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Purpose: To report the incidence, cumulative mortality, and factors influencing the outcomes from a large 
series of COVID-19-associated mucormycosis (CAM) from western India. Methods: Consecutive patients 
with CAM between March 1 and May 10, 2021, with a minimum follow-up of 1 month were included. We 
recorded the presence of diabetes, use of steroids, and need for non-invasive ventilation (NIV) from the 
case files. The features of orbital involvement, treatment administered, and outcomes, i.e., death, orbital 
exenteration, or recovery were noted. Cumulative probability of adverse outcomes, defined as either death 
or exenteration, was reported using survival analysis. Results: We treated 67 cases of CAM and found an 
incidence of 13.6 cases per 1,000 patients post-moderate to severe COVID-19. Uncontrolled diabetes (90%) 
with ketoacidosis (40%) and prior systemic steroids (84%) were the strongest predispositions. The onset 
of CAM was 15.1 ± 9.5 days (range: 6–42 days) after recovery from COVID-19. The cumulative probability 
of an adverse outcome was 38% (95% confidence intervals [CI] = 23.7–56.9%) on day 20. The patients who 
required NIV during COVID-19 were at seven times higher risk of experiencing an adverse outcome 
(hazard ratios [HR] = 6.92, 95% CI = 2.9–16.2) while those who received amphotericin– -B had a 61% lower 
risk (HR = 0.39, 95% CI = 0.16–0.97). Conclusion: The current outbreak of CAM was seen predominantly in 
uncontrolled diabetics, especially with ketoacidosis and steroid intake. The cumulative probability of death 
or orbital exenteration was 38% at day 20 of the infection and those who required NIV and did not receive 
amphotericin-B were at a high risk of these outcomes.
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The COVID-19 pandemic has led to devastation across the 
world with multiple waves of infections over the past year. In 
addition to the viral infection itself, there has been an increase 
in the number of opportunistic infections in patients with 
COVID-19, fungal infections being common among these, 
involving different parts of the body.[1-7] Recently, we have 
seen a sudden increase in the number of COVID-19-associated 
rhinoorbitocerebral mucormycosis (CAM) cases,[8,9] with 
more than 2,500 cases reported in the literature over the past 
few months alone.[1,8-19] The largest series reported recently 
consisted of 2,826 cases from India,[19] indicating that it is a 
huge public health problem already.

Since mucormycosis is known to occur predominantly in 
diabetics with poor glycemic control, the sudden increase in 
its incidence has been attributed to the indiscriminate use of 
systemic steroids, especially in diabetic patients. The recently 
published study by Sen et al.[19] clearly showed this to be true. 
However, with the rising numbers, there is fear that mucor may 
infect even those without these risk factors during the post-
COVID-19 recovery phase. Though some recently published 
studies report outcomes in CAM,[20,21] none of them used 
survival analysis to report mortality or morbidity. To the best of 
our knowledge, there are no studies addressing the cumulative 
mortality rates and factors predicting mortality in this cohort 

using appropriate statistical tools. Additionally, despite the 
large collaborative series recently published by pooling cases 
from across India,[19] we believe that the outcomes from a single 
multidisciplinary center still carry merit in terms of more 
thorough documentation of the disease stage and uniformity 
of the treatment protocols followed.

Ours is a tertiary care multispecialty government hospital in 
the western state of Maharashtra which is the hardest-hit state 
in India with more than 6 million cases so far. Our hospital has 
catered to >50,000 patients with moderate to severe COVID-19 
infections over the past year. We have observed an outbreak 
of CAM over the past 2 months and report the underlying 
predispositions and morbidity and mortality outcomes from 
a cohort of 67 patients with CAM from western India.

