated mucormycosis (CAM), as documented in
numerous recent reports [7-16].

This infection is characterized by angioinvasion,
tissue necrosis, and thrombus formation, contributing to
its high mortality rate [5]. Therefore, COVID-19
patients with suspected invasive mucormycosis require
both highly accurate early diagnosis and prompt
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therapeutic intervention. This report describes a case of
sino-orbital mucormycosis in a post-COVID-19 patient
with prior systemic corticosteroid exposure. We also
provide a systematic review of documented sino-orbital
mucormycosis cases in COVID-19-affected adults.

Case report

A 63-year-old female was admitted to Khatam Al-
Anbia Hospital in Gonbad Kavus, Iran, with a 4-day
history of cough, dyspnea, fever, and fatigue. She had a
past medical history of arterial hypertension and
insulin-dependent type I DM. On examination, the
patient's vital signs were as follows: blood pressure of
120/80 mmHg, body temperature of 37 °C, resting pulse
rate of 80 beats per minute, respiratory rate of 20
breaths per minute, and peripheral oxygen saturation of
89% on room air.

COVID-19 diagnosis was confirmed via reverse
transcriptase-polymerase chain reaction analysis of her
nasopharyngeal swab specimen. She was administered
an 11-day regimen of dexamethasone (4 mg twice
daily), a 4-day of course remdesivir (100 mg daily), and
a 7-day treatment of ivermectin (6 mg daily) as part of
the COVID-19 management protocol.

Figure 1. Patient’s timeline of treatment events.

Hospitaization days 1 8§ 9

Dexamethasone (4 mg/BD)
- Ivermemn (6 mg/QD)

Insulin therapy

Atorvastatin (20 mg/QD)

Naproxen (500 mg/BD)

Regular insulin (5- 15 U/QD)

Zinc plus supplement (10 mg/QD), Rocaltrol (0.25 pg/QD)
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Empiric ceftriaxone (1g daily IV) was prescribed
for the treatment of healthcare-associated pneumonia
bacterial pneumonia. Insulin therapy was initiated to
manage the patient's comorbidities. Additionally, zinc
and calcitriol (Rocaltrol) supplements were added to the
treatment regimen. Figure 1 summarizes all
medications administered, including dosages and
treatment durations. During her hospitalization, the
patient required non-invasive ventilation and urinary
catheterization. After 12 days of hospitalization, she
was discharged with overall clinical improvement.

Seven days after discharge, the patient was
readmitted with lethargy, fatigue, and dyspnea. The
patient's vital signs were: temperature 36.9°C, blood
pressure 105/60 mmHg, and oxygen saturation 87% on
room air. Laboratory results showed hemoglobin of
12.1 g/dL, marked leukocytosis (21.5 x 10%/L with 96%
neutrophils), hyperglycemia (fasting glucose 288
mg/dL), and elevated ESR (59 mm/hour). Table 1
presents the patient's laboratory findings from both
initial and subsequent hospital admissions. During the
second admission, the patient was treated with
remdesivir, clindamycin, vancomycin, meropenem,
methylprednisolone, and dexamethasone (Figure 1).

e
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© Methylprednisolone (40 mg/BD),
. Dexamethasone (4 mg/BD)

' Remdesivir (100 mg/QD)

Regular insulin (6- 15 U/QD)
Amphotericin B (3 mg/kg/day )

Zinc plus supplement (10 mg/QD),
Rocaltrol (0.25 pg/QD)
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On day 3 of the second admission, the patient
reported unilateral facial and orbital pain. Physical
examination revealed facial swelling, chemosis, and
periorbital cellulitis. Computed tomography (CT) scan
identified heterogeneously attenuating soft tissue with
poorly defined margins, accompanied by mucosal
thickening in all bilateral paranasal (maxillary,
ethmoid, and frontal) sinuses (Figure 2A-C). Functional
endoscopic sinus surgery was performed for
debridement, which identified necrotic tissue. Surgical
specimens obtained during debridement were sent for
histopathological examination and microbiological
analysis. Direct microscopy with 10% potassium
hydroxide demonstrated broad, non-septate hyphae
(Figure 1D).

Additionally, the presence of granulomatous
inflammation with necrosis and wide, non-septate
hyphae was observed in hematoxylin and eosin staining
(Figure 1. E), confirming invasive mucormycosis. Due
to the scarcity of liposomal amphotericin B in the
hospital, there was a three-day delay before she
received the medication (3 mg/kg/day) on the sixth day
of hospitalization. Given orbital involvement, the
patient was transferred to a tertiary care center for

Figure 2A. Computed tomography (CT) scan of involvement
bilateral maxillary sinuses; B. CT scan of involvement bilateral
ethmoid; C. CT scan of involvement bilateral frontal; D. Broad
aseptate hyphae in tissue after surgical debridement in direct
microscopy (wet mount with KOH); E. Broad non-septate hyphae
on hematoxylin and eosin stain; F. Broad hyaline aseptate hyphae,
rhizoids, and sporangiophores with lactophenol aniline blue stain
in slide culture.

