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Abstract

Background: During the spread of severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) or the
coronavirus disease 2019 (COVID-19) pandemic in recent times, an upsurge of invasive fungal infections
(TFIs) such as mucormycosis was witnessed by many countries like India. This COVID-19-associated
mucormycosis (CAM) has presented as a menace to the already creaking health infrastructure. Clinical
manifestations, risk factors, and end clinical outcomes varied for every other region/country. The aim of this
study is to delineate and analyze plausible clinical and epidemiological factors and associated predictors of
CAM in suspected patients presenting to a tertiary care hospital in Uttarakhand, India, during the second
wave of COVID-19 in India.

Material and methods: A total of 200 cases of suspected post-COVID-19 mucormycosis were enrolled. Data
were collected taking into account parameters such as hospitalization and ICU admissions during the
episode of COVID-19 infection, steroid/antibiotics/oxygen requirement, and comorbidities such as diabetes
mellitus, hypertension, or any chronic illness and outcome.

Results: Participants diagnosed with CAM using KOH examination and fungal culture were analyzed in the
study (n=46). The median age of patients included was 48, 73.9% were males, and 26% were females. The
major predisposing factor was found to be diabetes mellitus type 2. Our work suggests that the mean
duration between COVID-19 episodes and CAM was 11.86 days with a significant statistical association.
Oxygen requirement and imprudent use of steroids/antibiotics were also allied with mucormycosis.

Conclusion: The burden of such IFIs is expected to be unveiled in tropical countries during pandemics such
as COVID-19, which lead to immunosuppression in masses post-treatment. Comorbidities such as diabetes,
chronic kidney disease, and hypertension add to the risk of acquiring other infectious disease. Such times
require competent healthcare professionals such as diagnosticians, physicians, and surgeons who are skilled
to manage such IFIs timely.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the etiological agent for coronavirus disease
2019 (COVID-19), has been incriminated as a trigger for the emergence of an extensive spectrum of
opportunistic bacterial and fungal infections [1]. During the second wave in early 2021, COVID-19 created
massive havoc across India battering the country’s health infrastructure. Adding woes to the demanding
situation was mucormycosis, an invasive fungal infection frequently labeled as ‘black fungus’ [2,3]. The term
‘black fungus’ is an erroneous term that was glorified by media and by various research bodies confounding
the agents of dematiaceous fungi with those causing mucormycosis [4,5]. The causative agents of care are
the mucormycetes, a group of molds that are angio-invasive, and include genera Rhizopus, Mucor,
Rhizomucor, Cunninghamella, and Absidia [1]. The surge of this fungal infection in post-recovery COVID-19
cases was, to such an extent, that mucormycosis was affirmed as an epidemic in several states of India and a
potentially notifiable disease [3]. The swift dissemination rate and high morbidity and mortality rates caused
by the fungus further led to the deterioration of the already flared-up situation [6,7].

Mucormycosis can be divided into six types based on anatomic location: rhinocerebral, pulmonary,
cutaneous, gastrointestinal, disseminated, and uncommon presentations (endocarditis, osteomyelitis,
peritonitis, and pyelonephritis). The nasal cavity and paranasal sinuses (clinical presentations resemble
those of sinusitis) are involved predominantly, but rapid dissemination to orbital and intracranial sites
particularly in immunocompromised hosts could radically worsen the prognostic outcome [6,7]. Black eschar
formation often can also be visualized in such patients involving the nasal cavity or hard palate, but cannot
be attributed as the sole distinctive criterion [8]. Broad ribbon-like aseptate hyphae (coenocytic mycelia) and
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zygospores seen in microscopic examination are good elementary predictors for the presence of
mucormycetes. Factors primarily deemed responsible and, apparently, that seemed to assist the germination
of Mucorales spores in COVID-19-infected people, were glucocorticoids, low oxygen milieu (hypoxia),
deterioration in glucose levels (diabetes, hyperglycemia), metabolic acidosis, diabetic ketoacidosis,
augmented serum free iron levels (growth and virulence of pathogenic organisms are influenced by
increased ferritin levels), immunosuppression-induced reduction in phagocytosis, lymphopenia caused by
COVID-19 infection, the association of comorbidities, mechanical ventilation, and protracted hospital stay
[1]. Zinc and iron supplements used rampantly for COVID-19 infection were also believed noteworthy in the
causal logarithm of mucormycosis.

The aftermath of the second wave of the COVID-19 pandemic saw a drastic rise in COVID-19-associated
rhino-orbital-cerebral mucormycosis (CAROCM) and pulmonary mucormycosis cases [2,9,10]. The lack of
ICU beds complexed by the constant augmentation of severely sick patients in the hospital, seemingly
deplenishing hospital resources almost everywhere in India, healthcare worker fatigue, and the lack of in-
time diagnostic services added to the mortality rates of post-COVID-19 mucormycosis [2]. Timely diagnosis
plays a vital role in assessing the progress of the disease with prudent microbiological KOH and/or culture,
biopsy, surgical debridement, and management by apposite systemic antifungals enhancing the prognosis
and survival of the patient [11]. This study was undertaken to determine the demographic profile and
associated risk factors, clinical presentations, and the predominant species of order Mucorales that were
incriminated in the study population of our hospital setting.

