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Abstract: The COVID-19 pandemic has led to a dramatic rise in the incidence of rhino-orbito-cerebral
mucormycosis (ROCM) in India. The purpose of our report is to describe the prevalence of ROCM
in the context of SARS-CoV-2 infection during the second Indian COVID-19 wave, as well as its
diagnostics proceeding, and to discuss the challenges met in the time frame from the suspected
diagnosis to the therapeutic decision in such patients. We conducted a retrospective multicentre
case series study at six centres of Sudhalkar and Raghudeep group of hospitals in India. ROCM
was confirmed in 38 (2.5%) of the 1546 patients admitted with SARS-CoV-2 infection. The average
time to establish a diagnosis was 16 days. In total, 19 (50%) patients suffered from type 2 diabetes
and were mostly treated with hypoglycaemic agents (in 90% of cases). The standard of care for
SARS-CoV-2 management included systemic steroids therapy, intravenous remdesivir for 5 days, and
concomitant prophylactic antibiotic therapy following admission. The median (IQR) blood glucose
levels in all patients during the course of hospitalisation was 320 (250.5-375) mg/dl. A total of
16% of patients had an irreparable functional loss, and the mortality was 5%. We may hypothesise
that excessive administration of antibiotics that profoundly affects human microbiota, coupled with
poorly controlled glycaemia and unprotocolised haphazard steroid administration, contribute to a

favourable setting for mucormycosis infections.
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1. Introduction

Rhino-orbital-cerebral mucormycosis (ROCM) is a rare invasive fungal infection of
the nasal and maxillary sinuses and the orbit. The causing agent, Mucorales, from the
family of mucormycetes fungi, includes more than 300 species and may be responsible for
opportunistic infections, especially in immunosuppressed patients [1]. Particular attention
to the ROCM was brought about following the first and second epidemic COVID-19
waves in India and other countries [2,3], where mucormycosis was mediatised by several
world-renowned media [4].

Acute SARS-CoV-2 infection, as well as the non-specific treatment (including steroids
and monoclonal antibodies immune therapy), exposes COVID-19 patients to the risk of
opportunistic infections, including mucormycosis. Several predisposing risk factors for
the development of ROCM were identified retrospectively. These include uncontrolled
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diabetes, immunosuppression, hemochromatosis, ketoacidosis, and damage to the physical
barriers of the immune system [5].

The diagnosis of ROCM is based on clinical signs and instrumental confirmation [6].
In the case of para-orbital spread of mucormycosis, several specific signs such as orbital
cellulitis not responding to conventional treatment, orbital apex syndrome, ptosis, oph-
thalmoplegia, blurring vision or vision loss development, bring the patient or physician to
consult an ophthalmologist. Unfortunately, the appearance of such symptoms often attests
to an advanced stage of fungal invasion, with unfavourable functional (vision loss, eye
removal) or even lethal (brain infection via the orbit fissures) outcomes [7]. The manage-
ment of such patients is challenging, urging the need for systemic antifungal treatment
combined with surgery [8,9].

We report here a case series of ROCM, managed by ophthalmologists, in six referring
centres of Sudhalkar and Raghudeep group of hospitals in India. The purpose of our report
is to describe the prevalence of ROCM in the context of SARS-CoV-2 infection during the
second Indian COVID-19 wave, as well as its diagnostics proceeding, and to discuss the
challenges met in the period from the suspected diagnosis to the therapeutic decision in
such patients.

2. Materials and Methods
2.1. Study Design and Patient Selection

We conducted a retrospective multicentre, case series study at six centres of Sudhalkar
and Raghudeep group of hospitals in India. Medical records of all adult patients admitted
for COVID-19 Pneumonia from 1 February 2021 until 10 May 2021 were screened to
identify those with suspected and confirmed ROCM. The ROCM diagnosis was based on
the European Organisation for Research and Treatment of Cancer and the Mycoses Study
Group Education and Research Consortium (EORTC/MSG) guidelines [10]. We analysed
medical records of patients, alive at the time of ROCM diagnosis. The ethics committee of
the Sudhalkar Eye Hospital, Vadodara, India, approved this study.

