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A B S T R A C T

Background and aims: Published studies on coronavirus disease 19 (COVID-19) associated rhino-orbito-cere-
bral mucormycosis (CAROCM) were primarily descriptive. Therefore, we aimed to identify features of COVID-
19 that could predispose to CAROCM and explore the pathogenic pathways.
Patients and methods: This retrospective hospital-based study was done during the first (March 2020 - Janu-
ary 2021) and the second (February 2021 - June 2021) waves of the COVID-19 pandemic. Subjects were
grouped into four categories: first-wave CAROCM (n-4); second-wave CAROCM (n-27); first-wave non-
mucor COVID (n-75), and second-wave non-mucor COVID (n-50). Data elements included age, gender,
comorbidities, COVID-19 severity, steroid therapy, peak values of interleukin-6 (IL-6), serum ferritin and D-
dimer, nadir values of absolute lymphocyte count (ALC), absolute neutrophil count (ANC) and platelet count
(Pl. C).
Results: Thirty-one patients of CAROCM were included. The mean (SD) age was 51.26 (11.48) years. 27
(87.1%) were aged ≥ 40 years and males. Severe COVID-19 was seen more often in the second wave than the
first wave (P-0.001). CAROCM group was significantly younger (P-0.008) and showed a higher incidence of
uncontrolled diabetes (P-0.001) and renal dysfunction (P-0.004) than non-mucor COVID. While IL-6, ferritin
and D-dimer were significantly elevated in CAROCM than non-mucor COVID, clinical severity, ANC, ALC and
Pl. C showed no significant difference.
Conclusion: CAROCM is seen often in middle-aged diabetic males with uncontrolled hyperglycaemia, diabetic
ketoacidosis, renal dysfunction and those infected by more transmissible delta variants and treated with ste-
roids. IL-6, D-dimer, serum ferritin are more often elevated in CAROCM and might play a pathogenic role.

© 2022 SFMM. Published by Elsevier Masson SAS. All rights reserved.
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Introduction

Severe acute respiratory syndrome Coronavirus 2 (SARS CoV2) is a
highly transmissible virus and causes Coronavirus disease 19 (COVID-
19) [1]. From the time of its first report in December 2019 from
Wuhan city, China, the disease has snowballed in no time to other
parts of the world and was declared a pandemic by World Health
Organisation (WHO) on March 11, 2020 [2]. India has witnessed the
second wave of COVID-19 in the early and mid-2021, and during this
phase, there had been an exponential increase in the incidence of
mucormycosis, a deadly fungal infection. As of June 28 2021, the
reported number of cases was 40,845 and 31,344 were rhino-cerebral
[3]. Rhino-orbito-cerebral form of mucormycosis (ROCM) is poten-
tially lethal, and the reported fatality rate ranged between 50% and
80% [4]. In India, this peril has become the double trouble, an epi-
demic of mucormycosis during the pandemic of COVID-19, leading to
further strain on health resources [5]. The published reports on
COVID-19 associated rhino-orbito-cerebral mucormycosis (CAROCM)
from India were primarily descriptive and elaborated on the clinical
features, radiological findings, treatment and outcomes [6−11]. There
were no systematic studies about the putative causative factors of
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this super-infection. This study attempted to identify the specific
clinical and laboratory features in COVID-19 that are likely to predis-
pose to ROCM and explore the possible pathogenic pathways.

Patients and methods

This retrospective cohort study was done in a tertiary care multi-
speciality hospital, CARE Hospitals, Hyderabad, Telangana province,
India. It was conducted as per the Ethical principles of the Declaration
of Helsinki and Good Clinical Practices. The Institutional Ethics Com-
mittee of CARE hospital has approved the study (Ref. No. IEC/CARE/
20,689/2021/OS; approved on June 17 2021). The ethics committee
approved the consent waiver.

All admitted consecutive patients of CAROCM between March
2020 and June 2021 were enrolled in the study. Those between
March 2020 and January 2021 were classified as first wave CAROCM
cohort, and those between February 2021 and June 2021 were classi-
fied as second wave CAROCM cohort. Consecutive non-mucor
COVID-19 patients during the first and second pandemic waves were
also included for comparison. Seventy-five COVID-19 patients with-
out mucormycosis admitted in April 2020 were classified as first
wave non-mucor COVID-19 cohort and fifty COVID-19 patients with-
out mucormycosis admitted in April 2021 as second wave non-mucor
COVID-19 cohort. The patients with mucormycosis limited to the
nasal cavity and paranasal sinuses (PNS) (without extension to orbital
or cerebral areas) and non-COVID mucormycosis were excluded from
the study.