Materials And Methods

A retrospective observational study was conducted in the Microbiology Department of Shri Guru Ram Rai
Institute of Medical and Health Sciences tertiary care hospital for a period of 18 months from May 2021 till
November 2022. Approval from the Institutional Ethical Committee (IEC) was obtained for this retrospective
study. Since it was a retrospective study, it was exonerated for patient's consent and their names, along with
the hospital ID. Numbers were not revealed to protect their privacy. A separate study ID was assigned for
each case. Analysis of a total of 200 cases of suspected post-COVID-19 mucormycosis was performed during
this study. The inclusion criteria included a) all the cases presenting with nasal and orbital cellulitis,
involvement of nasal bridge and facial skin with blackening, black eschar on nasal or palatine mucosa,
concomitant nasal bleeding, and palatal ulceration; b) patients with ophthalmic presentations such as
proptosis followed by ophthalmoplegia and visual loss; and c) severe presentations such as cerebral
involvement and vascular compromise suggesting invasive mucormycosis. These cases were diagnosed as
coronavirus-positive or had recovered from COVID-19 and were subject to meticulous evaluation by an
otolaryngologist, ophthalmologist, neurosurgeon, and maxillofacial surgeon. Exclusion criteria included
non-COVID patients and HIV patients.

A brief history considering parameters such as hospitalization and ICU requirement during COVID-19
infection, steroid use, requirement for higher generation antibiotics, comorbidities such as diabetes mellitus,
hypertension, and any immunosuppressive illness or use of immunosuppressive drugs was taken. Definitive
mucormycosis was diagnosed in those patients having attributable clinical presentations with concurrent
exhibition of fungi in the tissue or body fluids either by direct microscopy (KOH mount) and/or culture.
Computerized tomography and magnetic resonance imaging (MRI) scan findings to know the extent of the
disease were also taken into consideration during the diagnosis.

Results

A total of 46 participants’ data diagnosed with mucormycosis were analyzed in the study. The median age of
patients included was 48. Of all the patients, 73.9% (34) were males, and 26% (12) were females. A
significant proportion of subjects (i.e., 26 had diabetes mellitus (56.52%), and 14 (30.43%) had hypertension
and chronic kidney disease) was reported in 11 (23.9%) patients. The majority of patients (i.e., 19, 41%)
presented with facial/periorbital/cheek swelling on the face, followed by severe headache in 11 (23.9%),
fever in eight (17.39%), nasal discharge in five (10.86%), and throat pain and cough in three (6.52%).
Numbness on the face and drooping of eyelids were seen in two (4.34%) patients. The mean duration
between COVID-19 episodes and mucormycosis was 11.86 days (Table 7). Outcome analysis shows mortality
in 16 (34.78%) cases, while 30 (65.2%) were discharged with advice to follow up.
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Particulars Number Percentage (%)
Rhizopus 20 76.9
Rhizomucor 3 11.53
Cunninghamella 3 11.53

TABLE 1: Species of mucormycosis agents isolated in culture (total number=26).

The data have been represented as numbers (N) and percentages (%).

All were diagnosed and hospitalized with COVID-19 during the second wave of the pandemic. Based on the
computerized tomography scan severity score (CTSS), the majority (n=43, 93.47%) had moderate-to-severe
COVID-19 pneumonia. Invasive mechanical ventilation was carried out in the majority of subjects (n=29,
63%), and systemic corticosteroids were administered to 40 (i.e., 87% of all patients). About 43% of patients
received one of the two antivirals (i.e., fevipiravir or remdesivir). More than three to four subjects (n=37,
78.7%) received at least one anti-viral medication (remdesivir or favipiravir), and 34 (73.91%) patients
received antibiotics. Only a minority (i.e., seven (15.2%)) received tocilizumab monoclonal antibody (Table
2).

KOH and/or culture  KOH and culture KOH positive, culture  KOH negative, culture KOH negative, culture

positive positive negative positive negative
Number of
! 34 15 19 11 1
cases
Percentage 73.91% 32.60% 41.30% 23.91% 217%

TABLE 2: Comparison of KOH mount with culture findings (n=46).

The data have been represented as numbers (N) and percentages (%).

Out of all 46 patients, 34 (73.91%) were KOH-positive, and 26 (56.52%) were positive in culture (Tables 3, 4).
Figure I shows some of the positive findings in KOH examination and culture.

Culture
KOH Mount Total (%)
Positive Negative
Positive 15 19 34 (73.91%)
Negative 11 1 12 (26.08%)
Total 26 (56.52%) 20 (43.47%) 46

TABLE 3: Comparison of KOH mount with culture findings (n=46).

The data have been represented as numbers (N) and percentages (%).
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Severity of COVID-19 pneumonia on the basis of the CT
severity score

Oxygen support

Steroid use

Antibiotics

Tocilizumab

Favipiravir

Remdesivir

Anticoagulants

Particulars

Mild (<7/25)
Moderate (7-18/25)
Severe (>18)
Mechanical ventilation

Non-invasive respiratory
support

No oxygen needed
Use

Non -usage
Antibiotic use
Antibiotic non-usage
Use

Non-usage

Use

Non-usage

Use

Non-usage

Use

Non-usage

TABLE 4: Severity and management of COVID-19 pneumonia.

Number

36

29

14

40

34

12

39

38

12

34

24

22

Percentage
(%)

6.52
78.2
15.2

63

30.43

6.52
87
13.04
73.91
26.08
15.2
84.7
17.39
82.6
26.08
73.09
52.17

47.82

P value

P=0.025538
(s)

P=0.019036

(s)

P=0.00001
(s)

The data have been represented as numbers (N) and percentages (%). The p value is considered significant at p<0.05. (s)*-significant, (ns)**-non-

significant
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FIGURE 1: A) and B) Direct tissue KOH microscopy findings showing
broad aseptate hyphae and sporangiophores. C) Culture growth of
mucormycosis species with salt and pepper appearance. D)
Lactophenol cotton blue mount of Cunninghamella species.

The image was created by the authors.

Speciation of fungi-causing mucormycosis revealed Rhizopus spp. in 76.9% of cases (Table 5).

