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Abstract

Together with the ongoing serious COVID-19 second wave in India, a serious fungal infection, mucormycosis has been increasingly found in
COVID-19-recovered patients. Colloquially known as ‘black fungus’, mucormycosis commonly causes necrosis in the head and neck including
the nose, paranasal sinuses, orbits, and facial bones, with possible intracranial spread. The disease causes high morbidity and mortality given
that it progresses rapidly and diagnosis is often delayed. Given the sheer magnitude of the outbreak, the Indian Health Ministry has advised
all states to declare mucormycosis an epidemic. Typically, the disease has been found to be linked to COVID-19 infections caused by the
B.1.617.2 (Delta) variant, which has spread rapidly throughout the country. This variant has already become a cause for global concern,
having spread to at least 40 countries, including the USA and UK. We present the findings of a study conducted on COVID-19 associated
mucormycosis (CAM) patients, and discuss the associated risk factors to raise awareness for OMFS colleagues.

© 2021 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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Introduction

While India has not been able actively to control and limit the
second wave of COVID-19,! the number of new cases is now
in decline.” Despite this, emerging complications associated
with COVID-19 are being reported, with the fungal infection
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mucormycosis becoming a serious issue in India due to its
unprecedented surge and high morbidity.>*

Mucormycosis, colloquially known as ‘black fungus’ in
India, is a fungal infection caused by the mucormycetes fam-
ily of moulds, which are widespread decomposers of organic
matter found in soil and dust. Mucormycetes is a fungus with
at least 20 pathogenic species divided into 12 genera. Rhi-
zopus is the genus that has been linked to most cases of
mucormycosis in the literature.’

Mucormycosis occurs relatively commonly in patients
with certain predisposing medical conditions such as
immunosuppression and diabetic ketoacidosis.® It infiltrates
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the vascular lamina, causing infarction and necrosis as well
as inflammation.” Progressive tissue necrosis can occur at
different anatomical sites depending on how the fungal
exposure has taken place, and can be through inhalation,
ingestion, direct contact, or traumatic innoculation.® It affects
the head and neck, respiratory and central nervous sys-
tems, the gastrointestinal tract, and other areas. Rhinocerebral
mucormycosis affects the head and neck, with the most com-
mon site being the nose, but the disease can spread to the
paranasal sinuses, orbit, facial bones, and cranial cavity.8
Loose teeth, gingival abscess, and dental extraction are often
the first symptoms that present to OMFS. Mucormycosis in
the bone marrow may promote fungal growth by damaging
the endothelial lining of vessels, resulting in vascular insuffi-
ciency and leading to bony necrosis and fungal osteomyelitis.
This complication is more aggressive than the more common
bacteria-associated osteomyelitis.

The angioinvasive nature of mucormycosis, characterised
by thrombosing vasculitis, and its role in host invasion have
been attributed to increased expression of platelet-derived
growth factor (PDGFRB) signalling.” Fatality rates for severe
infections can be close to 100% despite various active
treatments.® When mucormycosis is suspected, adequate
imaging to document the extent of the disease is strongly
advised, followed by surgical debridement. The use of high-
dose liposomal amphotericin B as a first-line treatment is
strongly suggested, whereas intravenous isavuconazole and
intravenous or delayed-release-tablet posaconazole have also
been advocated. '’

Following a sharp rise in the number COVID-19 patients
infected with mucormycosis, the Indian Health Ministry
has advised all States to declare mucormycosis itself an
epidemic.’

Social media and press releases contain anecdotal and
speculative reports about its cause. Various risk factors,
such as the long-term use of steroids, antibiotic multivita-
mins, and zinc, have been linked to its incidence.!! Further,
mucosal erosion secondary to the aggressive use of steam
inhalation or the use of high-flow oxygen have also been
considered as factors promoting fungus colonisation.'' Con-
tamination from the use of industrial oxygen, low-quality
oxygen cylinders, low-quality oxygen piping systems, and
ordinary tap water in ventilators, are also being cited as
causative factors.! !> Additionally, COVID-19 is known to
cause hyperglycaemia in some patients, which could predis-
pose to fungal infection.”

To further explore the risk factors, we studied the available
dataon COVID-19 associated mucormycosis (CAM) patients
from the Bengaluru and Kalaburagi (Gulbarga) regions of
India.

Methods

We obtained data from COVID-19 associated mucormyco-
sis patients in India’s Bengaluru and Kalaburagi districts.

