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Introduction

Severe acute respiratory syndrome corona virus-2 (SARS-CoV-2) is the culprit behind
the pandemic across the globe in recent decades. Variants of SARS-CoV especially
coronavirus disease 2019 (COVID-19)-related fungus might not be identified or might
be misdiagnosed on a worldwide scale. Patients of COVID-19 acquired invasive
mycoses, especially if they are very ill or immunosuppressed. Clinical intervention
based on various standard guidelines would be necessary to guarantee that Aspergillus
and Candida-infected COVID-19 patients are adequately treated. To facilitate clinical
professionals, doctors, paramedics, and laboratory staff in the treatment of various
variants of COVID-19 patients with concurrent aspergillosis, candidiasis, mucormyco-
sis, or cryptococcosis, a tabulation format is drafted in this study. We believe it is
prudent to take into account the general nature, and variety of the mycosis that is
arriving, the strength and limits of the diagnostic tools, clinical conditions, and the
need for standardized or customized therapy in various coronavirus-infected patients.

high. This may be the outcome of a COVID-19-related sickness,

Coronavirus disease 2019 (COVID-19) was initially identified
in Wuhan, Hubei Province, China, causing alarm on a global
scale as of December 2019." Although the initial wave of the
2019 corona virus and its various variants outbreak have
passed, it is present in different parts of the globe. However,
opportunistic invasion danger of fungus infection is still quite
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which can cause immunological suppression, higher ferritin
levels, excessive iron loading, acidosis, endothelium damage,
and the requirement for several wide-ranging antibiotics to
treat or prevent subsequent infections. In terms of the inci-
dence of invasive fungal infections (IFIs) and the number of
persons with diabetes mellitus, India is ranked second among
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all other countries. In India, particularly in COVID-19, IFls are
probably prevalent. In two to three individuals of COVID-19
individuals, immune suppression causes a decline inT cells like
CD4+ and CD8 +. Significant fungal infections were common
in critically ill hospitalized patients.2

Invasive Mucormycosis

Mucorales fungi-like Rhizopus, Mucor, Rhizomucor, Cun-
ninghamella, and Absidia are responsible for angio-invasive
infections known as mucormycosis.> Nowadays, the term
zygomycosis is used to describe IFI brought on by Zygomy-
cetes. Zygomycetes are molds that reproduce sexually by
producing zygospores and have aseptate or pauciseptate,
irregularly branched ribbon-like hyphae. They were reclas-
sified as Mucorales and Entomophthorales, respectively,
even though these species were previously separated into
two orders, Mucorales and Entomophthorales. Entomoph-
thorales molds are rare infections that are generally preva-
lent in tropical regions and cause chronic sinus and skin
conditions that hardly ever affect internal organs.* Mucor-
mycosis is prevalent in India with 0.14 / 1000 individuals,
which is approximately 80 times greater than the wealthy
nations.” Depending on where the disease is found, mucor-
mycosis can present differently clinically.? Most patients
with invasive mucormycosis are immunosuppressed or ob-
served associated with chronic diseases like diabetes melli-
tus, blood-related malignancies, or have recently undergone
a transplant.* Patients who have COVID-19 and other var-
iants may be more vulnerable to fungal infections. Mucor-
mycosis is affecting when hyphae enter the circulation and
induce thrombosis and necrosis.® Mucormycosis infection
affects the rhino-orbitocerebral system, skin, and lungs.
Although it can also be brought on by another angio-invasive
fungus including aspergillosis and Pseudallescheria boydii,
mucormycosis is the primary cause of the neurological
clinical condition known as a rhino-orbitocerebral syn-
drome. The rhino-orbitocerebral syndrome symptoms
show as pain in the face, facial numbness, headache, eye
pain, and diplopia with several other eye-related disorders;
blackness on the skin and mucosa, along with ulcer and
palate drainage. Mucor damages necrotic tissue and throm-
bosis in nearby arteries of the nervous system like the
internal carotid artery and cavernous sinus’ (~Table 1).

Diagnosis

It is recommended to employ computed tomography (CT) or
magnetic resonance imaging (MRI) to see the brain, intra-
cranial arteries, and paranasal sinuses. The first imaging
method often used a CT scan that can detect bone dehiscence
or disintegration. MRI can detect vascular invasion, an
intracranial tumor, and the optic nerve.® Potassium hydrox-
ide (KOH) and Calcofluor, two fungus-specific stains/culture,
histopathology, and molecular diagnostic with polymerase
chain reaction (PCR), are used in the research.’