Number Percentage
Parameter Particulars P value
(N) (%)
20-30 7 15 -
31-40 10 217 -
Age (in years) n=46 41-50 11 23.9 -
51-60 10 217 -
61-70 8 17.39 -
Male 34 73.9
Gender n=46 P=0.3346 (ns)**
Female 12 26.08
Diabetes mellitus type 2 26 56.52 P=<0.00001 (s)*
) P=0.286174
Hypertension 14 30.43
(ns)
Predisposing factors Chronic kidney disease 11 23.91 P=1.4152 (ns)
Hypothyroidism 4 8.69 -
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Clinical sign and symptoms

Duration between COVID and mucormycosis

Diagnosis of patients
Treatment used for post-COVID
mucormycosis

Treatment used for post-COVID
mucormycosis

Outcome for the patients

Seizure disorder
Malignancy

Facial/periorbital/cheek swelling on
face

pain/redness in eye/blurring of vision
Dyspnoea

Severe headache
Fever

Nasal discharge
Throat pain

cough

Numbness on face
Drooping of eyelid
Altered sensorium
1-10 days

11-20 days

21-30 days

>30 days

KOH positive

Culture positive

Amphoterecin B/posaconazole only

Amphoterecin
B/posaconazole+Surgery

Discharge

19

17

12

1"

27

12

34

26

23

23

30

217

217

41

36.9

26

23.9

17.39

10.86

6.52

6.52

4.34

4.34

4.34

58.69

26.06

3745

217

73.91

56.52

50

50

65.2

P=0.000291 (s)

P=0.000253 (s)

TABLE 5: Baseline characteristics of patients, predisposing factors, and diagnosis of the

patients.

The data have been represented as numbers (N) and percentages (%). The p value is considered significant at p<0.05. (s)*-significant, (ns)**-non-

significant

Discussion

In 2020 during and post the first wave of COVID-19, cases of mucormycosis reported were quite exiguous;
however, the second wave in 2021 led to a multifold rise in cases of mucormycosis [12]. The aftermath of the
COVID-19 second wave in India inundated acute infections, post-infective pneumonia, and a plethora of

opportunistic infections particularly in immunocompromised patients, having comorbidities such as

diabetes mellitus type 2, patients having received high-dose (oral) or intravenous steroids, and even those

on mechanical ventilation [13].

In the current study, 46 cases were evaluated, and it was observed that 34 (73.9%) males were afflicted,

whereas females constituted 12 (26.1%) of the cases showing a male preponderance for the risk of infection.

Shaik et al. and Irfan et al. in their studies have also reported a male preponderance of mucormycosis at 80%
and 60%, respectively [14,15]. The ratio of male to female was 3:1. The mean age of case subjects was 46.45 *
13.46 years, with a range spectrum from 24 to 74 years. The data comprise a significant case population from

post second wave of the COVID-19 pandemic who had either recovered from the disease or were in the
active phase of the disease.

The major predisposing factor was found to be diabetes mellitus type 2 (56.52%), followed by hypertension
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(30.43%) and chronic kidney disease (23.91%) in our study (P value < 0.00001 for diabetes mellitus:
statistical association significant). Concurrent findings have also been reported by Desai et al. (65%) [16] and
Singh et al. (80%) 1], wherein diabetes mellitus was acknowledged as the chief comorbidity contributing
factor. There is augmented expression of glucose regulatory protein 78 (GRP78) in human endothelial cells,
which functions as a receptor for angioinvasion by Mucor spp. glycosylation of transferrin and ferritin
caused by amplified blood glucose levels, causing diminished iron-binding capacity and increased free iron
levels, a perfect platform for the growth of mucorales [1,17-19].

In the current study, facial, periorbital, and cheek involvement was seen in 41% of cases, followed by the
involvement of eyes in 36.9% of the cases. Kumari et al. and Gupta et al. have also reported similar findings;
periorbital involvement in 53% and 65%, respectively [6,20]. The mean duration between COVID-19 and the
occurrence of mucormycosis was found to be 11.8 days+10.06 days in our research work. In congruence to
this, a mean duration of 12 days has also been reported in a study from Pakistan by Irfan et al. and 16 days
by Patel et al. [15,21]. However, a longer duration of 20 and 23 days has been reported by Nihara et al.

and Ismaiel et al. and Janjua et al., respectively [22-24]. Our work suggests a significant statistical
association (p value=0.000291) of the duration between COVID-19 infection and subsequent mucormycosis
incidence. The mean interval of time between the diagnosis of COVID-19 and clinical diagnosis of
mucormycosis infection holds an imperative level of significance for treating clinicians as cautious
watchfulness for the occurrence of mucormycosis, and two to three weeks after abatement of COVID-19
infection is required [25]. During this time, corticosteroid therapy should be rapidly tapered off, and
frequent interaction with patients is necessary to keep blood glucose in control. Oxygen support by
mechanical ventilation and non-invasive respiratory support was required by 90.43% of the case subjects,
which are 63% and 30.43%, respectively. The statistical association between oxygen support and the
occurrence of mucormycosis was found to be significant (p value<0.05) in our study. However, the
substantiation regarding the role of supplemental oxygen during COVID-19 illness and the ensuing
development of COVID-19-associated mucormycosis (CAM) is ambivalent. The present study shows
increased oxygen requirement among CAM cases during the COVID-19 pandemic, which has also been
reported in studies by Patel et al. and Sen et al. [26,27]. In contrast, such an association has been refuted in
studies from Delhi and Pune [28,29]. Unhygienic oxygen delivery practices, increased use of industrial
oxygen during the acute wave, usage of contaminated masks, and frequent use of the same mask on different
patients for prolonged intervals of time have been attributed as discerning factors for the increment of
mucormycosis in COVID-19 patients [30-32].

