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Abstract To assess the risk factors causative of ROCM
post COVID-19. To determine the clinical manifestations,
causative factors leading to surge in ROCM & factors
contributing to poor prognosis in ROCM cases occurring in
Western Rajasthan post COVID-19. In a Retrospective
observational study, 56 post COVID-19 ROCM patients
were analyzed from ‘May—June 2021’ at M.D.M. Hospital,
Jodhpur. All patients after onset of disease were assessed as
per selection criteria, included patients were examined for
risk factors and clinical manifestations & then were sta-
tistically evaluated. Median age was 53 years with male to
female ratio 2.7:1. Uncontrolled diabetes was noted in at
least 85% patients. Steroid use was seen in 66%. Other
major contributing factor to ROCM was the occupation;
Out of 56 patients 69% were FARMERS.72% had no
history of COVID-19 vaccination. Only 3% had no
underlying disease. Overall mortality rate was 16% .2
determinants were associated with poor prognosis: higher
HbA1c-Out of 7 cases of orbital exenteration, 6 (85%) had
HbAlc > 12. 36% took immoderate amounts of Steam
inhalation. Maxillary sinuses were the most involved sites
(94%). Orbital involvement was seen in 33 and 12% were
PL negative. Palatal involvement & intracranial involve-
ment were seen in 14% and 7% respectively. Bilateral
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disease was seen in 28%. Uncontrolled DM & Humid
working conditions came out to be the main predisposing
factors for ROCM. Facial pain is considered to be the most
common presenting complain. Maxillary sinus is the most
involved site.
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Abbreviations

ROCM  Rhino-orbital cerebral mucormycosis
DM Diabetes Mellitus

MPS Methylprednisolone

Introduction

Coronavirus disease 2019 (COVID-19) is an infection
caused by SARS CoV-2.0Otorhinolaryngology has been a
crucial part of this pandemic since starting, from
nasopharyngeal swab sampling to anosmia becoming a
typical symptom marker of COVID-19.In the recent times,
we have come across yet another association between
E.N.T. & COVID-19 which is mucormycosis.
Mucormycosis is an acute, angioinvasive, and rapidly
progressing disease caused by opportunistic fungal infec-
tion of the class Phycomycetes (order Mucorales) usually
by Mucor or Rhizopus. The pathogen is ubiquitous, oc-
curring naturally in the environment, the body surface, and
orifices. Often in association with certain underlying
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diseases, that renders the body immunocompromised, the
organism becomes invasive.

The ROCM type is the most common form of
mucormycosis in India, followed by the pulmonary and
cutaneous types whereas, the pulmonary form is the most
common clinical presentation in developed countries [1].

The overall numbers of ROCM cases increased from 25
cases per year (1990-2007) to 89 cases per year
(2013-2015) [2]. Another study from Tamil Nadu reported
9.5 cases per year during 2015-2019 [3]. Though it rep-
resents 8.3-13% of all fungal infections identified in
autopsy, it still remained a rare infection but the pre-
sent COVID-19 pandemic has witnessed a resurgence of
cases of ROCM.

The first point that springs to one’s mind when
observing multiple patients of the same disease is the
common factors that somehow link all the cases. The lit-
erature on causative factors of ROCM goes back to 1960’s
when Eugene et al. suggested diabetic ketoacidosis to be
the most common underlying condition of ROCM.

Hariprasath et al. in his study showed that Uncontrolled
diabetes mellitus is the most common underlying disease
associated with mucormycosis in India, in contrast to
haematological-malignancy patients and solid organ
transplant recipients in developed countries [1].

And to move on from risk factors to the clinical features,
the common complaints that these patients present with are
facial pain, dental pain and discharging sinuses involving

Fig. 1 Patient showing discharging sinus over upper alveolus
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the alveolus (Fig. 1), paraesthesia and swelling in malar
region (Fig. 2), nasal discharge, periorbital swelling
(Fig. 3) and headache.