Diagnosis of COVID-19 was based on a positive nasopharyngeal
swab for reverse transcriptase-polymerase chain reaction (RT-PCR)
SARS CoV2, by TaqPathTM COVID-19 Combo Kit (Applied Biosystems,
Thermo Fisher Scientific, Massachusetts, USA). The clinical severity of
COVID-19 was classified as non-severe and severe based on WHO
classification. CAROCM patients underwent contrast magnetic reso-
nance imaging (MRI) of the brain, orbits and PNS. Computed tomog-
raphy (CT) of PNS was done in selected patients based on the treating
physician's clinical judgment. Diagnosis of mucormycosis was based
on clinical and radiological features along with microbiological or his-
topathological findings. CAROCM was designated as possible if the
clinical features are associated with concurrent or recent COVID-19.
It was designated probable if the clinical features are supported by
Fig. 1. Line diagram showing the trend of newly diagnosed cases of COVID-19 in I

2

characteristic nasal endoscopy or MRI or CT scan. It was considered
proven if there was microbiological stains/culture or histopatholog-
ical evidence.

Data collected from CAROCM patients included demographic data,
the time interval between the onset of COVID-19 and mucormycosis,
co-morbidities, use of steroids in the preceding three weeks (cumula-
tive dose) and other immunosuppressant drugs, clinical severity,
peak titres of interleukin-6 (IL-6), serum ferritin and D-dimer, nadir
values of absolute lymphocyte count (ALC), absolute neutrophil count
(ANC) and platelet count (Pl. C). The onset of ROCM was defined con-
current if contemporaneous with COVID-19 or as sequential if it
developed following the onset of COVID-19. Diabetes was classified
into longstanding diabetes mellitus (DM), denovo DM and diabetic
ketoacidosis (DKA). The outcome was classified into eye rescued,
vision rescued, and a life rescued. Data collected from non-mucor
COVID-19 patients included demographic data, co-morbidities, ste-
roids and other immunosuppressant drug usages, clinical severity of
COVID-19, peak titres of IL-6, serum ferritin, D-dimer, nadir values of
ALC, ANC and Pl.C.

Statistical analysis was performed using SPSS version 21.0
(Armonk, NY: IBM Corp.). All continuous variables were reported as
mean with standard deviation (SD) or median with inter-quartile
range (IQR). To compare differences in the continuous variables
between non-mucor COVID-19 and CAROCM, an unpaired t-test or
Mann-Whitney U test was used, and the Chi-square test was used for
proportions. Probability (P) values less than 0.05 were considered sig-
nificant.

Results

A total of thirty-one patients of CAROCM were included in this
study during the specified period. The mean § SD age was
51.26 § 11.48 years. 27 (87.1%) patients were aged ≥ 40 years and
males. Of them, 4 (12.9%) were from the first wave, and the remain-
ing 27 (87.1%) were during the second pandemic wave (Fig. 1). Com-
paring non-mucor COVID-19 between the first and second waves
showed a higher incidence of severe COVID-19 in the second wave
(16% versus 49%; p <0.001).