In this study, 40 (87%) patients diagnosed with mucormycosis were found to have been administered
corticosteroids during their COVID-19 infection (P value was found to be statistically significant < 0.05).
This is in concurrence with the study conducted by Shaik et al. wherein a similar figure of 87% of patients,
who had received steroids during COVID-19, were reported to be suffering from mucormycosis. In yet
another study conducted by Kumari et al. [6,14], 80% of patients with mucormycosis were reported to have
received steroids for COVID-19 infection. Steroids as an important predisposing factor for CAM have been
reported by many other studies from India [1,3,33-37]. The lack of compliance with standard guidelines on
steroid usage for COVID-19 has been attributed as one of the important factors for the aggravation of CAM
during and following the second wave in India, particularly in prediabetic and diabetic patients where
protracted sugar levels in blood resulted in invasive CAM [4,38-41]. Inhibition of phagocytes such as
macrophages and neutrophils and a spike in blood sugar levels by corticosteroids seem to be the most
conceivable reasons for risk association with CAM.

Usage of antibiotics in 34 (73.91%) cases of CAM with a significant statistical association (p value<0.05) was
observed in our research work. Containment of normal bacterial flora by injudicious antibiotic use during
COVID-19 management could be one of the contributing factors for fungus establishment. Concurrent with
our findings, Langford et al. found that the prevalence of antibiotic use was 74.6% in COVID cases [42].
Calderon-Parra et al. in their study reported antibiotic prescriptions in 78.1% of COVID patients, and 34% of
antibiotic prescriptions were found to be inept [43]. Sulis et al. in their study on an interrupted time series
analyses of sales volumes of antibiotics in India have estimated that 216.4 million excess doses of
antibiotics, and 38.0 million excess doses of azithromycin were prescribed/used until the peak of the first
pandemic wave [44].

In this research work, 34 (73.91%) patients were diagnosed as positive by KOH mount wherein broad
aseptate/pauciseptate ribbons such as hyphae with random wide-angle branching, sporangia, and rhizoids
were seen. Direct microscopy by KOH expedites the early diagnosis of mucormycosis, thereby helping the
treating doctors to initiate anti-fungal therapy at the incipient stages of infection [45,46]. Culture positivity
was seen in 56.52% of the cases in this study, and lactophenol cotton blue (LPCB) mounts from the colonies
revealed Rhizopus spp. as the predominant etiological agent in 76.9% (20) of the cases. Rhizomucor spp. and
Cunninghamella spp. each constituted 11.53% (three) of the cases. Hoenigl et al. in their review study from
18 countries on CAM have reported Rhizopus spp. as the most commonly isolated agent from these patients;
Rhizopus arrhizus is the most common species in India [47,48]. Similar observations by Rashbi et al. and
Muthu et al. corroborate our findings for Rhizopus spp. as the predominant species causing CAM in India
[45,49]. Mahalaxmi et al., Rao et al., Sen et al., and Singh et al. have also reported Rhizopus species as the
most common, followed by Mucor, Rhizomucor, Lichtheimia, Cunninghamella, and Absidia in their
respective studies [27,50-52]. High-temperature conditions can be well-tolerated by members of Mucorales;
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therefore, hot, dry summers in India with low humidity provide a perfect platform for the growth of these
fungi, leading to high prevalence in India. Putting into the picture the perfect concoction of
immunosuppression and steroid use during COVID-19, a swaggering increase in mucormycosis cases is no
surprise. Improper handling of suspected samples and preceding antifungal drug usage might explain the
41.3% (19) of KOH-positive and culture-negative samples and 2.17% (1) of KOH-negative and culture-
negative samples [52-54].

The evidence-based line of treatment is based on a combination of antifungals (liposomal amphotericin B; a
dose of 5 mg/kg/day) and aggressive surgical debridement with clear margins if necessary. In the absence of
treatment, mortality is high. Regarding the outcome of patients with CAM, the mortality in CAM patients in
our study was found to be 34.78% (16), whereas for COVID-19 patients without this fungal infection, the
mortality was 11.68%, and the statistical association was found to be significant (p value=0.00025).
Watanabe et al. in their study also observed that patients who developed CAM had poorer outcomes than the
patients without CAM, though the factors determining a contributory relationship yet remain to be
established [3,55].

Finally, there were certain limitations to this study as we did not have a control group, and the strength of
the association of many other confounding factors remains to be ascertained. The number of proven
mucormycosis cases was limited, and the cases were selected from an assorted population (having a variety
of predisposing factors and numerous sites of involvement). Therefore, it was quite intricate to chart out the
conclusions from each and every clinical presentation. Additionally, some patients included in our study had
received prior COVID-19 treatment before they were admitted to our hospital. Hence, vital information
regarding the risk factors could have been omitted, although we tried our best to include those subjects for
this study whose comprehensive information was available.

