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ABSTRACT

Mucormyecosis is a severe form of fungal infection and often affect immunocompromised patients. It is associated with
high morbidity and mortality and characterized by extensive angioinvasion and necrosis of the affected tissue. It is
potentially fatal invasive fungal infection in the pediatric age group. It results in rapid spread of the disease with tissue
destruction and its nature of angioinvasion can cause wide-spread dissemination. Currently this dreaded mucormycosis
is rising among COVID-19 pediatric patients during their treatment period or after their discharge from hospital. It is
also called COVID-19 associated mucormycosis (CAM) or black fungus. Classically, uncontrolled diabetes mellitus
(DM) and other immunosuppressive conditions or corticosteroid therapy during COVID -19 treatment are known risk
factors for causing mucormycosis in pediatric patients. Early identification and prompt treatment in pediatric patients
with CAM are required. In the head and neck area, rhino-orbital-cerebral mucormycosis is a fatal clinical entity
associated with COVID-19 infections result in higher morbidity and mortality of the pediatric patients. Aggressive
endoscopic surgical debridement for local control and appropriate systemic antifungal treatment will help to improve
the prognosis and survival of the patients. The aim of this review article is to discuss the detail of epidemiology,
etiopathology, clinical profile, diagnosis and current treatment options of the CAM in children.
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INTRODUCTION

COVID-19 infection is a contagious and rapidly spreading
disease of respiratory tract caused by the novel virus,
called severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).! It is highly infectious disease which
spreads all over the world in short span of the time. On
March 11th, 2020, the World Health Organization (WHO)
declared COVID-19 as a global pandemic.! Currently
fungal infection like mucormycosis is rising in COVID-19
patient, resulting into a fatal consequence. It is affecting to
all age groups including pediatric patients with COVID-19
infections. Mucormycosis is a life-threatening infection
and can manifest as a local or systemic invasion. After
candidiasis and aspergillosis, mucormycosis is considered

as third most common fungal infections.? In the head and
neck region, the most common forms of mucormycosis are
rhino-orbital-cerebral infection.® The critical ill COVID-
19 pediatric patients those were admitted to the intensive
care unit (ICU) and required mechanical ventilation or had
prolonged duration hospital stays and those are taking
systemic steroid for prolonged period or suffering from
uncontrolled diabetes are likely to get co-fungal infections
such as mucormycosis, called COVID-19 associated
mucormycosis (CAM).*® Patients of mucormycosis in the
head and neck region may present with headache,
chemosis, multiple cranial nerve paralysis, unilateral
periorbital facial pain, proptosis, blepharoptosis, changes
of ocular motility, ophthalmoplegia and vision loss by
acute onset are most common symptoms and signs 2 The
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diagnosis of the CAM is confirmed by histopathology,
culture and KOH mount.® Early diagnosis and treatment
approach are helpful to cure this disease.” Clinical
suspicion, diagnosis and early treatment with surgical
debridement and broad-spectrum antifungal agents are key
for preventing this fatal clinical entity. The CAM in
children is less frequently documented in the literature.
The objective of this review article is to discuss the detail
of epidemiology, etiopathology, clinical profile, diagnosis
and current treatment options of the CAM in children.

METHODS OF LITERATURE SEARCH

Current research articles regarding mucormycosis in head
and neck area of the COVID-19 pediatric patient were
searched through a multiple systematic approach. First, we
conducted an online search of the Scopus, Pub Med,
Medline and Google Scholar databases with the word
COVID-19 associated mucormycosis, pediatric patients,
head and neck region and rhino-orbital-cerebral
mucormycosis. The abstract of the published articles was
identified by this search method and other articles
identified manually from the citations. This manuscript
reviews the details of the COVID-19 associated
mucormycosis specifically in head and neck region of the
COVID-19 patients in pediatric age group. This review
article presents a baseline for further prospective trials
towards this fatal fungal infection in pediatric age group
such as mucormycosis of the head and neck region or
rhino-orbital-cerebral part with COVID-19 infection in
current pandemic. It will also help as a spur for further
research in this dreaded fungal infection such as
mucormycosis of COVID-19 patients in pediatric age
group and so will be helpful to protect from such fatal
fungal infection, also called as black fungus.

EPIDEMIOLOGY

Mucormyecosis represent the third most common etiology
for invasive fungal infection after Candida and Aspergillus
species.®  Currently the mucormycosis infections is
increasing in current COVID-19 pandemic and affecting
both adult and children. There are several factors
associated with increase in number of cases of
mucormycosis in COVID-19 infection. This infection is
more in diabetes mellitus patient, malignancy patient and
those are taking immunosuppressive medication,
immunomodulators like tocilizumab.® Use of voriconazole
in immunocompromised patients has been singled out as
an important risk factor for mucormycosis.®
Mucormycosis accounts for 10% of all fungal infections.
Despite intensive antifungal treatment and surgical
debridement, the mortality rate of these patients is more
than 40% for many decades.!