Clinical severity of COVID-19 was mild in 17 (54.84%), moderate in
4 (12.90%) and severe in 10 (32.26%) patients. Therapy for COVID-19
ndia (blue) and rhino-orbito-cerebral mucormycosis cases of our study (red).
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included corticosteroids in 25 (80.64%), Remdesivir in 14 (45.16%),
Bariticinib and Bevacizumab in one each (3.22%). Prednisolone equiv-
alent dose used was greater than 400 mg in 22 (70.96%). Co-morbid
diseases included DM in 31 (100%), hypertension in 15 (48.4%), renal
dysfunction in 8 (25.8%), coronary artery disease in 4 (12.9%), hypo-
thyroidism in 2 (6.45%), bronchial asthma in 3 (9.68%), epilepsy and
stroke in one each (3.22%). DM was de-novo detected in 7 (22.6%)
and longstanding in the remaining 24 (77.4%) subjects. Uncontrolled
DM and DKA were noted in 25 (80.65%) and 7 (22.6%), respectively.
The median (IQR) of ANC and ALC (cells/mm3) were 6460 (4532
−7905) and 900(532−1160), respectively. ALC was less than
1100 cells/mm3 in 19 (61.29%) patients. Values of inflammatory
markers were not available in all subjects. Values of IL-6 (pg/ml)
were available in 17, and it was elevated in all of them. The median
(IQR) was 56.37 (30.6−203.89). Values of serum ferritin (ng/ml) were
available in 20 patients and elevated in 13. The median (IQR) was
907.35 (676.7 - 1260). Values of D-dimer (ng/ml) were available in 21
patients and elevated in 11. The median (IQR) was 450 (222 - 824).
The onset of ROCM was concurrent in 3 (9.67%) and sequential in 28
(90.32%). The mean § duration between the onset of COVID-19 and
CAROCM in the sequential group was 16.28§6.6 days. Features of
COVID-19 and ROCM in the CAROCM cohort are shown in Tables 1
and 2, respectively. Clinical, radiological and histopathological fea-
tures are shown in Figs. 2 and 3.

We limited the comparative assessment of non-mucor COVID-19
and CAROCM to only the second wave as there were only four
patients of CAROCM in the first wave. Second wave data analysis
showed CAROCM patients to be younger (49.74§11.19 versus 58.92§
15.29; p 0.008) with higher incidence of DM (100% versus 50%; p
<0.001) and renal dysfunction (25.9% versus 4%; p 0.004) than non-
mucor COVID-19. Serum IL-6 (80.6 versus 29.4; p 0.007), serum ferri-
tin (974 versus 138.9; p <0.001) and D-dimer (450 versus 215; p
0.048) were higher in CAROCM than non-mucor COVID-19. There
was no significant difference in the severity of COVID-19, ANC, ALC
and Pl. C values between the two groups. Comparative assessment
between all non-mucor COVID-19 and CAROCM patients (first and
the second wave included) showed similar results (Table 3).

Discussion

Analysis of patients’ data in the second wave showed that patients
with CAROCM were younger (49.74§11.19 versus 58.92§15.29; p
0.008). The risk factors in developing CAROCM included male gender,
diabetes, uncontrolled hyperglycaemia and DKA at presentation,
renal impairment and corticosteroid therapy. These risk factors were
noted irrespective of the clinical severity of COVID-19. The majority
of patients who developed CAROCM had lymphopenia, elevated IL-6,
ferritin and D-dimer. CAROCM developed more often after the onset
of COVID-19, primarily within ten days. Based on our data, we have
hypothesised the likely pathogenetic mechanisms causing ROCM in
COVID-19 (Fig. 4). In a given patient, more than one mechanism may
be responsible.

Our study showed that COVID-19 was more severe in the second
than in the first wave (16% versus 49%; p <0.001). Moreover, the
number of CAROCM cases was markedly higher in the second wave,
similar to the observations in the published literature [9−11]. These
observations could partly be related to the new variants of concern in
the SARS COV2. Two variants, B.1.1.7 and B.6.177, were highly preva-
lent during the second COVID-19 wave in India [12]. It has been
reported by Ibrahim et al. that apart from angiotensin converting
enzyme (ACE) receptor-2, these variants could also use glucose-regu-
lated protein (GRP) 78 receptor for endocytosis which also happens
to be the one used by Mucorales for entry into the cell [13]. In a
stressful condition like COVID-19, cells accumulate an excessively
high number of unfolded viral structural proteins in the endoplasmic
reticulum leading to overexpression of GRP78 at the cell surface,
3



Table 2
Clinical features, treatment and outcome of COVID-19 associated rhino-orbito-cerebral mucormycosis cases.