Conclusions

To summarize, CAM was found to have a strong association with host predisposing factors such as diabetes
mellitus, steroid prescription, injudicious antibiotic use, and oxygen support. These risk factors were
potentially unveiled as curtain raisers in gaining an insight into the causative cycle of a spike in
mucormycosis cases post-second wave, wherein fungi such as Rhizopus and Mucor gained predominance as
etiological agents of CAM. Apposite treatment and preventive goals targeting these risk factors evolved to be
the prospective intervention areas for averting the ensuing mucormycosis infections post-COVID-19.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Shri Guru Ram Rai
Institute of Medical and Health Sciences issued approval IEC/22/19. Approval from the Institutional Ethical
Committee (IEC) was obtained for this retrospective study. Animal subjects: All authors have confirmed
that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the
ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References

1. Singh AK, Singh R, Joshi SR, Misra A: Mucormycosis in COVID-19: a systematic review of cases reported
worldwide and in India. Diabetes Metab Syndr. 2021, 15:102146. 10.1016/j.dsx.2021.05.019

2. Aranjani JM, Manuel A, Abdul Razack HI, Mathew ST: COVID-19-associated mucormycosis: evidence-based
critical review of an emerging infection burden during the pandemic's second wave in India. PLoS Negl Trop
Dis. 2021, 15:e0009921. 10.1371/journal.pntd.0009921

3. Bhatia M: The rise of mucormycosis in Covid-19 patients in India . Expert Rev Anti Infect Ther. 2022,
20:137-8. 10.1080/14787210.2021.1960822

4. Ponnaiah M, Ganesan S, Bhatnagar T, et al.: Hyperglycemia and steroid use increase the risk of rhino-
orbito-cerebral mucormycosis regardless of COVID-19 hospitalization: case-control study, India. PLoS One.
2022, 17:e0272042. 10.1371/journal.pone.0272042

5.  Rudrabhatla PK, Reghukumar A, Thomas SV: Mucormycosis in COVID-19 patients: predisposing factors,
prevention and management. Acta Neurol Belg. 2022, 122:273-80. 10.1007/s13760-021-01840-w

6. Kumari A, Rao NP, Patnaik U, et al.: Management outcomes of mucormycosis in COVID-19 patients: a
preliminary report from a tertiary care hospital. Med ] Armed Forces India. 2021, 77:5289-95.
10.1016/j.mjafi.2021.06.009

7.  Werthman-Ehrenreich A: Mucormycosis with orbital compartment syndrome in a patient with COVID-19 .
Am ] Emerg Med. 2021, 42:264.e5-e8. 10.1016/j.ajem.2020.09.032

8. Sharma S, Grover M, Bhargava S, Samdani S, Kataria T: Post coronavirus disease mucormycosis: a deadly
addition to the pandemic spectrum. J Laryngol Otol. 2021, 135:442-7. 10.1017/50022215121000992

9. Kapoor S, Saidha PK, Gupta A, Saini U, Satya S: COVID-19 associated mucormycosis with newly diagnosed

2023 Raina et al. Cureus 15(10): e47358. DOI 10.7759/cureus.47358 8 of 10


javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1016/j.dsx.2021.05.019
https://dx.doi.org/10.1016/j.dsx.2021.05.019
https://dx.doi.org/10.1371/journal.pntd.0009921
https://dx.doi.org/10.1371/journal.pntd.0009921
https://dx.doi.org/10.1080/14787210.2021.1960822
https://dx.doi.org/10.1080/14787210.2021.1960822
https://dx.doi.org/10.1371/journal.pone.0272042
https://dx.doi.org/10.1371/journal.pone.0272042
https://dx.doi.org/10.1007/s13760-021-01840-w
https://dx.doi.org/10.1007/s13760-021-01840-w
https://dx.doi.org/10.1016/j.mjafi.2021.06.009
https://dx.doi.org/10.1016/j.mjafi.2021.06.009
https://dx.doi.org/10.1016/j.ajem.2020.09.032
https://dx.doi.org/10.1016/j.ajem.2020.09.032
https://dx.doi.org/10.1017/S0022215121000992
https://dx.doi.org/10.1017/S0022215121000992
https://dx.doi.org/10.1055/s-0042-1748927

Cureus

10.

11.

12.

13.

14.

15.

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

diabetes mellitus in young males - a tertiary care experience. Int Arch Otorhinolaryngol. 2022, 26:e470-7.
10.1055/s-0042-1748927

Scharmann U, Herbstreit F, Steckel NK, Dedy J, Buer J, Rath PM, Verhasselt HL: Prevalence of COVID-19
associated mucormycosis in a German tertiary care hospital. ] Fungi (Basel). 2022, 8:307.

10.3390/j0f8030307

Walia S, Bhaisare V, Rawat P, et al.: COVID-19-associated mucormycosis: preliminary report from a tertiary
eye care centre. Indian ] Ophthalmol. 2021, 69:3685-9. 10.4103/ijo.1JO_2085 21

Singh A, Gupta A: Surviving mucormycosis: impact on psychological well-being and quality of life . Acta
Scientific Otolaryngology. 2021, 3:90-2.

Singh S, Basera P, Anand A, Ozair A: COVID-19-associated mucormycosis in a tertiary care hospital in India:

a case series. Cureus. 2022, 14:€27906. 10.7759/cureus.27906

Shaik N, Bollam A, Konduri G, Sekhar AV: Post- COVID mucormycosis: a retrospective observational study .
Indian ] Respir Care. 2022, 11:230-3. 10.4103/ijrc.ijrc_26 22

Irfan A, Kamran AH, Ammar M, Rahman SU: Frequency and survival of Covid associated mucormycosis
patients at tertiary care hospitals in Pakistan: a retrospective observational study. Health Sci Rep. 2023,
6:1083. 10.1002/hsr2.1083

Desai EJ, Pandya A, Upadhya I, Patel T, Banerjee S, Jain V: Epidemiology, clinical features and management
of rhino orbital mucormycosis in post COVID 19 patients. Indian ] Otolaryngol Head Neck Surg. 2022,
74:103-7.10.1007/s12070-021-02807-2

Liu M, Spellberg B, Phan QT, et al.: The endothelial cell receptor GRP78 is required for mucormycosis
pathogenesis in diabetic mice. J Clin Invest. 2010, 120:1914-24. 10.1172/]Cl42164

Gebremariam T, Liu M, Luo G, et al.: CotH3 mediates fungal invasion of host cells during mucormycosis.. |
Clin Invest. 2014, 124:237-50. 10.1172/JC171349