Methods
This was a retrospective study and was approved by the local 
institutional ethics committee of a large government hospital in 
western India. Informed consent was taken from all patients at 
the time of admission and the study followed the tenets of the 
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Declaration of Helsinki. Case records of all the patients with a 
diagnosis of COVID-19 in the past and having a diagnosis of 
CAM between March 1 and May 10, 2021, were identified from 
the medical records department of our hospital and those with a 
minimum follow-up of 30 days were included in this study. The 
patients were classified into proven CAM, probable CAM, and 
possible CAM based on standardized criteria published before.
[22] In summary, all the patients with suspected CAM based on 
typical clinical features [Fig. 1] of orbital cellulitis and/or black 
eschar on the hard palate, face or nose, underwent a deep nasal 
swab that was used to prepare a Potassium Hydroxide (KOH) 
mount to identify the fungus.

Additionally, material from the swab or specimen obtained 
during nasal endoscopy was used to culture the fungus using 
Sabouraud’s dextrose agar. A computerized tomography 
(CT) scan or magnetic resonance imaging (MRI) scan was also 
ordered for all the patients to confirm pansinusitis, orbital and 
cranial involvement. Additionally, all the patients underwent 
routine blood workup including fasting blood sugar levels, 
complete blood counts, C-reactive protein levels, and serum 
ferritin levels at the time of admission for CAM.

In addition to the basic demographics such as age and 
gender, we recorded the following information from the case 
files: the presence of diabetes, the duration of diabetes, the 
treatment being taken for diabetes (insulin vs. no insulin), 
and the patient’s fasting blood sugar at the time of admission 
for CAM. In those with a fasting sugar of ≥150 mg/dL without 
a previous history of diabetes, a diagnosis of diabetes was 
recorded. Similarly, a diagnosis of diabetic ketoacidosis was 
entered when ketones were found in the blood or urine.

The time interval (in days) between COVID-19 recovery 
(defined as discharge from hospital or at least 14 days after 
having a Polymerase Chain Reaction [PCR] confirmed 
diagnosis of COVID-19) and the onset of CAM was recorded in 
days. A history of the treatment received for the past COVID-19 
infection was retrieved from the case records including a history 
of steroid usage, the route of administration, and the type of 
steroid used. The history of requiring supplemental oxygen as 
well as non-invasive ventilation (NIV) and ventilatory support 
and history of use of remdesivir were all recorded.

The ophthalmic manifestations at the time of admission 
of CAM were recorded including presenting visual acuity, 
i.e., whether perceiving light or not, presence of complete 
ptosis, total ophthalmoplegia, proptosis, presence of a 
relative afferent pupillary defect (RAPD), and presence 
of a black eschar on the face, nostrils, palate, or lids. All 
the patients were advised endoscopic sinus debridement 
with lavage using liposomal amphotericin-B. The patients 
were administered intravenous lyophilized amphotericin-B 
when it was available in the wards. Orbital exenteration 
was planned for patients with advanced orbital disease 
characterized by no perception of light, complete ptosis, and 
total ophthalmoplegia but was subject to anesthetic fitness for 
general anesthesia.[22] The outcome was recorded as follows: 
death, exenteration, or recovery, either completely recovered 
(i.e., no disease clinically or on imaging), or recovering and 
under follow-up.

Statistical analysis
All continuous variables were presented as mean with standard 
deviation or median with interquartile range (IQR) and group 
differences were analyzed using the Student’s t-test or the 
Wilcoxon rank-sum test for non-parametric distributions. 
Similarly, categorical variables were presented as proportions 
(n, %) and group differences were analyzed using the 
Chi-square or Fisher’s exact tests.