Management
Therapeutic management of fungal infections acquired by
COVID-19 and its other variants with reference to standards
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are required to deliver antifungal medications and surgical
management. Moreover, this opportunistic infection is also
associated to acquire promptly metabolic abnormalities
management that increases the mortality risk of mucormy-
cosis by 50%.

Medical Management
Diagnostically, it is necessary to record MRI or CT scan to
observe the brain, intracranial arteries, and paranasal sinuses.
The firstimaging method often used, a CTscan, can detect bone
dehiscence or disintegration. MRI can detect vascular invasion,
an intracranial tumor, and the optic nerve.® KOH and Calco-
fluor, fungus-specific antibiogram and molecular diagnostic
test should be ordered before confirming the diagnosis.
Medical management of this opportunistic infection
required liposomal amphotericin B/amphotericin deoxycho-
late and standard amphotericin B/amphotericin deoxycho-
late that are effective and have more unfavorable side
effects.'® Amphotericin is commonly infused over a period
of 1 to4 hours at arate of 0.3 to 1.5 mg/kg/day. Before starting
intravenous therapy, a 1-mg test dosage should be given.
People with adequate renal function can receive amphoteri-
cin B over the course of 1 to 2 hours."" Two other drugs for the
treatment of mucormycosis include posaconazole (300 mg
twice a day for 3 days, then 300mg daily, orally) and
isavuconazole(200 mg twice daily on the first day followed
by 200mg daily)."? Isavuconazole demonstrated efficacy
comparable to amphotericin in an open-label research.'>
For the oral formulation, a long shelf life of up to 180 days
is available.'* Antifungal drugs including caspofungin, vor-
iconazole, and fluconazole cannot treat mucormycosis
(=Table 1).

Surgical Management

Osteomyelitis abscess, debridement, and various sorts of
necrotic tissue removal can all be handled surgically. The
surgical team should include an ENT specialist, an eye
specialist, a dental surgeon, and a neurosurgeon, depending
on the area that is impacted. Mucormycosis is frequently
treated with orbital debulking and functional endoscopic
sinus surgery. Since medications cannot reach necrotic tis-
sue, early surgery is better than late surgery. Patients with
mucor require substantial surgical help in order to have a
decent prognosis. Depending on how the patient reacts to
the treatment, a check endoscopy or surgical inquiry may
need to be repeated in some circumstances. Uncertain and
dependent on the specifics of each case, the length of therapy
will be determined. Amphotericin therapy is recommended
for 4 to 6 weeks. For a few more weeks, posaconazole or
isavuconazole might be used as maintenance therapy'”
(~Table 1).

Invasive Candidiasis

The most common yeast species are identified on mucosal
surfaces, such as respiratory, digestive, and urinary systems.
The most commonly isolated pathogens included Candida
albicans, Candida glabrata, Candida krusei, Candida para-
psilosis, and Candida tropicalis. The most common cause of
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Table 1 Diagnostic and therapeutic pathway for invasive fungal coinfection

COVID-19 patients associated with invasive fungal infections

1. Severely ill ones (admitted to ICU, required mechanical ventilation, long duration of hospital stay)
2. And/or with an immunocompromised state

Invasive fungal
infections (IFI)

Risk factors

Diagnosis

Treatment

Invasive
MUuCOrmycosis

Trauma, diabetes
Mellitus, GC use,
allo HSCT, SBT, prolong
neutropenia, HM

1. Direct microscopy using fluorescent

brightener and histopathology with special
stains (PAS, GMS)

Typical findings: Nonseptate, ribbon-like
hyphae (at least 6-16um wide)

. Culture: Routine media 30°C and 37°C

Typical finding: cottony white or grayish
black colony.

. Molecular Identification: PCR-based assays,

HRM target gene:18S, ITS,28S or rDNA

1. Surgical treatment: If possible

2.

3.

Primary Prophylaxis:
Posaconazole

First-line treatment:
amphotericin B lipid complex,
liposomal amphotericin B,
posaconazole oral suspension

conditions, mucoid creamy colonies

. Serology: CrAg, LAT, EIA, LFA

Molecular identification: Pan fungal PCR,
DNA sequencing, multiplex PCR, isothermal
amplification, probe-based micro-assays,
target gene: IGS1, CAP5, ITS

2.

3.