Chandra S, Rawal R: The surge in Covid related mucormycosis . | Infect. 2021, 83:381-412.
10.1016/j.jinf.2021.06.008

Gupta DP, Gupta S, Shah CK, Sreevidya SR: Clinical study of surge of mucormycosis in COVID-19 pandemic:
a tertiary care center study. Indian ] Otolaryngol Head Neck Surg. 2022, 74:3455-62. 10.1007/s12070-021-
02784-6

Patel M, Panchal |, Desai C, Shah J, Prajapati B, Patel S: Emergence of cerebral mucormycosis in the post-
COVID period: a detailed analysis of risk factors, clinical progression, and management of this opportunistic
fungal infection. Cureus. 2022, 14:e31220. 10.7759/cureus.31220

Nehara HR, Puri I, Singhal V, Th S, Bishnoi BR, Sirohi P: Rhinocerebral mucormycosis in COVID-19 patient
with diabetes a deadly trio: case series from the north-western part of India. Indian ] Med Microbiol. 2021,
39:380-3. 10.1016/j.ijmmb.2021.05.009

Ismaiel WF, Abdelazim MH, Eldsoky I, Ibrahim AA, Alsobky ME, Zafan E, Hasan A: The impact of COVID-19
outbreak on the incidence of acute invasive fungal rhinosinusitis. Am ] Otolaryngol. 2021, 42:103080.
10.1016/j.amjoto0.2021.103080

Janjua OS, Shaikh MS, Fareed MA, Qureshi SM, Khan MI, Hashem D, Zafar MS: Dental and oral
manifestations of COVID-19 related mucormycosis: diagnoses, management strategies and outcomes. |
Fungi (Basel). 2021, 8:44. 10.3390/j0f8010044

Gupta R, Kesavadev |, Krishnan G, et al.: COVID-19 associated mucormycosis: a descriptive multisite study
from India. Diabetes Metab Syndr. 2021, 15:102322. 10.1016/j.dsx.2021.102322

Patel A, Agarwal R, Rudramurthy SM, et al.: Multicenter epidemiologic study of coronavirus disease-
associated mucormycosis, India. Emerg Infect Dis. 2021, 27:2349-59. 10.3201/eid2709.210934

Sen M, Honavar SG, Bansal R, et al.: Epidemiology,clinical profile, management, and outcome of COVID-19-
associated rhino-orbital-cerebral mucormycosis in 2826 patients in India—Collaborative OPAI-IJO Study on
Mucormycosis in COVID-19 (COSMIC), Report 1. Indian ] Ophthalmol. 2021, 69:1670-92.
10.4103/ijo.1JO_1565 21

Arora U, Priyadarshi M, Katiyar V, et al.: Risk factors for coronavirus disease-associated mucormycosis . |
Infect. 2022, 84:383-90. 10.1016/j.jinf.2021.12.039

Gupta D, Kulkarni R, Pujari S, Mulay A: COVID-19 associated mucormycosis: a case-control study . medRxiv.

2021, 081621262109:10.1101/2021.08.16.21262109

Bhogireddy R, Krishnamurthy V, Jabaris S SL, Pullaiah CP, Manohar S: Is mucormycosis an inevitable
complication of Covid-19 in India?. Braz J Infect Dis. 2021, 25:101597. 10.1016/j.bjid.2021.101597

Rahman FI, Islam MR, Bhuiyan MA: Mucormycosis or black fungus infection is a new scare in South Asian
countries during the COVID-19 pandemic: associated risk factors and preventive measures. ] Med Virol.
2021, 93:6447-8. 10.1002/jmv.27207

Banerjee M, Pal R, Bhadada SK: Intercepting the deadly trinity of mucormycosis, diabetes and COVID-19 in
India. Postgrad Med J. 2022, 98:e108-9. 10.1136/postgradmed;j-2021-140537

Moorthy A, Gaikwad R, Krishna S, et al.: SARS-CoV-2, uncontrolled diabetes and corticosteroids-an unholy
trinity in invasive fungal infections of the maxillofacial region? A retrospective, multi-centric analysis. ]
Maxillofac Oral Surg. 2021, 20:418-25. 10.1007/s12663-021-01532-1

Placik DA, Taylor WL, Wnuk NM: Bronchopleural fistula development in the setting of novel therapies for
acute respiratory distress syndrome in SARS-CoV-2 pneumonia. Radiol Case Rep. 2020, 15:2378-81.
10.1016/j.radcr.2020.09.026

Waizel-Haiat S, Guerrero-Paz JA, Sanchez-Hurtado L, Calleja-Alarcon S, Romero-Gutierrez L: A case of fatal
rhino-orbital mucormycosis associated with new onset diabetic ketoacidosis and COVID-19. Cureus. 2021,
13:e13163. 10.7759/cureus.13163

Mishra Y, Prashar M, Sharma D, Akash, Kumar VP, Tilak TV: Diabetes, COVID 19 and mucormycosis:
clinical spectrum and outcome in a tertiary care medical center in Western India. Diabetes Metab Syndr.
2021, 15:102196. 10.1016/j.dsx.2021.102196

Vaezi A, Moazeni M, Rahimi MT, de Hoog S, Badali H: Mucormycosis in Iran: a systematic review . Mycoses.
2016, 59:402-15. 10.1111/myc.12474

Jeong W, Keighley C, Wolfe R, Lee WL, Slavin MA, Kong DC, Chen SC: The epidemiology and clinical