ETIOPATHOLOGY
Mucormyecosis is caused by fungi which belongs to order

Mucorales of the class Zygomycetes. These fungi are
ubiquitous saprophytes and seen in soil, decomposed

vegetables and in healthy human respiratory tract and
digestive system.®2 Mucormycosis is usually found in
individuals with lower body immunity. COVID-19
patients usually show higher levels of inflammatory
cytokines (interleukin (IL)-2R, IL-6, IL-10 and tumor
necrosis factor-alpha), impaired cell-mediated immune
response, affect both CD4+ T and CD8 + T cells.?*?
COVID-19 patients often treated with steroids and
immunomodulators which impair the immune system of
the patient. So, COVID-19 patients have susceptibility
towards fungal co-infections such as mucormycosis.
Mucormycosis is a rare, fatal, angio-invasive and
opportunistic fungal infection among children which can
affect any organ of the body.*® In the head and neck region,
rhino-orbital-cerebral infection is common type of the
mucormycosis infections.'® Although immune deficiency
is an important risk factors for co-fungal infections, there
are several other diseases also provide chance for
mucormycosis in children. Hematological malignancy is
an important risk factor for mucormycosis.t” Other risk
factors are hematopoietic stem cell transplants or solid
organ transplant recipient. Solid organ cancer (without
transplant) is not usually associated with mucormycosis.*8
Diabetes mellitus is also another important risk factor with
9% to 36% of the cases of mucormycosis found in
diabetes. 19 Injudicious use of steroids during treatment of
COVID-19 infections lower the immunity is also an
important risk factor for getting mucormycosis infection.
Systemic steroid not only lowers the immunity and but
also increases the blood glucose level in the blood and so
act as risk for getting fungal infection.?’ Tocilizumab is an
immunomodulator which impair the immunity of the
patient. Iron overload, deferoxamine therapy, intravenous
drug use, kidney diseases are less common in children but
remain well recognized risk factors for causing
mucormycosis in children.? Burns and traumatic
ulcers/wounds may be associated with cutaneous
mucormycosis.?l Poor oral hygiene during oxygen
administration and use of unsterile, unclean oxygen
providing medical devices are also responsible for co-
fungal infections to the COVID-19 children. So, the oral
care should be done and devices giving oxygen must be
maintained with optimum sterility.’® In some children, no
specific underlying risk factors are associated with
mucormycosis.?> The Rhizopus species (approximately
44%) and Mucor species (approximately 15%) are most
commonly found in mucormycosis infection.?®

The important factor for pathogenesis of Mucormycosis
are host defense mechanism, fungal endothelial interaction
and role of the iron. In case of normal immune status,
mononuclear and polymorphonuclear cells produce
oxidative metabolites which usually kill Mucorales. This
is the cause for neutropenia and defective phagocytes
being considered as risk factors for resulting
mucormycosis. Diabetes patients with COVID-19
infection increases the risk for impair blood glucose levels
and ketoacidosis to damage the phagocytic defense
mechanism.?* The hallmark for mucormycosis is extensive
angioinvasion, resulting thrombosis in the vessels and

International Journal of Contemporary Pediatrics | July 2021 | Vol 8 | Issue 7 Page 1323



Swain SK. Int J Contemp Pediatr. 2021 Jul;8(7):1322-1327

necrosis of the affected tissue. The endothelial cells result
in phagocytosis of the dead fungus which results in further
tissue damage. This is the rationale behind the requirement
of surgical debridement in combination to antifungal
treatment for CAM. The serum iron level also has role in
the pathogenesis of the mucormycosis. Higher serum iron
levels increase the susceptibility for mucormycosis. In
patient of diabetes ketoacidosis, the iron is released from
the transferrin in acidic pH, this result in predisposing for
mucormycosis.?®  Mucormycosis  usually  presents
clinically as five forms such as rhinocerebral, pulmonary,
disseminated, gastrointestinal and cutaneous. The most
common form is rhinocerebral. Mucormycosis in pediatric
age group is usually associated with prematurity, low birth
weight, febrile neutropenia, immunodeficient states,
systemic corticosteroid, broad spectrum antibiotic
treatment, malnutrition and local injury in skin.?® This
fungal infection can occur in the rhino-orbital-cerebral
part, respiratory, gastrointestinal and cutaneous forms on
the basis of the sites where the spores are inhaled, ingested
or inoculated.”” Rhino-orbital-cerebral form of the
mucormycosis in head and neck region is very fatal and
can result in even death of the patient if not treated
promptly. Fungi enter into the body via inhalation and the
fungal hyphae may enter into lymphatics, arteries and
veins results in thrombosis and eschar formation.?