2.2. Data Collection

In patients with identified ROCM, the following data were collected: demographics,
the signs and symptoms of COVID-19 infection, laboratory findings at admission and
during the course of therapy, the treatment administered, the duration of hospitalisation, the
duration of steroid therapy, the presenting complaints with particular reference to COVID-
19 associated infections/sequelae, the therapy administered for COVID-19 associated
complications, and final outcomes.

2.3. Objectives

The primary objective was the prevalence of ROCM in the studied population. The sec-
ondary objective included the analysis of patient characteristics and infection management.

2.4. Statistical Analysis
Results are expressed as frequency and percentage for categorical data, and as a

median and interquartile range (IQR) for continuous variables. The chi-squared test was
used, wherever appropriate. Statistical significance was set at p < 0.05.

3. Results
In the period from 1 February 2021 to 10 May 2021, 1546 patients were admitted
with a COVID-19 pneumonia diagnosis. Of these, in 51 (3.2%) patients, the ROCM was

suspected, and in 38 (2.5%) was confirmed. The median (IQR) follow-up for these patients
was 52.5 (28-72) days.
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3.1. Demographics and Systemic Comorbidities

The median (IQR) age was 54 years (32-74.5) and body mass index (BMI) was 24.5
(22.2-28.2), and 26 (68%) were males. In total, 15 (39%) patients had no comorbidities before
the hospital admission, while 19 (50%) patients suffered from type 2 diabetes (median (IQR)
HbAIc levels at admission 7.9 (6.7-9.1)). The presence of diabetes was associated with a
higher risk to develop ROCM (OR: 2.89 95% CI [1.76-13], p = 0.023). Other comorbidities
included hypertension in five patients (13%), hypothyroidism in four patients (10.5%),
dyslipidaemia in three patients (8%), impaired renal function in one patient (2.6%), cardiac
insufficiency in one patient (2.6%), and rheumatoid arthritis in one patient (2.6%).

In diabetic patients (n = 19), treatment included oral hypoglycaemic agents in 17 (90%)
cases, meaning that only 2 (10%) patients had insulin therapy.

3.2. SARS-CoV2 Infection Management—Related Data

All patients admitted for management of COVID-19 pneumonia underwent a CT
pulmonary scan, with the average high-resolution CT scan (HRC) score [11] at 13/25. In
total, 25 (66%) patients required oxygen supplementation at admission, 7 (18%) patients
required non-invasive ventilatory support initiated within 24 h of admission, and 6 (16%)
patients required invasive ventilation. None of the patients had any clinical evidence of
ROCM/secondary infection at admission. The median (IQR) duration of oxygen therapy
(regardless of delivery system) prior to the development of symptoms suggestive of ROCM
was 15.2 (10.5-21) days.

The standard of care included systemic steroids therapy, intravenous remdesivir for
5 days, and concomitant prophylactic antibiotic therapy following admission for all pa-
tients. As a primary steroid therapy, 14 (37%) patients received high-dose dexamethasone
(16 mg daily) for 10 days, 19 (50%) patients received methylprednisolone (125 mg daily) for
7 days, and 5 (13%) patients received oral prednisolone in an average dose of 1 mg/kg/day
for 14 days. All patients received tapering doses of oral prednisolone during 3 weeks
following discharge. Multiple antimicrobial (beta-lactams, tetracyclines, and macrolides)
and antiparasite (ivermectin) agents were administrated to all patients for the period from
3 to 10 days. Eight (21%) patients received oral voriconazole for 5 days for presumed inva-
sive pulmonary aspergillosis. In addition, six (16%) patients developed antibiotic-induced
diarrhoea and were managed successfully with oral metronidazole. Low-molecular-weight
heparin was given in 27 (71%) patients for the entire duration of their hospitalisation. All
patients received oral supplements (such as zinc and vitamin C).

3.3. Blood Glucose Levels

All 38 patients received insulin therapy during hospitalisation. The median (IQR)
blood glucose levels in all these patients during hospitalisation was 320 (250.5-375) mg/dl
over a median (IQR) time of 11 (7-14) days. Only 16 (42%) patients achieved blood glucose
levels < 200 mg/dl at any point in time. Ketoacidosis occurred in two (5%) patients in a
median time of eight days from corticoid therapy initiation.

