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ABSTRACT

Aim: Mucormycosis is a rare but severe fungal infection, particularly found in immunocompromised patients.
Currently this dreaded mucormycosis is rising among COVID-19 paediatric patients during their treatment
period or after their discharge from hospital. It is also called as black fungus. The aim of this study is to evaluate
the COVID-19 associated mucormycosis (CAM) in head and neck region of the paediatric patients with its
clinical manifestations and management.

Material and methods: This is a descriptive and prospective study of paediatric patients with COVID-19
associated mucormycosis (CAM) carried out at a postgraduate teaching hospital. This study was conducted
between March 2020 to April 2021. Patient profile such as age, sex, comorbidities, clinical presentations,
diagnosis and treatment of the CAM were analysed. There were 12 paediatric patients of CAM were enrolled
in this study.

Results: Out of 12 paediatric patients of CAM, there were eight male and four female patients, aged from
3 years to 16 years. Out of the 12 patients, 3 were diabetic (25%). Three patients (25%) were taking prolonged
systemic steroids with prolonged hospital ICU stay. Two children (16.66%) were under chemotherapy for acute
leukaemia. The common clinical symptoms were facial swelling, facial pain, nasal block and nasal discharge.
Diagnosis was confirmed by histological examination. All were treated with endoscopic surgical debridement
and amphotericin B. Two patients were passed away; one was due to cerebral involvement and another was
due to respiratory failure by pneumonia.

Conclusions: Early identification and prompt treatment in paediatric patients with CAM are required.
Aggressive endoscopic surgical debridement for local control and appropriate systemic antifungal treatment
will help to improve the prognosis and survival of the patients.
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Mucormycosis is a dreaded fungal infection with
characteristic feature of angioinvasion [1]. It is caused
by a fungus belong to the order Mucorales of the class
Zygomycetes. This fungus is saprophytic in nature and
often found in soil, vegetables, respiratory and digestive
system of the human. Rhizopus species (approximately

ADDRESS FOR CORRESPONDENCE:

44%) and Mucor species (approximately 15%) are most
commonly seen in the mucormycosis [1]. The critical ill
COVID-19 patients those were admitted to the intensive
care unit (ICU) and required mechanical ventilation or
had prolonged duration hospital stays and those are tak-
ing systemic steroid for prolonged period are likely to
get co-fungal infections such as mucormycosis, called
COVID-19 associated mucormycosis (CAM) [2, 3].
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The histopathological study, direct, microscopy and cul-
ture from the clinical samples are the important diagnos-
tic modalities for the CAM [4]. The CAM in children is
less frequently documented in the literature. The objective
of this study is to analyse the detail of clinical profile and
management of the CAM in children.

MATERIAL AND METHODS

PATIENTS

This is a prospective study conducted in 12 children
of either sex in the age group of 3 to 16 years suffering
from CAM during March 2020 to April 2021. Our In-
stitutional Ethics Committee (IEC) approved this study
with the reference number IEC/IMS/SOA/13/06.03.2020.
COVID-19 paediatric patients infected with mucormy-
cosis during treatment period at COVID hospital or after
discharge from the COVID hospital were included in this
study. All of them reverse transcription polymerase (RT-
PCR) positive for viral RNA and diagnosed COVID-19
at the time of hospitalization. The COVID-19 paediatric
patients without mucormycosis or Non-COVID-19 pae-
diatric patients with mucormycosis were excluded from
this study. Patients of CAM older than 18 years of age
were excluded in this study.

METHODS

For each registered child, the detail clinical record in-
cluded demographic data, predisposing factors, clinical
presentations, investigations, treatment and treatment
outcome. The clinical presentations, diagnosis, treatment
and outcome of the CAM among children were studied.

DIAGNOSIS OF MUCORMYCOSIS

All the enrolled paediatric patients underwent diag-
nostic nasal endoscopy for assessing the bilateral nasal
cavity and nasopharynx. Direct microscopic examina-
tion with 10% potassium hydroxide (KOH) was utilised
for confirming the broad aseptate hyphae. Culture was
done in Sabouraud dextrose agar, Sabouraud dextrose
with chloramphenicol agar and yeast extract agar. Biop-
sy was done in all cases and the histopathological study
included haematoxylin and eosin, periodic acid-Schift
and Grocott-Gomori’s methenamine silver (GMS) stain-
ing. Computed tomography (CT) scan of the nose and
paranasal sinus and magnetic resonance imaging (MRI)
done to find out the extent of the diseases into orbit and
brain. During nasal endoscopy, the tissue from the na-
sal cavity sent for microscopy, culture and histopatho-
logical examination showing broad non-septate hyphae
with 90° branching (Figure 1). Ophthalmological and
neurological consultations were done in all cases to find
loss of vision or not and neurological involvement. There

were 12 COVID-19 paediatric patients with mucormyco-
sis enrolled in this study. Out of 12 patients, 7 was already
discharged from COVID hospital attached to our Medical
college and rest 5 were diagnosed during the treatment
at COVID hospital. Biopsy was taken from all the cases,
which showed the picture of mucormycosis with some
foci of non-septate fungal hyphae with right-angled hy-
phae branches. All paediatric patients underwent endo-
scopic debridement of the mucormycosis along with ex-
enteration of the orbit in two cases, followed by parenteral
infusion amphotericin B (1-1.5 mg/kg/day) and total dose
of2.5-3 gm.