Rhizoid
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Table 1. Laboratory parameters of the patient at the time of
admission for COVID-19 and mucormycosis.

Parameters COVID-19 Mucormycosis
Rgd‘Blood Cell Count (RBC), 4.04 435
million/pL

White Blood Cell (WBC) Count, pL 3600 21500
Hemoglobin (Hb), mg/dL 11 12.1
Platelets, uL 114000 297000
Neutrophil count, % 74% 96%
Lymphocyte count, % 24 % 4%
Qualitative C-Reactive Protein (CRP) +++ ++
ESR, mm/hour 59 91
Blood Urea Nitrogen (BUN), mg/dL 10 22
Serum creatinine, mg/dL 0.8 0.7
Sodium Blood, mEq/L 128 124
Potassium Blood, mEq/L 2.6 4.8
Creatine Kinase-MB (CK-MB), IU/L - 36
Lactate Dehydrogenase (LDH), U/L - 571
Fasting Blood Sugar, mg/dl 288 479

ophthalmologic evaluation and potential orbital
exenteration. Despite antifungal therapy, the patient
expired on hospital day 6 post-readmission following a
myocardial infarction.

On the sixth day, cottony fungal colonies with fluffy
morphology were observed on Sabouraud dextrose
agar. Microscopic examination revealed broad, hyaline,
pauciseptate hyphae with rhizoids and sporangiophores
(Figure 2F), consistent with Mucorales fungi. Genomic
DNA was extracted using a glass bead-phenol-
chloroform protocol, as previously described [17].
Fungal species identification was performed by
amplifying the internal transcribed spacer (ITS)
ribosomal DNA region with ITS1 and ITS4 primers
[17]. The ITS rDNA sequence showed 100% identity
with Rhizopus arrhizus (syn. R. oryzae) and was
submitted to GenBank wunder accession number
0OK393876.

Molecular diversity within this strain was assessed
through phylogenetic analysis performed using MEGA
11 software. This analysis involved comparing the
sequence with existing sequences of invasive
mucormycosis in COVID-19 patients, as well as type
strains obtained from the GenBank database.

Phylogenetic analysis was conducted using the
maximum-likelihood method with the Tamura-Nei
evolutionary model and 1000 bootstrap replicates.
Figure 3 illustrates the phylogenetic similarity between
this isolate and R. arrhizus strains from COVID-19
patients in Honduras (GenBank accessions:
MZ711233.1, MZ711231.1, MZ711229.1).

Antifungal susceptibility was determined following
the Clinical and Laboratory Standards Institute (CLSI)
document M38-A2 protocols [18]. The minimum
inhibitory concentrations (MICs) were determined as
follows: amphotericin B 0.016 ug/mL, posaconazole
0.031 pg/mL, isavuconazole 0.25 pg/mL, itraconazole

663



Moghdam et al. — Fatal Post-COVID-19 Mucormycosis J Infect Dev Ctries 2025; 19(5):661-668.

Figure 3. Phylogenetic tree of Rhizopus arrhizus (R. oryzae) and other genera of mucormycetes isolated from COVID-19 patients, based on
ITS rDNA region sequencing, using the maximum-likelihood method analysis based on 1,000 bootstrap replicates.
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1 pg/mL, and voriconazole 8 pg/mL. The isolate
showed the highest susceptibility to amphotericin B,
followed by posaconazole and isavuconazole.

Currently, mno  species-specific  interpretive
breakpoints or epidemiological cutoff values exist for
Mucorales. Therefore, MIC interpretation relies on
clinical efficacy data from Aspergillus fumigatus [19].
The MIC values fell within the susceptibility range
established for A. fumigatus. Notably, the elevated
voriconazole MIC (8 pg/mL) corroborates its known
lack of activity against Mucorales [19].

We performed a systematic literature review of
sino-orbital mucormycosis in COVID-19 patients,
including studies published up to February 28, 2022.
The review findings are summarized in Table 2 [8-16].
Twenty-three cases were reported up until the
aforementioned date, including the present case.
Twenty cases (86.9%) were male. The mean patient age
was 50.22 years (range: 23-71 years). Eighteen patients
(78.2%) had pre-existing DM. Systemic corticosteroids
were administered to 60.8% of patients, compared to
30.4% receiving remdesivir and 4.3% treated with
tocilizumab. Fungal species were identified in only 4
cases (17.3%), all of which were R. arrhizus. The mean

|
96l NR 111413.1 | Lichtheimia corymbifera | CBS 42975 ] Wie ]7, I /7,@ 111a

interval between COVID-19 diagnosis and onset of
invasive mucormycosis symptoms was 17.92 + 12.48
days. Ten patients (43.4%) died. Antifungal treatment
was administered to 19 patients (82.6%), while 17
(73.9%) underwent surgical debridement.