CLINICAL PRESENTATIONS

In head and neck region, rhino-orbital-cerebral disease is
the commonest form of the mucormycosis in adult and
children. The initial clinical presentations often mimic to
rhinosinusitis and shows non-specific symptoms such as
facial pain, nasal discharge, nasal block, headache, facial
swelling (Figure 1), eye pain and orbital swelling.2® Male
children are more commonly affected than female with M:
Fis1.6:1.%

Figure 1: A 2-year-old male child with CAM
presenting with right orbito-facial swelling.

Progression of the disease causes tissue infarction and
formation of necrotic eschars. Spread of the infections to
the eye usually occurs from the ethmoidal sinuses which
manifests as eye pain and proptosis. Intra-cranial
involvement often occurs from the ethmoidal and
sphenoidal sinus by blood vessels to the brain and/or
cavernous sinus.®* The warning symptoms for rhino-

orbito-cerebral mucormycosis are nasal stuffiness, foul
smelling nasal discharge, epistaxis, facial swelling,
periocular swelling, eye pain, facial pain, worsening
headache, proptosis, sudden loss of vision, facial
paresthesia, sudden ptosis, diplopia, facial palsy, fever,
altered sensorium. Patients of CAM may complain
toothache, loosening of maxillary teeth.% Patient may also
present with blurring of the vision or double vision in case
of orbital involvement.

DIAGNOSIS

Mucormyecosis is considered as a medical emergency
which need early diagnostic confirmation for prompt
treatment. Sometimes the early diagnosis is hampered due
its non-specific symptoms. The diagnosis needs a high
grade of suspicion and close interaction between the
clinicians and microbiologists. Suspected patient of CAM
should undergo undergoes diagnostic nasal endoscopy and
tissue should be collected in sterile saline for microscopy
and culture and other portion in normal saline for
histopathological ~study. During diagnostic nasal
endoscopy, the presence of black eschar at the site of lesion
usually gives first clue for the diagnosis. Prompt diagnosis
can be made by direct microscopy with KOH mount and
biopsy. Histopathological examination usually provides
definite diagnosis. The histopathological examination can
support towards the diagnosis by showing the broad
aseptate hyphae and angioinvasion. Vascular thrombosis is
a classical feature found in zygomycosis because of the
angioinvasion by the fungus. The fungi can also be
highlighted by special stains such as Gomori’s
methenamine silver (GMS) or periodic acid Schiff (PAS)
stains. Sometimes, the immunohistochemistry with
zygomycete antibodies is useful for diagnosis.®® Fungal
culture of the tissue sample is the gold standard for
diagnosis of the mucormycosis, as it only confirms the
diagnosis but also helpful for precise genus and species
identification. Now days, molecular testing with tissue
samples also confirm the histopathological diagnosis.
Molecular technique is based on polymerase chain
reaction (PCR) uses internal transcribed spacer (ITS) such
as ITS1 and ITS2 regions which are variable between
fungal species as target for identification of species.®
Other molecular techniques are 18S targeted semi-nested
PCR and real time PCR targeting cytochrome b gene.*
One study introduced two real time quantitative PCR
assays which targets 28S rRNA gene.3* As histopathology
and culture are time taking process, molecular assays are
emerged to identify fungal pathogens and also species
identification, both from fresh and formalin fixed
embedded (FFPE) tissue. The wound culture usually takes
time and blood culture are negative, so rarely useful.*®

TREATMENT

The key to effective management of the CAM is early
identification, elimination of predisposing factors,
aggressive surgical debridement and parenteral antifungal
treatment. Pediatric patients of CAM if known case of
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diabetes or diabetic ketoacidosis should be properly
controlled with appropriate medication like insulin or oral
hypoglycemic medications. The immunomodulators if any
taken by patients should be discontinued. Surgical
intervention is an essentials treatment option in
mucormycosis. Aggressive debridement of the infected
and necrotic part/tissue should be done promptly. The
debridement of the necrotic tissue is usually done till
getting bleeding tissue for enhancing penetration of the
antifungal drugs into the affected areas. The highest level
of successful treatment can be achieved by combination of
surgery and medical management.® Surgical debridement
is often associated with significant lowering of the
mortality rates, specifically those with rhino-orbital-
cerebral mucormycosis.®” Surgical debridement include
removal of the necrotic materials; if eye involved,
exenteration of eye should be done. Sometimes
reconstruction of the affected area may be required for
functional and cosmesis purpose.