2023 Raina et al. Cureus 15(10): e47358. DOI 10.7759/cureus.47358

90of 10


https://dx.doi.org/10.1055/s-0042-1748927
https://dx.doi.org/10.3390/jof8030307
https://dx.doi.org/10.3390/jof8030307
https://dx.doi.org/10.4103/ijo.IJO_2085_21
https://dx.doi.org/10.4103/ijo.IJO_2085_21
https://actascientific.com/ASOL/pdf/ASOL-03-0285.pdf
https://dx.doi.org/10.7759/cureus.27906
https://dx.doi.org/10.7759/cureus.27906
https://dx.doi.org/10.4103/ijrc.ijrc_26_22
https://dx.doi.org/10.4103/ijrc.ijrc_26_22
https://dx.doi.org/10.1002/hsr2.1083
https://dx.doi.org/10.1002/hsr2.1083
https://dx.doi.org/10.1007/s12070-021-02807-2
https://dx.doi.org/10.1007/s12070-021-02807-2
https://dx.doi.org/10.1172/JCI42164
https://dx.doi.org/10.1172/JCI42164
https://dx.doi.org/10.1172/JCI71349
https://dx.doi.org/10.1172/JCI71349
https://dx.doi.org/10.1016/j.jinf.2021.06.008
https://dx.doi.org/10.1016/j.jinf.2021.06.008
https://dx.doi.org/10.1007/s12070-021-02784-6
https://dx.doi.org/10.1007/s12070-021-02784-6
https://dx.doi.org/10.7759/cureus.31220
https://dx.doi.org/10.7759/cureus.31220
https://dx.doi.org/10.1016/j.ijmmb.2021.05.009
https://dx.doi.org/10.1016/j.ijmmb.2021.05.009
https://dx.doi.org/10.1016/j.amjoto.2021.103080
https://dx.doi.org/10.1016/j.amjoto.2021.103080
https://dx.doi.org/10.3390/jof8010044
https://dx.doi.org/10.3390/jof8010044
https://dx.doi.org/10.1016/j.dsx.2021.102322
https://dx.doi.org/10.1016/j.dsx.2021.102322
https://dx.doi.org/10.3201/eid2709.210934
https://dx.doi.org/10.3201/eid2709.210934
https://dx.doi.org/10.4103/ijo.IJO_1565_21
https://dx.doi.org/10.4103/ijo.IJO_1565_21
https://dx.doi.org/10.1016/j.jinf.2021.12.039
https://dx.doi.org/10.1016/j.jinf.2021.12.039
https://dx.doi.org/10.1101/2021.08.16.21262109
https://dx.doi.org/10.1101/2021.08.16.21262109
https://dx.doi.org/10.1016/j.bjid.2021.101597
https://dx.doi.org/10.1016/j.bjid.2021.101597
https://dx.doi.org/10.1002/jmv.27207
https://dx.doi.org/10.1002/jmv.27207
https://dx.doi.org/10.1136/postgradmedj-2021-140537
https://dx.doi.org/10.1136/postgradmedj-2021-140537
https://dx.doi.org/10.1007/s12663-021-01532-1
https://dx.doi.org/10.1007/s12663-021-01532-1
https://dx.doi.org/10.1016/j.radcr.2020.09.026
https://dx.doi.org/10.1016/j.radcr.2020.09.026
https://dx.doi.org/10.7759/cureus.13163
https://dx.doi.org/10.7759/cureus.13163
https://dx.doi.org/10.1016/j.dsx.2021.102196
https://dx.doi.org/10.1016/j.dsx.2021.102196
https://dx.doi.org/10.1111/myc.12474
https://dx.doi.org/10.1111/myc.12474
https://dx.doi.org/10.1016/j.cmi.2018.07.011

Cureus

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

manifestations of mucormycosis: a systematic review and meta-analysis of case reports. Clin Microbiol
Infect. 2019, 25:26-34. 10.1016/j.cmi.2018.07.011

Annane D, Pastores SM, Arlt W, et al.: Critical illness-related corticosteroid insufficiency (circi): a narrative
review from a multispecialty task force of the Society of Critical Care Medicine (SCCM) and the European
Society of Intensive Care Medicine (ESICM). Intensive Care Med. 2017, 43:1781-92. 10.1007/s00134-017-
4914-x

Hartnett KP, Jackson BR, Perkins KM, et al.: A guide to investigating suspected outbreaks of mucormycosis
in healthcare. | Fungi (Basel). 2019, 5:69. 10.3390/jof5030069

Gadre A, Enbiale W, Andersen LK, Coates SJ: The effects of climate change on fungal diseases with
cutaneous manifestations: a report from the International Society of Dermatology Climate Change
Committee. ] Clim Change Health. 2022, 6:100156. 10.1016/j.joclim.2022.100156

Langford BJ, So M, Raybardhan S, et al.: Antibiotic prescribing in patients with COVID-19: rapid review and
meta-analysis. Clin Microbiol Infect. 2021, 27:520-31. 10.1016/j.cmi.2020.12.018

Calderdn-Parra ], Muifio-Miguez A, Bendala-Estrada AD, et al.: Inappropriate antibiotic use in the COVID-
19 era: factors associated with inappropriate prescribing and secondary complications. Analysis of the
registry SEMI-COVID. PLoS One. 2021, 16:e0251340. 10.1371/journal.pone.0251340

Sulis G, Batomen B, Kotwani A, Pai M, Gandra S: Sales of antibiotics and hydroxychloroquine in India during
the COVID-19 epidemic: an interrupted time series analysis. PLoS Med. 2021, 18:e1003682.
10.1371/journal.pmed.1003682

Rashbi K S, Ali TM, Deepthi ND, Saranya KS, Payyappilly R]: COVID-19-associated mucormycosis: case
series from a tertiary care hospital in South India. Access Microbiol. 2022, 4:acmi000360.
10.1099/acmi.0.000360