Case
no

Onset type
(Concurrent
or Sequential)

Time (in days)
between
COVID-19 y and
Mucormycosis

Presenting Symptoms Cranial
nerves
involved

Nasal cavity and
paranasal sinus
debridement
(Yes/No)

Palatal
Resection/
Maxillectomy
(Yes/No)

Orbital
Exentration
(Yes/No)

Craniotomy
(Yes/No)

Drugs Classification Vision
Salvage
(Yes/No)

Eye
Salvage
(Yes/No)

Life
Salvage
(Yes/No)

1 Concurrent 0 Headache; vision loss
purulent discharge
from nose

II Y Y/N N Craniotomy with
abscess
drainage

LAmBz, ISZx Confirmed Y Y Y

2 Sequential 30 Nasal crusting and block None Y N/N N N LAmBz,
POS{, ISZx

Confirmed Y Y Y

3 Sequential 14 Nasal crusting and block None Y N/N N N LAmBz, POS{ Confirmed Y Y Y
4 Concurrent 0 Right-sided Headache;

Nasal crusting, vision
loss in right eye

II,III,IV,
V,VI

Y N/N Y N LAmBz, POS{ Confirmed N N Y

5 Sequential 14 Headache; Left eye Swell-
ing & vision loss; Ptosis;
Altered sensorium

II,III,IV,
V,VI

Y Y/Y Y N ISZx Confirmed N N N

6 Sequential 14 Left-sided vision loss and
facial numbness;
Altered sensorium

II,III,IV,
V,VI

N N/N N N ISZx Probable N N N

7 Sequential 3 Right-sided facial and eye
swelling and decreased
vision; left hemiparesis

II,III,IV,V Y Y/Y N N LAmBz, POS{ Confirmed N Y Y

8 Sequential 20 Left-sided ocular pain,
swelling & vision loss

II,III,IV,
V,VI

Y Y/N Y N LAmBz Confirmed N N N

9 Sequential 13 Headache, left-sided ocu-
lar pain, swelling and
vision loss

II,III,IV,
V,VI

Y Y/N Y N LAmBz, ISZx Confirmed N N Y

10 Sequential 16 Right-sided ocular pain,
swelling and vision
loss; left Hemiparesis;
altered sensorium

II,III,IV,
V,VI

Y Y/Y Y N ISZx, POS{ Confirmed N N N

11 Sequential 14 Headache; bilateral nasal
block

II,III,IV,
V,VI

Y N/N N Bilateral frontal
craniotomy

LAmBz, POS{ Confirmed Y Y Y

12 Sequential 13 Headache; left-sided ocu-
lar pain, swelling and
vision loss

II,III,IV,
V,VI

Y N/N Y N POS{ Confirmed N N N

13 Sequential 14 Headache; left-sided ocu-
lar pain swelling, vision
loss and ptosis; right
hemiparesis

II,III,IV,
V,VI

Y N/Y Y Left Decompres-
sive
craniotomy

LAmBz Confirmed N N Y

14 Sequential 8 Headache; left-sided facial
pain

V Y N/N N N LAmBz Confirmed Y Y Y

15 Sequential 27 Altered sensorium CNBTyy Y N/N N N LAmBz Confirmed N N N
16 Sequential 15 Headache; nasal crusting

and diplopia
II,III,IV Y Y/Y N N LAmBz Confirmed Y Y Y

17 Sequential 7 Headache; right-sided
vision loss

II,III,IV,
VI

Y Y/N Y N LAmBz, ISZx Confirmed N N N

18 Sequential 10 Left-sided facial pain;
nose block

CNBTyy Y N/N N N LAmBz, ISZx Confirmed N N N

19 Sequential 14 Left-sided periorbital pain
and facial numbness

V Y N/N N N ISZx Confirmed Y Y Y

20 Sequential 16 Left-sided periorbital pain
and nose block

None Y N/N N N POS{ Confirmed Y Y Y

21 Sequential 12 Headache, bilateral eye
swelling, ptosis and
vision loss

II,III,IV,
V,VI

(Bilateral) Y N/N N N LAmBz, ISZx Confirmed N

N N
22 Sequential 27 Headache; left-sided nose

block and double vision
III,V Y N/N N N LAmBz, POS{ Confirmed Y Y Y

(continued on next page)
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making them more susceptible to mucormycosis. This probably could
explain both the higher transmissibility of SARS CoV2 and the surge
in CAROCM in the second wave [3,14].