Discussion

COVID-19 has demonstrated rapid global spread,
causing a wide clinical spectrum from mild to severe
disease in adults. The inappropriate use of systemic
corticosteroids and broad-spectrum antibiotics in
COVID-19 management significantly increases the risk
of invasive fungal infections [5].

Invasive mucormycosis represents a life-
threatening opportunistic fungal infection caused by the
order Mucorales [5]. While invasive mucormycosis
shows an approximate 50% mortality rate overall, this
varies substantially by disease manifestation, infecting
species, and patient comorbidities. Disseminated
infections prove most fatal, with > 90% mortality [6].

In high-risk patients (e.g., those with uncontrolled
DM, malignancy, organ transplantation, or
immunosuppressive therapy), Mucorales fungi exhibit
angioinvasive potential, directly penetrating vascular
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Table 2. Characteristics of sino-orbital mucormycosis in COVID-19 patients reported in the literature.
Treatment for Corticosteroid Antifungal

Reference Sex/age
Mehta et al.
India [8] M/60
M/ 32
Pakdel eral. ™71
Iran [9] M/ 55
M/ 44
M/ 66
Maini et al.
India [10] M/38
Patil et al.
India [11] M/45
Singh et al.
India[12] ™33
Bansal et al.
India[13] W30
Patel et al.
India [14] M/ 68
Garg et al. M/ 65
India [15] M/ 38
M/ 67
M/ 49
M/ 23
Sarkar et al.
India [16] F/59
F/ 27
M/ 45
M/ 62
M/ 43
M/ 32
Current case  F/ 63

Underlying diseases

DM

AML, Chemotherapy,
Neutropenia
DM, HTN,
Cardiovascular disease
DM, HTN, Hepatic
cirrhosis

None
DM, CAD, post-PTCA
DM

None

Type I DM
Type I DM

DM

DM
DM

Type I DM, HTN

COVID-19
Oseltamivir,
tocilizumab

ND
ND

ND

ND
ND

Remdesivir
ND
ND
ND

ND

ND
ND

Remdesivir

None
None
Remdesivir

None
None
Remdesivir
Remdesivir
Remdesivir
Remdesivir,
Ivermectin

therapy
MPS

ND
DXM

ND

ND
DXM

MPS, DXM
ND
ND
ND

ND

ND
ND

DXM

DXM
DXM
DXM

DXM
DXM
DXM
DXM
DXM

MPS, DXM

J Infect Dev Ctries 2025; 19(5):661-668.

Surgical Fungal CAM Outcome
therapy  Debridement species diagnosis
AMB No ND 10 Died
AMB Yes ND 7 Died
AMB, POS Yes ND 14 Survived
AMB Yes ND 1 Died
AMB Yes ND 2 Died
AMB Yes ND 18 Died
FLC, AMB Yes R. oryzae 18 Survived
ND Yes ND ND ND
ND ND ND Previously g\ 1 vived
diagnosed
FLC, AMB Yes ND 30 ND
AMB, POS Yes ND 45 Survived
ND ND R. oryzae 25 Survived
ND ND R. oryzae 24 Survived
AMB Yes No growth. At . Survived
presentation
AMB No No growth. At . Died
presentation
AMB Yes Rhizopus sp.  During stay Died
AMB No Mucor sp. At Died
presentation
AMB Yes Rhizopus sp.  During stay ~ Survived
AMB Yes Mucor sp. During stay  Survived
AMB Yes Rhizopus sp. During stay ~ Survived
AMB Yes No growth. None Survived
AMB Yes No growth  During stay Died
AMB Yes R. oryzae 21 Died

M: male; F: Female; DM: Diabetes mellitus; HTN: Hypertension; AML: Acute myeloid leukemia; CAM: COVID-19-associated mucormycosis; DXM:

Dexamethasone; MPS: Methylprednisolone; ND: Not determined; FLC: Fluconazole; AMB: Amphotericin B; POS: Posaconazole; FESS: functional
endoscopic sinus surgery; PTCA: Percutaneous coronary angiography; CAD: Coronary artery disease.

walls and inducing thrombosis, tissue necrosis, and
ischemia [20]. The infection typically originates in the
paranasal sinuses and may spread contiguously to
orbital and intracranial structures, with potential
hematogenous dissemination. Rhino-orbital-cerebral
mucormycosis  constitutes the most common
presentation, though  pulmonary, cutaneous,
gastrointestinal, and disseminated forms also occur [5].