Mohanty A, Gupta P, Arathi K, et al.: Evaluation of direct examination, culture, and histopathology in the
diagnosis of mucormycosis: reiterating the role of Koh mount for early diagnosis. Cureus. 2021, 13:e19455.
10.7759/cureus.19455

Hoenigl M, Seidel D, Carvalho A, et al.: The emergence of COVID-19 associated mucormycosis: a review of
cases from 18 countries. Lancet Microbe. 2022, 3:e543-52. 10.1016/S2666-5247(21)00237-8

Prakash H, Chakrabarti A: Global epidemiology of mucormycosis. | Fungi (Basel). 2019, 5:26.
10.3390/j0f5010026

Muthu V, Rudramurthy SM, Chakrabarti A, Agarwal R: Epidemiology and pathophysiology of COVID-19-
associated mucormycosis: India versus the rest of the world. Mycopathologia. 2021, 186:739-54.
10.1007/s11046-021-00584-8

Mahalaxmi I, Jayaramayya K, Venkatesan D, et al.: Mucormycosis: an opportunistic pathogen during
COVID-19. Environ Res. 2021, 201:111643. 10.1016/j.envres.2021.111643

Rao VU, Arakeri G, Madikeri G, Shah A, Oeppen RS, Brennan PA: COVID-19 associated mucormycosis (CAM)
in India: a formidable challenge. Br | Oral Maxillofac Surg. 2021, 59:1095-8. 10.1016/j.bjoms.2021.06.013
Sen M, Lahane S, Lahane TP, Parekh R, Honavar SG: Mucor in a viral land: a tale of two pathogens . Indian |
Ophthalmol. 2021, 69:244-52. 10.4103/ijo.1JO 3774 20

Kumar M, Sarma DK, Shubham §, et al.: Mucormycosis in COVID-19 pandemic: risk factors and linkages .
Curr Res Microb Sci. 2021, 2:100057. 10.1016/j.crmicr.2021.100057

Balushi AA, Ajmi AA, Sinani QA, et al.: COVID-19-associated mucormycosis: an opportunistic fungal
infection. A case series and review. Int | Infect Dis. 2022, 121:203-10. 10.1016/].ijid.2022.05.005

Watanabe A, So M, Mitaka H, et al.: Clinical features and mortality of COVID-19-associated mucormycosis: a
systematic review and meta-analysis. Mycopathologia. 2022, 187:271-89. 10.1007/s11046-022-00627-8

2023 Raina et al. Cureus 15(10): e47358. DOI 10.7759/cureus.47358

10 of 10


https://dx.doi.org/10.1016/j.cmi.2018.07.011
https://dx.doi.org/10.1007/s00134-017-4914-x
https://dx.doi.org/10.1007/s00134-017-4914-x
https://dx.doi.org/10.3390/jof5030069
https://dx.doi.org/10.3390/jof5030069
https://dx.doi.org/10.1016/j.joclim.2022.100156
https://dx.doi.org/10.1016/j.joclim.2022.100156
https://dx.doi.org/10.1016/j.cmi.2020.12.018
https://dx.doi.org/10.1016/j.cmi.2020.12.018
https://dx.doi.org/10.1371/journal.pone.0251340
https://dx.doi.org/10.1371/journal.pone.0251340
https://dx.doi.org/10.1371/journal.pmed.1003682
https://dx.doi.org/10.1371/journal.pmed.1003682
https://dx.doi.org/10.1099/acmi.0.000360
https://dx.doi.org/10.1099/acmi.0.000360
https://dx.doi.org/10.7759/cureus.19455
https://dx.doi.org/10.7759/cureus.19455
https://dx.doi.org/10.1016/S2666-5247(21)00237-8
https://dx.doi.org/10.1016/S2666-5247(21)00237-8
https://dx.doi.org/10.3390/jof5010026
https://dx.doi.org/10.3390/jof5010026
https://dx.doi.org/10.1007/s11046-021-00584-8
https://dx.doi.org/10.1007/s11046-021-00584-8
https://dx.doi.org/10.1016/j.envres.2021.111643
https://dx.doi.org/10.1016/j.envres.2021.111643
https://dx.doi.org/10.1016/j.bjoms.2021.06.013
https://dx.doi.org/10.1016/j.bjoms.2021.06.013
https://dx.doi.org/10.4103/ijo.IJO_3774_20
https://dx.doi.org/10.4103/ijo.IJO_3774_20
https://dx.doi.org/10.1016/j.crmicr.2021.100057
https://dx.doi.org/10.1016/j.crmicr.2021.100057
https://dx.doi.org/10.1016/j.ijid.2022.05.005
https://dx.doi.org/10.1016/j.ijid.2022.05.005
https://dx.doi.org/10.1007/s11046-022-00627-8
https://dx.doi.org/10.1007/s11046-022-00627-8

	The Second COVID-19 Wave Is a Tsunami With Aftershocks: Mucormycosis Ire as Seen in a Tertiary Care Hospital in Uttarakhand, India
	Abstract
	Introduction
	Materials And Methods
	Results
	TABLE 1: Species of mucormycosis agents isolated in culture (total number=26).
	TABLE 2: Comparison of KOH mount with culture findings (n=46).
	TABLE 3: Comparison of KOH mount with culture findings (n=46).
	TABLE 4: Severity and management of COVID-19 pneumonia.
	FIGURE 1: A) and B) Direct tissue KOH microscopy findings showing broad aseptate hyphae and sporangiophores. C) Culture growth of mucormycosis species with salt and pepper appearance. D) Lactophenol cotton blue mount of Cunninghamella species.
	TABLE 5: Baseline characteristics of patients, predisposing factors, and diagnosis of the patients.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