And thus, the centre of our study is to find out the
probable risk factors leading to ROCM, their presenting
clinical and radiological manifestations in cases occurring
in Western Rajasthan to enrich the literature that focuses on
early detection of the disease and henceforth better
prognosis.

Methods

This study was carried out at M.D.M Hospital to Dr. S.N.
Medical College, Jodhpur, Rajasthan, India where all the
cases of ROCM were managed; it included 56 ROCM
positive patients admitted in the E.N.T. department in the
month of May—June 2021. All the patients enrolled in the
study were tested positive for ROCM by KOH mount of
nasal biopsy or gingival biopsy or palatal scrapings.

Study design: Observational retrospective study.

Study location: Department of Oto-rhinolaryngology,
M.D.M. Hospital, Dr. S.N. Medical College, Jodhpur,
Rajasthan, India.

Fig. 2 Patient showing facial & infraorbital swelling left side malar
region
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Fig. 3 Patient showing eye involvement

Inclusion Criteria

Patients who tested positive for mucormycosis by KOH
mount of the nasal biopsy or gingival biopsy or palatal
scrapings.

Exclusion Criteria

1. Patients tested positive for aspergillosis in KOH
mount.

2. Patients who gave negative consent for admission &
further management.

Methodology

Data was collected by taking detailed history of patients
regarding age, gender, occupation, presenting features and
their duration, diabetic status, any other medical condition,
history of covid-19 and associated management.

Results

The study included 56 patients of age 23-80 years. Out of
these 15 were females patients and 41 were males.

In our study, out of 56 patients 39 patients were farmers
(69%).

We also observed that most common underlying con-
dition in patients developing ROCM was uncontrolled
diabetes. 48 out of 56 patients (85%) were diabetic and 39
of them were recently diagnosed. The mean HbAlc level
was 8.5% with a range of 6.8-14.5%.

Thirty seven patients in total had taken steroid treatment
during covid-19 management. Out of these, 29 patients
were given steroids by parenteral route and 8 of them were
prescribed oral formulations.

Only 16 out of 56(28%) had history of covid-19 vacci-
nation. Out of these, only 2 patients got themselves vac-
cinated completely.

Twenty nine of them had other associated co-morbidi-
ties, bilateral pneumonitis (63%) and hypertension (27%)
being most common.

Only three patients
conditions.

Out of 56 patients, 9 patients (16%) died within 15 days
of surgical management and all of them were on O2 sup-
port pre operatively and were sent for ICU care post
operatively.

Disease extension and hence the prognosis could be
related to a few entities, HBalc was > 12% in 6 out of 7
patients who had to undergo orbital exenteration. Around
36% patients with extensive disease took immoderate
amounts of steam inhalation that hampers the mucociliary
activity of nose (Table 1).

had no associated medical

Table 1 Probable predisposing factors for mucormycosis

S. no Risk factors Number of patients involved
1 Diabetes mellitus 48

2 Farming occupation 39

3 Steroid intake 37

4 Non vaccinated for covid-19 40

5 B/L Pneumonitis 18

6 Hypertension 8

7 Steam inhalation 7
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CLINICAL MANIFESTATIONS

Presenting Clinical features of these patients are sum-
marized in the following pie chart.

Facial pain and swelling in malar region (26 patients)
has been the most common presentation. Among thel9
patients with ophthalmic involvement, chemosis and
diminution of vision was the most frequent complaint
(89%) followed by proptosis and periorbital swelling
(76%), 7 of them were PL negative.18 patients experienced
headache. 10 patients had onset of disease with dental pain.
Seven of them had complains of bloody/blackish nasal
discharge. Eight patients had shown maxilla involvement
either in form of a discharging sinus or blackening of palate
or loose tooth. Intracranial involvement was seen in four
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M PERCEPTION OF LIGHT NEGATIVE
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M PALATAL INVOLVEMENT
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patients, along with the radiological evidence, one of them
presented with hemiplegia and one with facial nerve palsy.