In view of the relatively small number of events, we 
combined death and orbital exenteration into one adverse 
outcome for this analysis. The survival analysis was performed 
using adverse outcome as the censoring variable and Kaplan–
Meier (K-M) curves were plotted to depict the cumulative 
probability of survival at various time points. The time for 
adverse outcome was defined as the interval between the time 
of admission for CAM and either death or orbital exenteration. 
The survival probability for an adverse outcome was assessed 
using the Cox Proportional Hazards Models and displayed 
using HR with 95% CI. The potential covariates used for 
adjusting HR were those with a P < 0.05 in univariate models 
and those that have been shown to influence failure rates in the 
previous studies. A best-fit multivariable model was identified 
using the sensitivity analysis and Akaike’s information criteria 

Figure 1: Clinical features of patients with mucormycosis showing orbital cellulitis with a total ophthalmoplegia (a) and complete ptosis (b), black 
eschar on the hard palate (c and d), nasal eschar (e), and pansinusitis on CT scan (f)
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(AIC) after eliminating variance inflation and significant 
interaction between covariates.

All data were entered in Microsoft Excel and analyzed 
using STATA 12.1 I/c (Stata Corp, Fort Worth, TX, USA) and all 
P-values <0.05 were considered statistically significant.

Results
Our hospital admitted 4,910 patients with moderate to severe 
COVID-19 during the study period and saw 67 patients with 
CAM, leading to an incidence of 13.6 cases per 1,000 patients 
with moderate to severe COVID-19. Of these, 28 (42%) were 
proven cases of CAM, 5 (7%) were probable CAM, and the 
remaining 34 (51%) were possible CAM.

The mean age of the patients with CAM was 54.8 ± 9.4 
years and 40 (60%) were men. Only one patient had bilateral 
disease. Table 1 shows a summary of all baseline characteristics, 
underlying predisposing factors, details of prior COVID-19 
treatment, and characteristics of their ophthalmic presentation. 
A majority of the patients were diabetic (n = 60, 90%) with 
nine among these being diagnosed with diabetes at the time 
of presentation with CAM. The fasting blood sugar was 
markedly elevated and more than a third of the patients 
had coexistent diabetic ketoacidosis. The CAM developed 
approximately 15 days after COVID-19 recovery (median 

= 14 days,   Inter Quartile Range (IQR) = 8–20 days, range = 
6–42 days), though eight patients continued to be admitted 
for severe COVID-19 management at the time of the onset of 
CAM. A large majority of the patients had received steroids 
for COVID-19 management (n = 56, 84%) in some form with a 
majority having received intravenous methylprednisolone (n = 
41, 61%) followed by intravenous dexamethasone (n = 12, 18%). 
Prolonged oxygen supplementation was needed by 52 (78%) 
patients during COVID-19 management of which 18 (27%) 
needed NIV or mechanical ventilatory support. All patients, 
except one (1.5%), had some underlying predisposition in the 
form of uncontrolled diabetes with or without ketoacidosis or 
steroid administration and prolonged oxygen administration. 
The one exception was a 63-year-old gentleman who was not 
diabetic, did not have any underlying predispositions, and had 
not even received any oxygen, but developed CAM 40 days 
after recovery from COVID-19.

All patients had orbital involvement and three patients (5%) 
had an intracranial extension at the time of presentation to the 
Ophthalmology Department. Pansinusitis was the commonest 
involvement (n = 60, 90%) followed by maxillary (n = 4, 6%) 
and ethmoidal (n = 3, 4%) involvement. Of the 67 patients 
with CAM, 26 (39%) experienced an adverse outcome, with 23 
(34%) having died and 3 (4%) underwent orbital exenteration. 
None of those who had exenteration died. Of those with 

Table 1: Comparison of demographics and clinical characteristics between patients who had an adverse outcome (either 
death or exenteration) vs. those who did not

Variable Overall
(n = 67)

No adverse
outcome (n = 41)

Adverse outcome
(n = 26)