DM is a well-established predisposing factor for ROCM. Preva-
lence of DM and DKA was reported to be high in COVID-19 patients
compared to the general population [15]. All the patients of CAROCM
in our study had DM, and the incidence of DM between CAROCM
patients and non-mucor patients in the second wave was statistically
significant (100% versus 50%; p <0.001). In the majority, diabetes was
uncontrolled. SARS-CoV2 can cause hyperglycemia due to one or
more of the following mechanisms: damage to pancreatic islet cells
bearing angiotensin convertase enzyme 2 receptors, insulin resis-
tance due to cytokine storm, acute cortisol stress response and corti-
costeroid therapy [16].

RECOVERY trial showed that administration of dexamethasone
(6 mg/day) for ten days (cumulative prednisolone equivalent dose:
400 mg) decreased the 28-day mortality in moderate to severe
COVID-19 patients [17]. These results facilitated the rampant use of
different types of corticosteroid at varying doses and durations, espe-
cially in rural and semi-urban India, even in asymptomatic and
milder cases [18]. This was evidently clear in the CAROCM cohort of
our study. On one hand, majority of the mild COVID-19 patients in
the CAROCM cohort received steroid therapy and on the other hand,
most of them received a cumulative steroid dose greater than
400 mg. Corticosteroid therapy may augment hyperglycaemia, impair
neutrophil function, and repress many genes' transcription, which
encode pro-inflammatory chemokines and cytokines. They also cause
lymphopenia [19]. In the present study, the median (IQR) of ANC and
ALC (cells/mm3) were 6460 (4532−7905) and 900 (532−1160),
respectively; median ANC values between non-mucor and mucor
ROCM in the second wave were statistically significantly different.
Apart from steroids, the administration of biologicals targeting T or B
cells and cytokines render them ineffective in clearing fungal ele-
ments.

About 20% of our patients with CAROCM had DKA and acute or
chronic renal impairment. The incidence of renal impairment was
significantly higher in patients with CAROCM (25.9% versus 4%;
p = 0.004) than in non-mucor COVID-19 patients. Acidosis can predis-
pose to mucormycosis by impairing iron chelation by transferrin and
make free iron available for the growth of the fungus. Acidosis also
enhancing cellular expression of the GRP78 receptor that binds to
CotH on Mucorales hyphae that aid in fungal invasion and endothelial
injury. Acidosis also suppresses T-lymphocytes, decreases gamma
interferon production, and impairs phagocyte mediated killing [20].

Cytokine storm in COVID-19 poses a significant risk factor for
developing ROCM. It is characterized by lymphocytopenia, thrombo-
cytopenia, elevated IL-6 and other cytokines, D-dimer and ferritin
[21]. Most of the patients in this study showed abnormalities in one
or more of these inflammatory markers. Hypercytokinemia and sig-
nificantly elevated IL-6 levels augment the apoptosis of lymphocytes
by promoting Fas and Fas ligand interaction. SARS-CoV2 infection
was found to interfere with T-cell expansion and also causes T-cell
exhaustion [22]. Neutrophilia is a more common finding in COVID-
19. Neutrophil dysfunction due to corticosteroid therapy and lym-
phopenia are other contributing factors [23].

COVID-19 is associated with deranged iron metabolism that leads
to hyperferritinemia. Serum ferritin was markedly elevated (974 ver-
sus 138.9; p <0.001) in patients with CAROCM compared to non-
mucor COVID-19 patients. Hyperglycaemia and acidosis result in gly-
cosylation of iron-binding proteins and decreases their affinity for
iron, thereby increasing serum free iron levels. Elevated IL-6 induces
ferritin synthesis and hyperferritinemia, resulting in increased intra-
cellular iron content. Reactive oxygen species produced by the intra-
cellular iron stores leads to tissue damage and release of free iron
into circulation. These processes provide a fertile milieu for the
growth and invasion of Mucorales [24].



Fig. 2. (A−F): MR axial images of case no. 1 showing a hypointense lesion on T2 with perilesional edema in the right temporal lobe (A); peripherally enhancing with daughter lesion
posterolateral to larger lesion on contrast with ethmoidal sinusitis (yellow star) and sphenoid sinusitis(B); lesion showing central diffusion restriction (C); nasal endoscopy of the
same patient showing black fungal material on the nasal septum (D); the histopathological picture of sinus mucosa showing broad aseptate hyphae suggestive of Mucor sp.(E);
gomori methenamine silver stain showing fungal elements (F).