STATISTICAL METHODS

SPSS Statistics for Windows, version 20, was used for
all statistical analyses (IBM-SPSS Inc., Chicago, IL, USA).

RESULTS

There were 12 paediatric patients of CAM were en-
rolled in this study with age range from 3 to 16 years.
Out of 12 paediatric patients of mucormycosis, there
were 8 boys (66.66%) and 4 girls (33.33%) with male to
female ratio of 2:1. Out of the 12 patients, 3 (25%) were
diabetic. All the 3 diabetic mellitus patients were under
treatment with oral hypoglycaemic agents/insulins reg-
ularly, but their blood sugar was poorly controlled. Two
children (16.66%) were diagnosed with acute leukaemia,
three patients (25%) were taking high dose of steroids
and one (8.33%) had taken tocilizumab during the treat-
ment of the COVID-19 infection. Out of the 12 patients,
6 (50%) were diagnosed with sinonasal mucormycosis,
4 (33.33%) had rhino-orbital mucormycosis, 1 (8.33%)
had oronasal (nasal and palatal involvement) type
of the mucormycosis and 1(8.33%) had rhino-orbital-ce-
rebral mucormycosis (Table 1). The children presented
with foul smell nasal discharge, nasal block, headache,
eye pain, proptosis, facial swelling and blurring of vision
or loss of vision. All the 12 paediatric patients presented
with foul smelling nasal discharge and nasal block. Out
of the 12 patients, 7 (58.33%) of them were presenting
with facial pain but 6 (50%) were presenting with facial
swelling (Figure 2). Three (25%) children were present-
ing with headache, two (16.66%) had proptosis, one
(8.33%) had nasal septal perforation and one (8.33%)
had altered sensorium. Before the surgical debridement,
the nasal swab sent for KOH mount where all patients
showed aseptate hyphae. Culture of the nasal discharge
showed Rhizopus oryzae in nine patients and the rest
showed no growth. All patients underwent endoscop-
ic surgical debridement under general anaesthesia. All
the patients were also administered intravenous infu-
sion of amphotericin B. In this study, out of two patients
(16.66%) of death, one was due to cerebral involvement
and another case died because of the respiratory failure by
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TABLE 1. Clinical profile of the COVID-19 associated mucormycosis pediatric patients

Patient’s Sex

serial

Age
(years)

Affected part

Clinical presentations

Co-morbid
diseases

Treatment

Outcome

1 3 M Sinonasal Facial swelling, facial pain, | Acute lymphoblastic | Endoscopic surgical Cured
nasal discharge,nasal block leukemia debridement plus
amphotericin B
2 5 F Naso-orbital | Facial pain, nasal block, nasal Prolonged use Endoscopic surgical Cured
discharge, facial swelling, | of steroidsin COVID | debridement plus
nasal septal perforation hospital amphotericin B
3 7 M Sinonasal Facial pain, nasal block, nasal | Acute lymphoblastic | Endoscopic surgical Cured
discharge leukemia debridement plus
amphotericin B
4 10 M Oronasal Facial pain, palatal black Uncontrolled Endoscopic surgical Cured
eschar, nasal discharge, nasal diabetes debridement plus
block amphotericin B
5 1 F Sinonasal Facial pain, nasal discharge, Non-Hodgkin’s Endoscopic surgical | Death due to
nasal block lymphoma debridement plus | respiratory
amphotericin B failure
6 12 F | Naso-orbital- Facial swelling, headache, Prolonged use Endoscopic surgical | Death due to
cerebral altered sensorium, proptosis, | of steroidsin COVID | debridementplus | rapid spread
nasal discharge, nasal block hospital amphotericin B to brain
7 12 M Naso-orbital | Headache, orbital pain, nasal Uncontrolled Endoscopic surgical Cured
discharge, nasal block diabetes debridement plus
amphotericin B
8 14 M Sinonasal Facial swelling, facial pain, Non-Hodgkin’s Endoscopic surgical Cured
nasal discharge, nasal block lymphoma debridement plus
amphotericin B
9 15 M Naso-orbital Facial swelling, facial pain, | Treated with tocili- | Endoscopic surgical Cured
proptosis, nasal discharge, zumab debridement plus
nasal block amphotericin B
10 15 M Sinonasal Facial swelling, numbness | Uncontrolled diabe- | Endoscopic surgical Cured
over face, nasal discharge, tes mellitus debridement plus
nasal block amphotericin B
1 16 M Sinonasal Headache, Numbness over Use of systemic | Endoscopic surgical Cured
face, nasal discharge,nasal steroids debridement plus
block amphotericin B
12 16 F Naso-orbital Headache, nasal discharge, No co-morbidity | Endoscopic surgical Cured
nasal block debridement plus
amphotericin B