P

Age 54.8 ± 9.4 54.1 ± 9.4 55.8 ± 9.7 0.48

Gender (% Men) 40 (60%) 27 (66%) 13 (50%) 0.19

Diabetes 60 (90%) 35 (85%) 25 (96%) 0.16

% on Insulin 30 (45%) 15 (37%) 15 (58%) 0.06

DM duration (months) 33.8 ± 44 32 ± 45.9* 36 ± 43 0.79

Ketoacidosis with CAM 27 (40%) 14 (32%) 14 (54%) 0.03

FBS at the time of CAM 279 ± 123 257 ± 132 312 ± 101 0.04

Time since COVID-19** 15.1 + 9.5 17.5 + 9.0 11.2 ± 9.2 0.004

Proven CAM 27 (40%) 19 (46%) 8 (31%) 0.43
Antifungal administered 30 (45%) 22 (54%) 8 (31%) 0.06

Blood workup

Neutrophil count (%) 76 ± 9 75 ± 9 78 ± 10 0.39

C‑reactive protein 88 ± 49 84 ± 52 93 ± 46 0.63

Serum ferritin 683 ± 522 636 ± 538 735 ± 526 0.57

COVID-19 Treatment

Steroids 56 (84%) 32 (81%) 23 (89%) 0.18

Remdesivir 27 (40%) 16 (39%) 11 (42%) 0.78
Assisted ventilation# 18 (27%) 3 (7%) 15 (58%) <0.001

Ophthalmic presentation

Vision (% with no PL) 24 (36%) 11 (27%) 13 (50%) 0.05

Complete ptosis 40 (60%) 21 (51%) 19 (73%) 0.07

Proptosis 48 (72%) 25 (61%) 23 (88%) 0.02

RAPD 30 (45%) 15 (37%) 15 (58%) 0.09
Total Ophthalmoplegia 38 (57%) 19 (46%) 19 (73%) 0.03

* Excludes nine freshly diagnosed diabetics, **Calculated for those (n = 59) who did develop CAM post‑COVID-19 recovery, #Includes NIV (Non‑invasive 
ventilation and ventilator support), CAM= COVID-19‑associated mucormycosis, PL= Perception of light, RAPD= Relative afferent pupillary defect
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exenteration, two had an intracranial extension at presentation. 
Of the remaining 41 patients, 37 had completely recovered 
while 2 were recovering and still under follow-up with a mean 
follow-up time of 35 ± 2.7 days. Using survival estimates, the 
cumulative probability of an adverse outcome [Fig. 2] occurring 
was 9% (95% CI = 4.1–19%) at day 2 and increased to 24% on 
day 8 (95% CI = 15.7–36.8%) and 38% on day 20 (95% CI = 
27.3–51.6%). A majority of those with adverse outcomes (n = 
16/26, 62%) occurred on or before day 8 of presentation [Fig. 3].

The patients who had adverse outcomes were all diabetic 
and nearly two/thirds had coexistent ketoacidosis. Also, a 
significantly the higher proportion of those in this group 
received assisted ventilation in the form of NIV or ventilator 
support during their previous COVID-19 management. 
Lastly, this group with adverse outcomes presented with 
much worse disease [Table 1] in the form of worse vision, 
i.e., higher proportion with no perception of light, complete 
ptosis, proptosis, and total ophthalmoplegia. A multivariable 
Cox’s proportional hazards analysis [Table 2] with a best-fit 
model showed that a history of receiving assisted ventilation 
led to a nearly seven-fold increased risk of having an adverse 
outcome (P = 0.009). In the same model, the patients who 
received amphotericin-B had a 61% reduced risk (P = 0.043) of 
an adverse outcome.

Discussion
In this retrospective study involving 67 patients with CAM 
over a short period, we found that almost all patients had an 
underlying predisposing factor for opportunistic infections. 
Uncontrolled diabetes was the most consistent with an 
alarmingly high rate of ketoacidosis (40%) among those 
infected. The prior use of systemic steroids and the need for 
supplemental oxygen were the other strong predispositions 
seen. We also found that, though CAM predominantly affects 
patients recovering from COVID-19, it can also infect those 
with an active viral infection, albeit with comorbidities such 
as uncontrolled diabetes. On average, the onset of CAM was 
about 15 days after recovery from the COVID-19 infection, 
though it could start as late as 40–42 days after recovery. The 
cumulative probability of mortality or exenteration was 24% 

at 8 days after CAM onset and increased to 38% at day 20. 
The patients who had required non-invasive oxygen support 
or ventilator support during their COVID-19 illness were at a 
significantly higher risk of death or orbital exenteration while 
those with less severe orbital involvement, evidenced by the 
presence of light perception had a lower risk of mortality. 
Systemic antifungals also appeared to reduce mortality 
significantly.