Current evidence demonstrates that COVID-19
patients show significantly elevated levels of
proinflammatory cytokines, including 1L-6, IL-2R, IL-
10, and TNF-a. Conversely, severe COVID-19 cases
are characterized by reduced peripheral CD4+ and
CD8+ T lymphocyte counts. Consequently, these

immunological alterations significantly increase
susceptibility to fungal coinfections [21].
Multiple comorbidities- particularly essential

hypertension, cardiovascular diseases, and DM- are
established risk factors for severe COVID-19
progression. Notably, DM and uncontrolled

hyperglycemia are specifically associated with
increased COVID-19 mortality [22]. Therefore,
therapeutic strategies for COVID-19 must be carefully
selected with consideration of potential hyperglycemic
effects, particularly in diabetic patients. While
numerous therapeutic  approaches have been
investigated, many have been discontinued due to
limited efficacy or safety concerns.

Remdesivir has received FDA approval as the first
antiviral agent authorized for COVID-19 treatment in
the United States [23]. While dexamethasone remains a
mainstay for severe COVID-19 [2,24], emerging
evidence links high-dose corticosteroid and remdesivir
regimens to iatrogenic DM across diverse populations
[25,26]. Consequently, concerns have emerged about
remdesivir's potential hyperglycemic effects. Further
investigation is required to elucidate this relationship in
COVID-19 patients [27]. In the current case, systemic
corticosteroid therapy likely contributed as a risk factor
for sino-orbital mucormycosis. Additionally, the
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patient's history of insulin-dependent DM represented a
significant predisposing factor for fungal infection.

Contrastingly, Muthu et al. (2021) reported that
zinc supplementation during COVID-19 treatment may
promote in vitro growth of R. arrhizus isolates from
CAM cases [28]. The study found no significant
differences in serum zinc levels among CAM patients.
The authors further highlighted the necessity for
additional research to evaluate zinc supplementation as
a potential predisposing factor [28].

Mucormycosis diagnosis relies on a triad of clinical
presentation, imaging studies, and histopathological
examination- all critical for assessing disease
invasiveness [29]. In this case, imaging findings were
consistent with sino-orbital mucormycosis. Serial
clinical examinations and advanced imaging (CT and
MRI) are essential for evaluating disease progression
and determining the extent of invasion [30]. Classic
clinical manifestations of sino-orbital mucormycosis
comprise facial pain, headache, proptosis, periorbital
swelling, both external and internal ophthalmoplegia,
and vision loss [30].

Early initiation of antifungal therapy is critical for
reducing mortality in mucormycosis. Although our
patient underwent prompt sinus debridement, treatment
failure likely resulted from delayed antifungal
administration. While controlling predisposing factors
remains the cornerstone of invasive mucormycosis
management, this proves particularly challenging in
COVID-19 patients requiring high-dose corticosteroid
therapy.

Mucorales species exhibit distinct antifungal
susceptibility patterns, with significant variability in
azole responsiveness across different genera [19,31].
Current evidence remains insufficient to support
species-level identification of Mucorales for guiding
antifungal  therapy. However, genus/species
determination is  strongly recommended for
epidemiological surveillance, as it enhances outbreak
investigations and advances our understanding of
healthcare-associated mucormycosis [32].
Standardized antifungal susceptibility testing of
Mucorales, though not routinely recommended for
initial treatment selection, may inform therapeutic
decisions in cases of non-response to first-line agents
[32]. Rhizopus arrhizus represents the most prevalent
causative agent, accounting for nearly 60% of all
mucormycosis cases [5]. Antifungal activity against
Mucorales varies significantly among azoles, with
posaconazole, isavuconazole, and itraconazole
demonstrating species-dependent efficacy, while
voriconazole shows no detectable in vitro activity [19].

J Infect Dev Ctries 2025; 19(5):661-668.

In vitro susceptibility testing in this study
demonstrated that R. arrhizus was most sensitive to
amphotericin B, followed by posaconazole. Current
global guidelines recommend liposomal amphotericin
B as first-line therapy for suspected invasive
mucormycosis, combined with surgical debridement
when feasible [32]. The prognosis of mucormycosis
depends on multiple factors, underscoring the critical
importance of early intervention. Upon diagnosis,
immediate initiation of antifungal therapy is essential.
In sino-orbital cases, orbital exenteration presents a
significant therapeutic challenge due to its profound
functional and cosmetic consequences. While
considered a last resort option, this potentially life-
saving procedure carries substantial morbidity.

Conclusions

This case report underscores the clinical
significance of invasive mucormycosis in COVID-19
patients with comorbidities, particularly diabetes
mellitus. Adherence to international guidelines for early
diagnosis and prompt treatment initiation, coupled with
improved access to first-line antifungals, is essential for
reducing disease burden.
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