Fig. 3. (A−F): Clinical photograph of case no. 6 showing blackish periorbital discolouration (A); nasal endoscopy of the same patient showing black fungal material in the nasal cav-
ity (B); MR axial images of the brain and orbit of case no. 9 showing enlargement of the left cavernous sinus (arrow) and guitar pick sign (blue star) (C); 3D Time of flight images of
case no. 9 showing non-visualization of the left intracranial portion of the internal carotid artery (D); CT brain of the same patient showing left-hemispheric infarction and right
anterior cerebral artery infarction (E); the histopathological picture of sinus mucosa showing angioinvasion (shown in yellow arrow) (F).
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Table 3
Comparison of non-mucor Covid and CAROCM cohorts.

Parameter Both waves Non-Mucor
COVID-19y (N = 125)

Both waves Mucor COVID-
19 y (N = 31)

Second wave Non-Mucor
COVID-19y (N = 50)

Second wave Mucor COVID-
19y (N = 27)

P value* P value**

Age (Mean§SD)z 60.71§4.7 51.26§11.477 68.92§7.17 49.74§11.19 0.053 0.008
Male gender n(%) 93(74.4) 27 (87.1) 36(72) 23(85.2) 0.133 0.192
Severe COVID-19y n(%) 36(28.8) 10 (32.3) 24(48) 10(37) 0.705 0.355
Diabetes n(%) 51(40.8) 31 (100) 25(50) 27(100) 0.000 0.000
Hypertension n(%) 54(43.2) 15 (48.4) 25(50) 13 (48.1) 0.603 0.877
Renal Dysfunction n(%) 4(3.2) 8 (25.8) 2(4) 7(25.9) 0.000 0.004
IL-6xMedian (IQR){ 29.4(15.2−54.7) 56.37 (30.6−203.89) 29.4 (19.63−50.76) 80.37 (32.5−266) 0.04 0.007
Serum Ferritin Median

(IQR){
154.2 (72.9−310.85) 907.35 (696.7−1260) 138.9 (70.8−269.95) 974 (741−1320) 0.000 0.000

D-Dimer Median (IQR){ 249 (132.5−660.75) 450 (222−824) 215 (114−650.25) 450 (234−868) 0.065 0.048
ALCyyMedian (IQR){ 1035 (660−1512) 900 (532−1160) 1013 (660−1417) 900 (532 - 1160) 0.173 0.323
ANCzzMedian (IQR){ 3822 (2543−5784) 6460 (4532−7905) 3549 (2446.5−5892) 6515 (4800−8008) 0.000 0.000
Platelet Count Median

(IQR){
1.85 (1.4−2.51) 1.98 (1.33−2.7) 1.52 (1.15−2.08) 1.72 (1.32−2.76) 0.524 0.114

yCOVID-19: Corona virus disease-2019; z SD: Standard deviation; xIL-6: Interleukin-6; { IQR: Interquartile range; yy ALC: Absolute leukocyte count; zz ANC: Absolute neutrophil
count; * Non-mucor COVID and Mucor COVID of both waves;.** Non-mucor and Mucor of second wave.

Fig. 4. Flowchart showing the putative pathogenesis of COVID-19 associated Rhino-orbito-cerebral mucormycosis.

Y.M. Reddy, S. Yeduguri, V.s. Reddy N et al. Journal of Medical Mycology 32 (2022) 101252
COVID-19 is a hypercoagulable state. D-dimer was significantly
higher (450 vs. 215; p 0.048) in patients with CAROCM. D-dimer
causes enhanced endothelial dysfunction, platelet aggregation and
widespread micro-thrombi, and this provides fertile ground for prop-
agating angioinvasive Mucorales [25].

To conclude, delta variants of SARS CoV2 are more transmissible
and prone to ROCM. It is commonly seen in middle-aged diabetic
males with uncontrolled sugars, diabetic ketoacidosis, renal dysfunc-
tion and those treated with any corticosteroid dose. Elevated IL-6, D-
dimer, serum ferritin are more often seen in COVID-19 patients who
developed CAROCM and might involve in the pathophysiology of
ROCM in patients with COVID-19. The limitations of our study were:
retrospective nature of the study and small sample size, and inflam-
matory markers were not measured at admission in the entire study
cohort. Free iron levels were not done in any of the patients.
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