We found an incidence of 13.6 cases per 1,000 patients with 
moderate to severe COVID-19 infection in our setting. Given 
that India has seen 10+ million fresh cases of COVID-19 over 
the past few months (the second wave) of which about 15–20% 
may have moderate to a severe disease requiring oxygen 
supplementation and steroid use and given that the prevalence 
of diabetes in India ranges from 15 to 20% of the population, 
there is a likelihood of a very large number of mucormycosis 
cases occurring making this a public health emergency. Though 
it has been postulated before,[19] we now have clear evidence of 
uncontrolled diabetes, especially with ketoacidosis being at a 
higher risk of CAM. Since steroid use is life-saving, and hence, 
inevitable during COVID-19 management itself. It is imperative 
that the blood sugar is closely monitored in diabetics and be 
controlled with all possible measures and steroids be tapered 
as early as possible in this high-risk group.

The use of prolonged oxygen has been postulated to be a risk 
factor for CAM, however, 22% of the cases did not receive any 
supplemental oxygen suggesting that uncontrolled diabetes 
and the hyperglycemic influence of steroids may be more 
important risk factors of CAM than contaminated oxygen 
supplies. Similar results were reported by Sen et al.[19] who 
also did not implicate contaminated oxygen as a causative 
factor. However, the previous need for NIV and ventilatory 
support was the strongest mortality indicator. We suspect 
that this is an indication of the more severe nature of the prior 
COVID-19 infection with poor systemic status and higher 
levels of immune compromise in this subgroup. Yet oxygen 
contamination cannot be ruled out, especially in times of acute 
shortage and procurement from unreliable sources, therefore, 
protocols must be in place to supply clean oxygen to all patients 
with COVID-19.

Figure 3: Distribution of cases with mortality and orbital exenteration 
at various time points after admission for COVID-19-associated 
mucormycosis

Figure 2: Kaplan–Meier survival estimates of cumulative probability of 
adverse outcomes at various time points during the first 20 days are 
the onset of COVID-19-associated mucormycosis
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We report a relatively low incidence of orbital exenteration 
and this may be due to very poor systemic status in most cases, 
including ketoacidosis and post-COVID-19 poor health making 
them unfit for general anesthesia. However, Ravani et al.,[9] in 
a recent study of 31 cases of CAM, also reported low rates of 
orbital exenteration, done in only 4 eyes out of 31 with CAM in 
their series while Sen et al.,[19] from the largest series, report 17% 
exenterations. Dave et al.[20] report higher exenteration in 38% of 
the cases, however, the severity of CAM appears to be worse in 
their series with 33% having CNS involvement as opposed to 
only 5% in our series. We also report one case of bilateral and 
sequential CAM as part of this series, a rare occurrence, and 
this patient died on day 4 of admission. Surprisingly, we found 
one (1.5%) patient without any identifiable predispositions for 
CAM, and this occurred 40 days after uneventful COVID-19 
recovery. Though the cause is as yet undefined, it may be very 
important to observe closely for more such occurrences, which 
may indicate as yet unexplained virus–host interactions leading 
to tissue necrosis in the nose and paranasal sinuses. Our rate of 
adverse outcome was also very similar to that reported by Dave 
et al.,[20] who report an unfavorable outcome in a third of their 
cases, and Sen et al.,[19] where 31% of the patients underwent 
either exenteration or died. However, our proportions of deaths 
are higher, likely due to the worse systemic condition at the 
presentation of our patients. Lastly, a majority of those who died 
did so by the 8th day of admission with CAM, making this an 
important window of opportunity to intervene, especially with 
systemic lyophilized amphotericin-B which appears to reduce 
mortality by 61%. The government must do all it can to make this 
life-saving drug available to all who need it at affordable costs.