3.4. Time to Onset of Mucormycosis and Ophthalmologic Symptoms

The median (IQR) time to diagnosis of ROCM from the day of hospital admission
was 17.5 (12-22) days. A diagnosis of ROCM was established in 10 (26%) patients during
hospitalisation, in 8 (21%) within a week of discharge, in 15 (39.5%) within the first two
weeks of discharge, and in 5 (13%) within the first month after discharge. None of the
patients developed any other form of mucormycosis (such as cutaneous/pulmonary). The
median (IQR) hospitalisation time in these 38 patients was 23 (15-28) days.

Ocular involvement occurred in 21 (55%) patients. The main ophthalmic symptoms
were ptosis in 19 patients (90%), ophthalmoplegia in 18 patients (47%), total vision loss
in 15 patients (39%), and orbital oedema in 11 patients (29%). None of the patients had
bilateral orbital involvement.
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3.5. Histopathology and Culture Results

In total, 33 (86.8%) patients underwent surgical intervention for ROCM. Fungal ele-
ments were detected in all 33 patients, using the potassium hydroxide (KOH) wet mount
preparation. Histologic findings confirmed the presence of perivascular fungal hyphae,
along with the classic signs of tissue infarction and necrosis. The identified fungal hyphae
were pauciseptate, with broad and right-angle branching, consistent with the clinical diag-
nosis. Their structure was confirmed with the periodic acid-Schiff (PAS) staining. Culture
and species identification were carried out in 23 patients (69.7%). The most commonly
identified species were Rhizopus (60.9%), followed by Mucor (21.7%) and Absidia (17.4%).
As all specimens were obtained from sterile sites, the fungal growth in culture media,
together with histopathological evidence of vascular necrosis and the presence of fungal
hyphae in surgical samples, was conclusive for mucormycosis (proven invasive fungal
disease according to EORTC/MSG consensus definition [10]).

Five patients (13.2%) who improved with medical management alone had possi-
ble invasive mucormycosis based on the EORTC/MSG consensus definitions for inva-
sive fungal disease: the presence of one host factor (uncontrolled blood glucose lev-
els/immunosuppression), clinical evidence, and radiologic evidence based on CT scan of
the head and sinus region.

3.6. Therapy for Mucormycosis

All patients with established ROCM diagnosis were treated with intravenous am-
photericin B (deoxycholate-23, liposomal-15) with a median (IQR) dose of 0.9 (0.3-1.0)
mg/kg/day over a median (IQR) duration of 21.5 days (14-28). A total of 17 (45%) patients
received additional therapy with oral posaconazole, with a loading dose of 600 mg on
day 1, followed by a maintenance dose of 300 mg/day over a median (IQR) duration of
60 (42-80) days.

In total, 27 (71%) patients benefited from at least endoscopic debridement, 6 (16%)
received orbital exenteration (eye loss), and 3 (8%) patients required hemi-mandibulectomy
(Figure 1). Finally, five (13%) patients could be managed with medical therapy alone. Lethal
outcomes were observed in two (5%) patients.

Figure 1. Case of a 65-year-old man suffering from mucormycosis following therapies for COVID-19
pneumoniae: (A) preoperative photography showing left ptosis and facial swelling; (B) preoperative
photography demonstrating invasion of the sinus by mucormyecosis; (C) preoperative photography
showing surgical removal of the mucormycosis.

Patients with pre-existing diabetes were more likely to require aggressive interventions
such as exenteration or hemi-mandibulectomy (OR: 4.42, 95% CI [3.03-5.27], p = 0.03).
However, no association of lethal outcome and diabetes status was found.
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4. Discussion

We described the ophthalmologist’s experience in the management of COVID-19 asso-
ciated ROCM patients in six Indian hospital centres during the second pandemic wave. In
our study, the prevalence of ROCM was 2.5%, and the average time to establish a diagnosis
was 16 days. Only a quarter of patients (26%) benefitted from the in-hospital diagnostics of
ROCM, whereas most of the patients were returning to the hospital for ophthalmologist
consultation after discharge. The majority of patients had already established risk factors
for mucormycosis and were exposed to well-known risk factors for ROCM. Finally, 16% of
patients had an irreparable functional loss, and the mortality was 5%.