Patients whose disease had not been established histopatho-
logically were excluded from the study. We collected
information such as age, gender, diabetes mellitus sta-
tus, hypertension, existing immunocompromised conditions,
time duration for reporting of diseases after COVID-19 treat-
ment, vaccination history, use of oxygen and/or ventilator
support, and steroid, multivitamin, and zinc medications. The
data were tabulated and examined for the presence of any risk
factors.

Results

Twenty-eight patients presented to OMFS, with a mean (SD)
age of 49.1 (10.8) years. Twenty patients (71%) were aged
between 41 and 60 years. Most were male (n = 22) and the
major comorbidities were diabetes mellitus (n = 27, 96%)
followed by hypertension (n = 8). Uncontrolled diabetes was
found in 19 patients (68%). Only 13 (46%) had had steroid
therapy, with four (14%) of these having been given steroids
for more than 10 days. Oxygen was used in 17 patients (61%),
but only one required ventilator support.

The interval between COVID-19 recovery and the first
reporting of patients with mucormycosis was more than 15
days in 10 patients (36%), followed by 10 - 14 days in eight.

Only two patients had received COVID-19 vaccina-
tions, half of those (n = 14) in our series presented with
both mucormycosis pansinusitis and maxillary osteomyeli-
tis (Figs. 1 and 2), while another six (21%) presented with
maxillary osteomyelitis that required functional endoscopic
sinus surgery (FESS) for necrotic tissue debridement.

Discussion

We have found that middle-aged COVID-19 patients who
were treated with steroids for diabetes mellitus were prone
to mucormycosis. The COVID-19 outbreak emphasises the
need to understand the complex pathophysiology of diabetes
and other diseases. Pathological changes in the pancreas were
observed in patients with severe COVID-19, indicating that
SARS-CoV-2 can cause pancreatic injury,'* and this could be
one of the reasons why COVID-19 patients with no history
of diabetes have high blood glucose levels.'>'*

The most common cause of drug-induced hyperglycaemia
is steroids,'” which aggravate hyperglycaemia in patients
with known diabetes mellitus (DM). Diabetes-related hyper-
glycaemia is thought to cause immune response dysfunction,
resulting in an inability to control the spread of invading
pathogens.'©

Diabetes mellitus, when combined with the SARS-CoV-2
virus and steroid therapy, appears to cause a vicious cycle of
hyperglycaemia and immunosuppression, which can lead to
severe fungal colonisation such as mucormycosis.

Typically, the disease is seen during the COVID-19
recovery period, suggesting that multiple factors facilitate



V.U.S. Rao et al. / British Journal of Oral and Maxillofacial Surgery 59 (2021) 1095-1098 1097

Q version _

11:06:25.44
602 IMA 10
Manip, VRT

Fig. 2. Osteomyelitis of maxilla secondary to COVID-19 associated
mucormycosis.

fungal colonisation. In most of the cases in our series, the
time interval between COVID-19 and initial diagnosis of
mucormycosis was 10 -15 days. Patients may have over-
looked the symptoms of mucormycosis (especially pain),
confusing it with the residual COVID-19 symptoms, and
therefore presented late to the hospital. Furthermore, we
observed that dental symptoms (Fig. 3) were not addressed
at initial hospital visits, and priority was given to nasal or
sinus symptoms with magnetic resonance imaging (MRI)
only. Patients eventually presented with advanced maxillary

Fig. 3. Osteomyelitis of maxilla secondary to COVID-19 associted
mucormycosis presenting as periodontal abscesses with oedematous gin-
givae.

disease at a later follow-up stage (1-3 weeks). It is impor-
tant to evaluate maxillary bone involvement on computed
tomography (CT) at an early stage in an attempt to limit tis-
sue necrosis. If both nasal and maxillary disease is found
jointly, it is easier to operate on the maxilla first (Fig. 4),
which provides better and additional endoscopic access for
the clearance of nasal disease through the maxillary sinus.

Since only two patients in our series had been vaccinated,
it confirms the vital role of the COVID-19 vaccine in reduc-
ing serious complications and comorbidities of the virus,
including mucormycosis infections.
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Fig. 4. Improved access for endoscopic intervention through maxillary sinus
after debridement of necrotic maxillary bone.

Conclusion

The second wave of COVID-19 in India has led to more
deaths than the first,'” and in just a few weeks the B.1.617.2
(Delta) variant became the dominant strain. It has since spread
to about 40 nations, which include the United Kingdom,
Fiji, and Singapore.'® The first case of Covid-19 related
mucormycosis has now been found in Chile.'? It is impor-
tant to recognise this infection at an early stage to potentially
reduce soft and hard tissue necrosis and severe complications,
and alert colleagues of this mutilating and life-threatening
infection.
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