On radiological evaluation, maxillary sinuses were
involved in 94% patients which is the most common site
followed by ethmoids (79%) and frontal (67%) and sphe-
noid (62%). Some of the cases presented with minimal
disease and isolated maxillary sinus involvement was noted
in 10%. Bilateral disease seen in 28%. Though maxillary
sinuses were most frequently involved but bilaterality was
more common in sphenoid sinuses (22%) followed by
maxillary sinuses (19%). Intracranial involvement was
seen in a total of four patients.

e RADIOLOGICAL PRESENTATION OF ROCM
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Discussion

A composite interaction of various factors including pre-
existing underlying medical conditions, largely diabetes
mellitus type 2, previous respiratory compromise, use of
immunosuppressive therapy, effect of covid-19 infection
on the immunity has been implicated in the sudden increase
in mucormycosis cases.

Our study shows that 85% of our patients had DM. Out
of these majority (39) patients were recently diagnosed
(either in our dept. or when admitted for covid-19 man-
agement). We took the liberty to describe our criteria ‘re-
cent’ as within 2 months. This explains the uncontrolled
blood sugar levels in them as these patients were unaware
of their diabetic condition and few even developed
ketoacidosis. Presence of diabetic ketoacidosis increases
predisposition to mucormycosis. Acidosis disrupts iron
binding of transferrin that leads to increased proportion of
unbound iron, which may promote growth of the fungus.

Likewise, various other studies also conclude that DM is
the most common predisposing factor aiding the occur-
rence of mucormycosis. In a study of 11 cases by Jiang
et al. 9 out of 11 patients of mucormycosis had associated
DM type2.Swati et al. concluded that the major risk factors
for mucormycosis in the times of covid-19 included
uncontrolled diabetes (96.7%).According to a study by
Chakrabarti et al. 53% patients had associated DM. Patel
et al. described 55% of his patients had DM. Prakash et al.
in his study pointed out 56% association with DM.
According to Singh et al. 92% patients of mucormycosis
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had DM. And Patel et al. suggested this association to be
72% [3-9].

In our study the association between steroid intake and
mucormycosis came out to be present in 66% patients.
Parenterally, steroids were given in the form of Dexam-
ethasone and Methylprednisolone whereas orally it was
given in the form of Methylprednisolone. Those who were
given injection MPS, average dose was 80 mg for 8 days.
Current guidelines in India recommend intravenous
methylprednisolone 0.5-1 mg/kg/day for three days
in moderate cases and 1-2 mg/kg/day in severe cases [10].
The guidelines specifically mention the risk of developing
a secondary infection [11].

Many studies show association between steroid use and
mucormycosis including Swati et al. which concludes that
the major risk factors for mucormycosis in the times of
covid-19 included concomitant steroid use in 61.2%
patients, Jeong et al. described 33% association, Chakra-
barti et al. says it to be associated in 8%. Patel et al. in
concluded this association to be 22% in 2017 and 3.7% in
2020, Prakash et al. reported 9.9% association, Singh et al.
concluded 8% association.

There are few entities that came out to be showing
positive correlation with mucormycosis in our study which
have not been discussed much in other studies. One of them
is the occupation of the patients, though a diverseness was
seen but still when noted, majority of the patients were
farmers (69%). This can be attributed to the fact that in an
otherwise dry state of Western Rajasthan, this profession
provides quiet humid working conditions.
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A study conducted by El-Herte also ascribed fungal
growth to the humidity. It says mucormycosis has a posi-
tive correlation with humidity [12].

COVID-19 has definitely been an accelerating factor for
the surge of mucormycosis cases and though more detailed
research work is needed to clam this but still our study
describes a negative correlation between covid-19 vacci-
nation and mucormycosis. Only 26 out of 56 patients got
themselves vaccinated against covid-19, out of which only
2 patients give history of complete vaccination. Swati et al.
in their study showed that 62% of their patients were covid-
19 positive. In our study while almost all the patients
experienced covid-19 symptoms, only 73% give history of
being COVID-19 positive as many of them didn’t get
themselves tested, and around 32% had b/l pneumonitis.