pneumonia during treatment at COVID hospital. Patient
follow-up was done after 6 months’ interval after surgery.

DISCUSSION

The current COVID-19 pandemic originated in
Wuhan, China, in December 2019 and became global
pandemic because of its rapid spread [5]. The spectrum
of clinical presentations of symptomatic COVID-19 pa-
tient ranges from mild to critical [6]. COVID-19 patients
usually show higher levels of inflammatory cytokines
(interleukin (IL)-2R, IL-6, IL-10 and tumour necrosis
factor-alpha), impaired cell-mediated immune response,
affect both CD4+ T and CD8+ T cells [7, 8]. COVID-19
patients often treated with steroids and immunomodula-
tors which impair the immune system of the patient. So,

COVID-19 patients have susceptibility towards fungal
co-infections such as mucormycosis [9]. Mucormycosis
is a rare, fatal, angio-invasive and opportunistic fungal
infection among children which can affect any organ
of the body [10]. In the head and neck region, rhino-or-
bital-cerebral infection is common type of the mucor-
mycosis infections [11]. The mucormycosis infection
accounts for approximately 10% of all mycotic infec-
tions [12]. 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 [13]. In one study, the incidence
of mucormycosis among children with acute lymphoblas-
tic leukemia (ALL) was 2.2% [14]. Acute lymphoblastic
leukemia and increasing age were two important risk
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factors for developing mucormycosis [14]. In our study,
16.66% of the children were diagnosed with acute lym-
phoblastic leukemia. Other risk factors are hematopoietic
stem cell transplants or solid organ transplant recipient.
Solid organ cancer (without transplant) is not usually
associated with mucormycosis [15]. Diabetes mellitus
is also another important risk factor with 9% to 36%
of the cases of mucormycosis found in diabetes [16]. In
our study, 25% cases were diabetic. Injudicious use of ste-
roids 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 in-
fection [5]. In this study, 25% of the children were taking
systemic steroid for longer period. In some children, no
specific underlying risk factors are associated with mu-
cormycosis [17]. In our study, one (8.33%) patient had
taken tocilizumab during the treatment of the COVID-19
infection. Tocilizumab is an immunomodulator which
impair the immunity of the patient. In our study, one
case (8.33%) had no risk factors for causing mucormy-
cosis. Iron overload, deferoxamine therapy, intravenous
drug use, kidney diseases are less common in children
but remain well recognized risk factors for causing mu-
cormycosis in children [18]. Burns and traumatic ulcers/
wounds may be associated with cutaneous mucormyco-
sis [18].

The diagnosis of the CAM may be hampered by their
non-specific symptoms and signs such as bloody nasal
discharge, facial swelling, facial pain, conjunctival suf-
fusion, blurry vision which may mimic to common in-
fectious etiologies [19]. The important point behind
successful management is early identification, elimina-
tion of the predisposing factors, aggressive surgical de-
bridement and infusion of systemic antifungal agents.
Diagnosis may be delayed because of its non-specific
clinical manifestation. Timely diagnosis is the key behind
the prompt treatment of the CAM in children. Clinical
suspicion and early diagnosis with prompt treatment
are key steps for preventing the morbidity and mortality
of this dreaded clinical condition like rhino-orbital-cere-
bral mucormycosis [20]. Proper history taking, physical
examination and imaging are key component for diagno-
sis of the suspected mucormycosis. In CAM, computed
tomography (CT) scan will often reveal the bone destruc-
tion. Brain magnetic resonance imaging (MRI) is helpful
to rule out any intracranial or orbital involvement [21].
MRI of the brain may show multiple areas of infarction
and ischemia indicating invasive fungal disease. In case
of unstable hemodynamic and poor respiratory status
with inability to keep the patient in supine position with-
out oxygen desaturation made unfeasibility for perform-
ing MRI. Bedside diagnostic nasal endoscopy can be done
in a timely manner and histopathological processing in
case of active COVID-19 infection are useful for starting

FIGURE 1. Histopathology microphotograph showing broad non-
septate hyphae with 90" branching (eosin stain and 400 magni-
fication)

FIGURE 2. A 12-year-old girl of CAM presenting right side facial and
orbital swelling

the treatment for rhino-orbital mucormycosis. Mucor is
usually demonstrated via a nasal biopsy and subsequent
culture. Tissue is sent for histopathological examination
and KOH mount which confirm the mucormycosis [22].
Fresh tissue examination with KOH/Calcofluor-white
is helpful to establish a rapid diagnosis. Frozen section
is shortening the time of the diagnosis and improving
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the outcome this dreaded infection. Direct microscopy,
histopathology and culture from the clinical samples
are the major diagnostic modalities for the mucormyco-
sis [23].