Invasive Parenteral nutrition, . Direct Microscopy using Calcofluor or 1. Echinocandin (caspofungin,
candidiasis Broad spectrum Blankophor Micafungin, anidulafungin)
antibacterial drug use, Typical finding: Pseudohyphae 2. Triazoles (fluconazole,
Invasive examinations . Culture: Blood or other sterile samples voriconazole, itraconazole)
Typical findings: cream like 3. Amphotericin B and its
. Serology: Mannan and anti-mannan IgG liposomes
tests, CAGTA, BDG
. Molecular identification: PCR-based assays,
target gene: -DNA, ITS
. New methods: T2 magnetic resonance and
MALDI-TOF technology
Invasive GC use, COPD, prolonged . Direct microscopy using Calcofluor or 1. Triazoles (voriconazole,
aspergillosis neutropenia, Blankophor and histopathology with special posaconazole, isocoanazole,
allo-HSCT, SBT, inherited stains (PAS, GMS) itraconazole)
immunodeficiencies, Typical findings: acute angle branching 2. Amphotericin B and its
CF, HM septate hyphae liposomes
. Culture: 37° C for 2-5 days, morphological 3. Echinocandin (micafungin,
features caspofungin)
. Molecular Identifications: PCR-based assays,
target gene: Ben-A, CAL, and ITS
. GM test: Serum and BALF
Invasive HIV infection . Direct microscopy: CSF mixed with India ink, | 1. Induction Phase: Amphotericin
Cryptococcosis | (CD4 <200 cells/uL), narrow budding encapsulated yeasts B deoxycholate and flucytosine
allo-HSCT, SOT . Culture: 30°C for 7 days, in aerobic followed by fluconazole;

alternative for fluconazole+
flucytosine or amphotericin B
deoxycholate + fluconazole.
Consolidation phase:
fluconazole

Maintenance phase: fluconazole

Abbreviations: BALF, bronchoalveolar lavage fluid; CF, cystic fibrosis; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus

disease 2019; CSF, cerebrospinal fluid; EIA, enzyme-linked immunoassay; GM, galactomannan; GMS, Grocott-Gomori's methenamine-silver; ICU,

intensive care unit; HIV, human immunodeficiency virus; HM, haematological malignancy; allo-HSCT, allogeneic hematopoietic stem cell
transplantation; LAT, latex agglutination test; PAS, periodic acid-Schiff; PCR, polymerase chain reaction; SBT, solid body transplantation.

16

invasive candidiasis appears to be Candida albicans.
COVID-19 patients, who are severely ill and treated with
antiretroviral medicines, parental meals, and intrusive test-
ing, as well as those with persistent neutropenia and other
physical limitations, may be at higher risk of Candida-type
infection. The primary cause of fatal illnesses and one of the
components of the human mycobiome are thought to be
Candida species. The deleterious effects of severe COVID-19
are increasingly being recognized as invasive yeast infec-
tions.!” The risk factors for the illness have expanded, and
now include persons who have undergone solid organ and

hematopoietic stem cell transplantation (HSCT), used im-
munosuppressive medications, had HIV infection, were pre-
maturely born, were older, underwent surgery, or had
cancer.'® The most frequent clinical symptom of invasive
candidiasis is bloodstream infection with a Candida species
(candidemia), which is an important source of rising sentinel
events and death for hospital-admitted patients.'® Septic
shock is a clinical sign of candidemia in affected persons.
According to one study, people with Candida spp. ocular
shock is more likely to experience renal and hepatic failure
and had lower levels of lactic dehydrogenase than those with
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bacterial shock. Ones connected to internal and external
candidiasis include abscesses, peritonitis, pancreatitis, and
cholangitis'® (- Table 1).

Diagnosis

Without initially understanding the extent of the disease,
the results of an invasive candidiasis diagnostic test cannot
be properly interpreted. Invasive candidiasis can manifest
as either one of two forms, candidemia, or severe candidia-
sis.?% The detection limit for live Candida in blood cultures is
equivalent to or superior to that of PCR. Cerebrospinal fluid
(CSF) samples are reliable indicators of candida meningitis
in patients. Nonculture diagnostic techniques for invasive
candidiasis include mannan, anti-mannan antibody, and C.
albicans germ tube antibody. Initially, diagnosis with non-
culture for invasive candidiasis was serum tests for Candida
antigens and anti-Candida antibodies. Most Candida anti-
gens have limited diagnostic use due to low serum concen-
trations and fast circulatory clearance. Numerous cell wall
components such as mannan and 1,3-D-glucan (BDG) are
the most efficient targets.”’ The T2 Candida panel is an
additional diagnostic marker, and BDG is an essential part
of the Candida cell wall and the fungus infection. T2 Candida
nanodiagnostic panel has received Food and Drug Adminis-
tration approval for the detection of candidemia. To find
Candida in whole blood, T2 Candida employs an automated
method that makes use of K2 EDTA Vacutainer collection
tubes and a customized equipment platform (T2Dx)??
(=Table 1).