Before starting medical treatment with amphotericin B,
insert peripheral inserted central catheter (PICC) or central
venous catheter. Patient should maintain adequate
systemic hydration, infuse normal saline IV before
amphotericin B infusion. The standard medical treatment
of CAM is Amphotericin B (AmB) in the dose of 1.0 to
1.5 mg/kg/day for period ranges from weeks to months
depending on the clinical response.®*® Amphotericin B
(AmB) is the corner stone in the medical management of
the mucormycosis and delay in starting of AmB is a
predictor for poor outcome in patients of mucormycosis.
So, early initiation of AmB is associated with greater
survival rates.® There is less toxic form of AmB, called
liposomal form colloidal dispersible type, lipid complex
given at higher dose (3 to 5 mg/kg/day) with lesser side
effects. There is topical AmB has also available which is
helpful but limited by its availability and cost factors.
Posaconazole is a triazole and act as a broad-spectrum
antifungal drug. It acts against Mucorales fungi and
available in oral and intravenous formulations.®®
Posaconazole is highly lipophilic and distributed to all part
of the tissue easily. It is also better tolerated in comparison
of AmB and has lesser toxicity. Study on posaconazole
showed that oral formulation has good safety and
tolerability with moderate efficacy against invasive fungal
infections.®> However it is less studied in pediatric
patients, so need additional studies for establishing ideal
dose and its efficacy and side effects in children. In
pediatric age group, it has limited role and primarily to
combination therapy. Isavuconazonium sulfate is a new
prodrug of the triazole isavuconazole against Mucorales
molds.* It is also available in oral or intravenous forms
and has good results in adults. Isavuconazonium sulfate
can be useful in conjunction with AmB in pediatric
patients. lsavuconazole may be a safe and effective
antifungal drug for children and adolescents.*? In few
selected cases, hyperbaric oxygen is also helpful for
controlling CAM.2® Combined surgical and medical
approach are the mainstay of treatment for CAM.

PROGNOSIS

The overall mortality related to CAM is high, especially in
immunocompromised pediatric patient. The mortality is
associated with delayed treatment and disseminated
infection in age of less one year.*® High indexes of clinical
suspicion, early diagnosis and prompt treatment can
improve the survival of the children. The diagnosis is
usually delayed in majority cases as clinicians are not
much familiar to this disease. The case fatality rate of
mucormycosis in worldwide is approximately 46%.* The
diagnosis of the CAM in pediatric age is often difficult to
diagnose early. However, the early diagnosis and
management of the fatal lesion in the pediatric patient is
always essential and delay pf even 6 days is associated
with doubling of mortality rate from 35 % to 66%. %
Despite early identification and aggressive treatment, the
prognosis for getting recovery from the CAM is poor. In
case of high-risk child, the diagnosis of CAM can be
suspected if there is associated with unilateral facial
swelling, facial pain, orbital swelling and proptosis. The
late sign is tissue necrosis which act as a hallmark for
mucormycosis, occur due to angioinvasion and vascular
thrombosis. 45 Once the diagnosis of CAM is done,
prompt surgical debridement is needed followed by
antifungal agents. So, early diagnosis and prompt
treatment are necessary for improvement of the outcome
of the CAM in children.

CONCLUSION

COVID-19 infection is spreading quickly all the
continents of the world and affecting all age groups
including children. Currently the mucormycosis, a fatal
fungal infection is associated with COVID-19 patient.
Children with low immunity, diabetes mellitus or taking
systemic steroids or under any immunosuppressive
medication with COVID-19 are at higher susceptibility for
fungal infection. Mucormycosis is a life-threatening
fungal disease resulting in vascular invasion by the hyphae
leading to thrombosis and necrosis of the host tissue.
Although CAM is a fatal, early diagnosis and
multidisciplinary approach to the treatment can lead to
excellent outcome. In COVID-19 patient, the severity of
the mucormycosis is due its rapid progression and angio-
invasive  nature.  Pediatrician or clinician or
otorhinolaryngologist should act promptly to identify the
mucormycosis  particularly in  immunocompromised
children or poorly controlled diabetes mellitus. There
should be multidisciplinary approach for this fatal clinical
entity such as prompt diagnosis and early treatment with
broad spectrum antifungal agents and appropriate surgical
debridement plus reversal of the underlying risk factors
condition.
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