The immunosuppression (induced by SARS-CoV-2 infection and by steroid use), and
exposure to high blood glucose levels (due to steroids use and preexisting diabetes) are well-
depicted risk factors for any invasive fungal infection, including mucormycosis [12-17].
Steroid therapy was heterogeneous in our series, but it reflects the complexity of COVID-19
systemic therapy [18]. The in-hospital blood glucose level management was not optimal
in the majority of our patients, and it is unknown whether the glucose control in these
patients was successful at home. A clear association of unsuccessful glucose control and
various infectious complications was already demonstrated in a large number of medical
and surgical conditions.

The particularity of the fulminant mucormycosis is in relatively few general symptoms
and predominant localisation in the oro-facial zone. This localisation puts patients at
risk of severe functional loss—namely, loss of vision or even death. The context of the
COVID-19 pandemic has led to a dramatic increase in the number of patients at risk and,
therefore, the raise of ROCM. In our observation, 39% of patients had no comorbidities
before hospitalisation. However, we did not consider these patients being free of any
comorbidities before the COVID-19, because of the absence of precise medical history prior
to the index hospitalisation. Previously published studies already reported a high incidence
of ROCM in young patients with few comorbidities admitted for COVID-19 pneumonia,
particularly in the western Indian state of Gujarat [12-14,19-23].

In our case series, patients with diabetes were at higher risk for extensive surgical in-
terventions. Aggressive surgical debridement, combined with systemic antifungal therapy,
probably accounted for a lower mortality rate during our observation. However, lethal
outcomes associated with ROCM recurrence may have occurred later in the course of
the disease.

One of the features of therapeutic interventions for COVID-19 pneumonia, particularly
in India, is the wide administration of antibiotics to prevent secondary bacterial infection,
even in immunocompetent patients. A veritable cocktail of antibiotics, ivermectin, and even
voriconazole was administered in some patients preventively. The potential association of
mucormycosis with the administration of voriconazole has been documented earlier [24].
We may hypothesise that such excessive administration of antibiotics profoundly affects
human microbiota lining mucous membranes. The loss of protective function of microflora
may contribute to the fungal invasion. Coupled with poorly controlled glycaemia and
unprotocolised steroid administration, this establishes a more than favourable setting for
mucormycosis infections.

The standards of hospital hygiene in India were already not optimal before the COVID-
19 pandemic [25]. During the pandemic wave, the risk of environmental exposure in
the hospital was undoubtedly multiplied. COVID-19 patients with weakened immune
systems may have been exposed to different infectious pathogens, including fungi, through
hospital air, surfaces, and potentially contaminated medical devices for oxygen delivery and
respiratory support. Moreover, public health issues, particularly present during pandemics,
such as domestic waste management, pose serious problems in India [26]. We may expect
the continuous risk of exposure to Mucorales for immunocompromised post-COVID-19
patients in domestic settings, especially in rural areas. Therefore, the cases with onset
of ROCM at 1 and 2 weeks post-discharge may be considered both as nosocomial (more
probable) or community-acquired.
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The small number of included participants and the retrospective nature of the study
are the major limitations of our analysis. Different causative factors have to be studied;
however, the heterogeneity in therapeutic approaches and the lack of medical history
documentation prior hospitalisation precluded the use of advanced statistical methods
such as propensity score matching. A large cohort analysis may be useful in this case.
However, the descriptive nature of our cases may add to the literature allowing in the
future a meta-analytic approach.

5. Conclusions

To conclude, 2.5% of adult patients hospitalised with SARS-CoV-2 infection suffered
from ROCM, an uncommon but dangerous complication of COVID-19, leading to vision
loss in 16% of cases and mortality in 5%. Aside from the effort to control known risk factors,
physician awareness should be reinforced to enable earlier diagnostics and access to treat-
ment. Further epidemiological studies are needed to improve the quality of management
of such patients.
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