Management

A higher mortality rate has been observed in COVID-19
patients with IFls. Timely identification and treatment are
essential for a positive clinical result as compared to individ-
uals who did not get antifungal medication. Invasive candi-
diasis therapy in COVID-19 patients is the same as for people
without the virus.?? Echinocandins, azoles, and polyenes are
now the three steps of therapy for candidiasis. Additionally,
the pyrimidine analogue flucytosine has a unique place in the
management of Candida endocarditis and intermediate can-
didiasis.?*?> Pharmacological regimen for invasive Candida
infections involves echinocandins firstly, then liposomal
amphotericin B, fluconazole, posaconazole, voriconazole,
and isavuconazole,!7-23:26-28

Invasive Aspergillosis

COVID-19 patients who have high-risk factors for life-threat-
ening infections are particularly susceptible to Aspergillus
consequences.?>3% Allogeneic hematopoietic stem cell trans-
plant (allo-HSCT), solid body transplantation (SBT), inherited
disability, use of gas chromatography (GC), chronic neutro-
penia, chronic obstructive pulmonary disease (COPD), SBT,
and diseases (acute respiratory distress syndrome [ARDS])
resulting from viral infections tend to secondary problems
such as noninvasive aspergillosis even with a well-defined
immune system.>"-32 Hypoxic risk of internal defenses and
autoimmune illnesses brought on by ARDS are two possible
causes for this>> (~Table 1).
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Diagnosis

Distinguishing Aspergillus species from other filamentous
fungi (Fusarium species and Scedosporium species) can be
challenging; histopathologic tests based on spotting specific
fungal areas in fluid or tissue, where there is suspicion of
fungal infection, may reveal a critical septate hypertension
feature of Aspergillus species. Additionally, Grocott-Gomori’s
methenamine-silver and periodic acid-Schiff of organized
tissue will help.3* Therefore, we need to have descriptive
evidence of cultural or nontraditional techniques, including
(i) direct testing of optical light, Calcofluor or Blankophor
light, which may increase sensitivity and clarity of detection
similar to Aspergillus ; (ii) culture in fungal sources at 37 °C 2
to 5 days, if positive, morphological features of Aspergillus
can be detected under a microscope or DNA sequences can be
used in laboratory indicators for accurate diagnosis, though
low culture is seen and side effects do not exclude immu-
noassay (IA) diagnosis; (iii) molecular testing based on
ribosomal DNA sequence (rDNA) can also be used to detect
Aspergillus tissue or bronchoalveolar lavage fluid (BALF),
especially PCR trials may be used to detect Aspergillus spp.
and conversion of CYP51A resistance to A. Fumigatus,
although these methods are not limited by laboratory
conditions or reagents;>® (iv) serum and BALF GM tests
are also recommended as early and accurate diagnosis using
negative diagnostic procedures, especially in non-neutro-
penia patients, who have the benefit of minor injury and
long-term functionality. Sometimes these blood sample
tests are less sensitive than respiratory sampling cultures>®
(=Table 1).

Management

Typically, triazoles (itraconazole, voriconazole, posaconazole,
and isavuconazole),amphotericin B, and its liposomes are used
for the treatment and prevention of IA (micafungin or caspo-
fungin). However, drug monitoring is advised. Besides, the
interaction between azoles and other medications ought to be
taken into account, carefully. The majority of individuals may
select triazole medications to treat IA (~Table 1).

Invasive Cryptococcosis

Cryptococcus neoformans or Cryptococcus gattii are the patho-
gens that cause crypto coccidiosis, an invasive tuberculosis
that is still spreading around the world.?’ Individuals with
cryptococcosis are frequently immobile, and many of them
had previously tested positive for HIV. However, there have
also been accounts of patients who are believed to be frail.>®
Meningoencephalitis has been linked to infections with Cryp-
tococcus neoformans in individuals who are not responding.3°
However, it occurs less frequently in impotent individuals,
such as HIV patients linked with CD4 and COVID-19. The most
typical symptom of cryptococcosis is meningoencephalitis,
which is caused by immunological diseases such as T-lympho-
cyte 200 cells/uL, allo-HSCT, SBT, or others'7-39:40 (=Table 1).

Diagnosis
Cryptococcus species findings that include Cryptococcus neo-
formans and C types led to the finding of cryptococcosis.
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Fig. 1 Fungal infections affecting major organs of the body.