Mucormycosis requires an urgent intervention, be-
cause of rapid progression and destructive nature of this
infection [24]. Delayed initiation of treatment results in
higher chance of mortality. Aggressive surgical debride-
ment of the necrotic tissue till getting healthy bleeding
tissue is useful for better drug penetration to the affect-
ed sites. Histopathological examination post-operatively
are advised to ensure complete clearance of the lesion.
The standard medical treatment for CAM is amphotericin
B in a dose of 1-1.5 mg/kg/day for weeks to months on
the basis of the clinical response [25]. However, the ex-
act duration of the treatment is not well established [26].
The less toxic type of amphotericin B is liposomal form,
colloidal dispensable form and lipid complex are admin-
istrated in greater dose (3-5 mg/kg/day with little side
effects. Topical use of amphotericin B is also useful but
it has limited availability and high cost. Posaconazole is
an important alternative antifungal drug but is its use has
not been established in pediatric age group [25]. In few
selected patients of mucormycosis, hyperbaric oxygen is
helpful [26]. In this study, a combined endoscopic sur-
gical debridement and medical treatment with ampho-
tericin B was the mainstay of the treatment. Antifungal
treatment is usually insufficient to cure mucormycosis as
angioinvasion and thrombosis of the vessels in mucormy-
cosis prevent optimal penetration of the antifungal agents
to the site of infection. Surgical debridement of the infect-
ed necrotic tissue is usually required along with systemic
antifungal agents [27].

Despite intensive use of broad-spectrum antifungal and
adequate surgical debridement, the mortality rate of these
patients is more than 40% since many decades [28].
The mortality rate in the pediatric patients of CAM is high,
particularly in immunocompromised children. The high
mortality in pediatric patients with CAM is associated
with untreated cases, disseminated infection at age less
than one year [29]. A study showed six cases of invasive
mucormycosis during treatment of malignancies where
all received liposomal amphotericin B and four received
surgical excision along with antifungal treatment and two
of them died where 1 (17%) was due to mucormycosis [30].
The outcome of invasive mucormycosis in non-transplant
children resulted in approximately 90% success rate [31].
The use of liposomal amphotericin B contributed to pos-
itive outcome and survival in invasive mucormycosis.
Invasive opportunistic fungal diseases are very import-
ant causes for morbidity and mortality in children with
cancer and those with allogenic haemopoietic stem cell
transplantation [32]. Apart from different underlying co-
morbidities in adult age group, invasive fungal diseases
like mucormycosis in infants, children and adolescents
are unique with respect to epidemiology, diagnostic tech-

niques, pharmacology and dosing antifungal medications
absence of phase 3 clinical trials for evidence based de-
cisions [32].

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 opti-
mum sterility [11]. High index of clinical suspicion, early
diagnosis and prompt treatment can improve the survival
of the children. Sometimes the diagnosis is delayed by
the clinicians those are not much familiar to this disease
COVID-19 children with mucormycosis.

CONCLUSIONS

Mucormycosis is a fatal fungal infection resulting
in vascular invasion by the hyphae leading to throm-
bosis and necrosis of the host tissue. Paediatric patients
of haematological malignancies, diabetes mellitus or
taking systemic steroids or under any immunosuppres-
sive medication with COVID-19 infection are at higher
susceptibility to mucormycosis. In COVID-19 children,
the severity of the mucormycosis is due its rapid pro-
gression and angio-invasive nature. Paediatrician or
paediatric otorhinolaryngologists should act promptly
to identify the mucormycosis particularly in immuno-
compromised children. The widely accepted treatment
for mucormycosis is amphotericin B along with surgical
debridement. The rising of mucormycosis or black fun-
gus in COVID-19 paediatric patients can be managed
effectively if identified early with adequate treatment
with amphotericin B, surgical debridement and con-
trolling of the associated risk factors.

STUDY LIMITATION

This study has a relatively small sample size and may
limit the outcome of the above interpretation. Howev-
er, the outcome of this study will definitely encourage
the future research work in this fatal clinical entity called
COVID-19 associated mucormycosis.
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