Apart from pre-op O2 dependency which would be due
to the functional compromise of the lungs & poor blood
sugar control, another factor that according to our study
contributed to poor prognosis was excessive steam
inhalation, this can be attributed to its adverse effect on the
mucociliary activity of nose and nasopharynx.

Patel et al. 2020
Singh et al.
Prakash et al.

Patel et al. 2017

Chakrabarti et al.

W. Jeong et al.

Swati et al.

as we talk about the presenting features, it is the clinical
manifestations that the patients presented with to us in our
department that has been mentioned in our study and used for
statistical evaluation. Later on, in a lapse of 1-2 days, many
patients’ clinical picture got complicated and overlapped.

Patients with both ophthalmoplegia and PL negative eye
were considered for orbital exenteration as ophthalmople-
gia suggests infiltration of extraocular muscles.

Radiological investigations are important not to diag-
nose but to see the extent of the disease. CEMRI
brain + orbit + pns is the investigation of choice. Para-
nasal sinuses were seen involved in all the patients with
maxillary sinusitis being present in 94% cases followed by
ethmoid sinus involvement in 79%. Bhansali et al. also
suggest 100% PNS involvement whereas Ferry et al. and
Yohai et al. suggested 69% and 79% involvement respec-
tively [14, 15].

Since most patients had no maxilla/palate involvement
and no orbital complications, majority of patients were
treated with endoscopic endonasal debridement alone. This
can be credited to the fact that the patients were treated

CovID-19
W STEROID USE
m DIABETES MELLITUS

0.00% 20.00% 40.00%

60.00%

80.00% 100.00%  120.00%

Facial swelling and orbital involvement was noted in 46
and 33% patients respectively by us, as compared to 46 and
89% respectively in a study done by Bhansali et al. Tooth-
ache and nasal discharge was noted in only 17 and 12% in our
study whereas, Bhansali et al. showed this association to be
24 and 74%. Headache and palatal involvement was seen in
18 and 14% of our patients; according to Bhansali et al. it is
20 and 29% respectively. Among the ophthalmic manifes-
tations, chemosis and diminution of vision were most com-
mon (89%) followed by proptosis and periorbital swelling
while Bhansali et al. suggest ophthalmoplegia (89%) to be
the leading clinical presentation followed by proptosis, loss
of vision (80%) and then chemosis (74%) [13]. In our study,

promptly long before the disease progression could occur.
Also radical surgical procedures were attempted only when
MRI or KOH mount advocated that eye or maxilla are
involved and needs to be respected for complete clearance
of disease.

Conclusion
In our study, it is seen that humid working conditions
contributed to sudden rise of ROCM cases as majority of

these were farmers and correlation between humidity &
fungal growth is a well known and established fact. DM
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type 2 was the most consistent risk factor. Among all these
patients, majority had recently diagnosed diabetes which
explains the uncontrolled blood sugar levels. This might
have lead to acidosis in these patients acidosis disrupts iron
binding property of transferrin that leads to increased
proportion of unbound iron, which may promote growth of
the fungus. These patients had acquired DM type 2 mostly
during the COVID-19 management & according to our
assessment rarely any patient developed ROCM after
2-3 months gap of COVID-19. This also explains that
average HbAIC was noted 8.5 gm%. Significant rise in
HbAIC is seen after 2-3 months. Patients in initial stages
presented with facial pain/swelling and periorbital swelling
/mild headache/ nasal discharge. Those with progressive
disease had severe ophthalmic involvement, palatal
involvement, intracranial involvement. CEMRI
brain + orbit + pns was useful to describe disease exten-
sion, to differentiate between normal mucosal thickenings,
sinusitis changes and fungal components. Maxillary sinu-
ses were most commonly involved.
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