Gattii, an amalgamation of clinical as well as laboratory
validation, is often used to make the diagnosis of crypto-
coccosis. Histopathology, serology, cell detection, and exact
microscopy are techniques used to confirm culture infec-
tion. A little amount of frequently found blended yeast can
be added to a sample of CSF to develop a specific structure
for Cryptococcus spp. to diagnose cryptococcosis. Cultural
samples need to be incubated in Sabouraud dextrose agar at
30° C for 7 days while being examined every day under
aerobic circumstances. Additionally, cultures may take lon-
ger to grow in individuals on systemic antifungal therapy.
The green coin of the coin is thought to be Cryptococcus
serum, CSF, BAL, or diseased tissues can be used to collect
and quantify the capsular polysaccharides of Cryptococcus.
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There are now three different cryptococcal antigens tests
available: lateral flow immunoassay (LFI), enzyme-linked
immunoassay (EIA), and latex agglutination test (LAT).
The BAL, pleural fluid, and sputum samples used in
respiratory samples, such as testing, are not suitable for
these rapid, sensitive, and accurate procedures.* In rare
instances, cell identification is necessary to validate cryp-
tococcosis diagnosis when other diagnostic techniques fail
to work. Pan-fungal PCR, DNA sequencing detection, mul-
tiplex PCR, isothermal pathway magnification, and inves-
tigative microarrays are some of these molecular
processes. Lumbar and CSF testing, further including
antigen, are advised for patients as soon as cryptococcosis
is diagnosed (=Table 1).
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Management

Drugs in the ensuing forms are suggested as desirable ones
in the intake phase of flucytosine or amphotericin B deox-
ycholate followed by fluconazole; these are additional
fluconazole treatment alternatives (=Table 1).

Discussion

Depending on the fungus that is infected, IFI puts patients
who have co-morbidities at a significant chance of dying. 1A is
most frequently seen in neutropenic patients, receiving
chemotherapy, has severe hematological conditions, are
receiving long-term corticosteroid therapy or biotherapy,
have solid tumors or HSCT allografts, or have chronic respi-
ratory conditions. Pneumocystosis is a contagious illness that
can affect people with lymphopenia, HIV, hematological
problems, severe or persistent respiratory infections, and
lymphopenic individuals. Most cases of infectious mucor-
mycosis are associated with individuals who have diabetes,
severe hematological disorders, solid organ transplants,
chronic respiratory illnesses, persistent burn injuries, or
post-traumatic stress disorder. The number of COVID-19
patients being managed is growing swiftly, and real-time
testing is being used to quickly provide tailored medication.
Aspergillosis, pneumocystosis, and mucormycosis have sig-
nificantly different first-line therapies, and these therapies
will be avoided wherever feasible. Preventive strategies like
antifungal chemoprophylaxis and natural remedies might be
taken into consideration to lower morbidity and death based
on the epidemiological data that is currently available
(=Table 1).

Conclusion

We predict that the widespread COVID-19 cofungal infection
might be failed to notice or would have made an incorrect
diagnosis. Additionally, as a potentially fatal infectious con-
dition, patients with COVID-19 have excessive suppression of
inflammatory cytokines and impaired immune response by
having reduced CD4 T and CD8 T cell counts, which allowed
for the discovery of a fungal coinfection. Additionally, COVID-
19 patients often have other autoimmune conditions such as
chronic neutropenia, HSCT, GC, SBT, hereditary conditions,
or herbal medicines. The tumor may also encourage a joint
fungal infection. The revised diagnostic information (histo-
pathology, extremely tiny tests, culture, (1,3) -bD-glucan,
galactomannan, PCR tests, matrix-assisted laser desorption/
ionization-time of flight [MALDI-TOF] technology, etc.) and
noninvasive mycosis therapy suggestions are outlined here.
We advise that it is wise enough to consider risk factors and
different forms of incurable mycosis, the benefits and draw-
backs of diagnostic procedures, clinical settings, and the
requirement for standard or unique care for COVID-19
patients. To help doctors and lab experts manage aspergillo-
sis, candidiasis, mucormycosis, or cryptococcosis as associ-
ated illnesses in patients with COVID-19, we have supplied a
tabulation table (~Table 1). A quick explanation of the types

Avicenna Journal of Medicine Vol. 13 No. 3/2023 © 2023. The Author(s).

of mucor infections that affect different organ systems in the
human body has been provided in the form of a diagram
(~Fig. 1).
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