The drawbacks of our study are its retrospective nature 
and the lack of documentation of the duration of steroid use 
during COVID-19 treatment, though we doubt whether this 
information would have altered the major findings of this 
study. The advantages of our study are the relatively large 
number of cases of this very rare disease, occurring in the form 
of an outbreak, and allowing us to understand the disease 
behavior, mortality, and morbidity rates. To the best of our 
knowledge, this is the first study providing a survival analysis, 

cumulative mortality, and hazards ratios for factors predicting 
death or exenteration in CAM. The mortality indicators we 
found, i.e., the need for assisted ventilation in the past and the 
presence of severe orbital manifestations can help physicians 
triage patients for emergency procedures and administer 
systemic antifungals when in limited supply.

Conclusion
In conclusion, we report the underlying risk factors, mortality, 
and significant morbidity outcomes from an outbreak of CAM 
infections from a multispecialty hospital in India. This is the 
first study reporting on the cumulative survival rates at 1 month 
in CAM and should be helpful to a wide variety of physicians 
who are part of multidisciplinary teams managing this life-
threatening fungal infection post-COVID-19 recovery.
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Commentary: COVID-19‑associated  
mucormycosis: The ongoing battle

Vare et  al. in their manuscript reported the incidence, 
cumulative mortality, and factors affecting the outcome of 
COVID‑19‑associated mucormycosis  (CAM) from western 
India. The reported incidence of CAM in this report, that 
is, 13.6  cases per 1000  cases of moderate‑severe COVID‑19 
infection, is a debatable figure as the paper does not specify 
if the 67 CAM patients belonged to the same pool of the 4910 
COVID‑19 patients treated at the same hospital.

In this series, the minimum follow‑up period was 
1 month, and the mean follow‑up period was 35 ± 2.7 days. 
This follow‑up period is not long enough to draw reliable 
conclusions, and monitoring is needed over longer periods 
of time to know the eventual outcomes. Other events such 
as late sequelae or disease recurrence are seen later on in 
the course of the disease and may be missed if the follow‑up 
period is too short. Mortality rates, recovery rates, and other 
data on factors predicting outcomes cannot be ascertained 
from such short follow‑up periods; especially when the 
recommended duration of medical therapy itself is at least 
6 months.[1]

Transcutaneous retrobulbar amphotericin‑B injection 
(TRAMB) has proven to be a game‑changer in the treatment 
of orbital mucormycosis.[2,3] However, this technique was not 
employed by the authors in the treatment of CAM in their 
patients. It is possible that the rates of orbital exenteration 
amongst CAM patients could have been reduced if TRAMB 
had been instituted in suitable patients early on in the course 
of treatment.

This paper also reports that the cumulative probability of 
death or orbital exenteration was 38% at day 20 of infection. 
Furthermore, it mentions that those who required NIV and 
did not receive amphotericin‑B were at a high risk of these 
outcomes. Requirement of non-invasive ventilation is more 
likely a surrogate measure of the COVID‑19 severity. It is 
alarming to note that there were patients in this cohort who 
despite having a confirmed diagnosis of mucormycosis were 
unable to receive the drug of choice  (amphotericin‑B), most 
likely due to unavailability of the drug. One of the highlights 
of this paper is that it brings forth the mortality and morbidity 
due to CAM when amphotericin‑B was not available. This is 
crucial data that focuses on the need for an emergency stockpile 
of essential drugs such as amphotericin‑B—data that all 
stakeholders and policymakers need to bear in mind to avert 
a potentially avoidable catastrophe in the future.
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