The Unholy ConsortiumBetweenCovid-19andMucormycosisand Identification
of Some Potential Antifungal Herbs: Areview

Abstract:

Background:

There has been a rise alarming in the number of mucormycosis post covid-19
infection. The enigmatic relationship betweenSars COV-2 and Mucormycosisremains
fully understood. So far as the treatment is concerned, mankind is yet to discover a
potent therapeutic drug that could effectively be used to treat this deadly fungal
infection. For ages, mankind hasalways looked toward nature, and perhaps herbals
are the best options in our quest to search foreffective antifungal drugs against the
ruthless and invasive Mucorales.

Methods:

A comprehensive literature search was conducted acrossthe PubMed database,
LILACS, the Cochrane Register of Controlled Trials,Google Scholar and others using
key words Covid-19, Sars Cov-2, Mucormycosis, Rhizopus, vaccine, steroids,
antifungal drugs and herbals. Full texts of the retrieved articles published in English

were accessed.
RESULTS:

A handful of medicinal plants such as SaturejakhuzestanicaJamzad, Thymus
danensis and Thymus carmanicus, Thymus vulgaris L, Lavandula
angustifolia,Mentha piperita and some species of peppersuch as Piper sp., Piper
tuberculatum and P. hispidumhave all shown to have a promising antifungal effect on

Mucorales fungus.
CONCLUSIONS:

Limited knowledge and resources on antifungal (anti-Mucorales) due to lack of
adequate research and clinical studies limits our search to identify potent antifungal
herbs.An intensified research and evaluation for antifungal herbs can boost the
identification, design and development of newer drugs with lesser adverse drug
reactions and better mortality rate.

Keywords:Covid-19, Sars Cov-2, Mucormycosis, Rhizopus, vaccine, steroids,
antifungal drugs, herbals.

Introduction:

Mucormycosis is an Angio invasive disease caused by saprophytic fungi
characterised by extensive angioinvasion that results in vessel thrombosis,
subsequent tissue infarction and necrosis. It is caused by fungi of the Mucorales
order of the class ofZygomycetes(1l). Furbinger first described the diseasenin
Germany in 1876(2).Mucorales fungi are the next commonest pathogen after
aspergillus in patients with haematological malignancy, solid organ transplantation
and haematopoietic stem cell transplantation(3).The major route of transmission
occurs through inhalation of sporangiospores. However, other routes such as direct
Implantation into injured skin, ingestion of spores, contact from contaminated soil
and intravenous transmissions in drug users are some other routes. Usually, nasal
inoculation is followed by rapid progression, extending to neighbouring tissues,
including the orbit, and sometimes to the brain(4).Based onclinical presentations,



mucormycosisis classified accordingly as rhinocerebral, cutaneous, pulmonary,
renal, gastrointestinal and disseminated. Other uncommon, rare forms, such as
peritonitis, renal, endocarditis, osteomyelitis etc.(2)Various studies have
demonstrated that patients with diabetes mellitus, haematological malignancy and
chemotherapy, solid-organ transplant recipients on Immunosuppressive therapy, iron
overload, chronic kidney failures, extensive skin injury, human immunodeficiency
syndrome and prolonged neutropenia are at increased risk of acquiring
mucormycosis(1-4).

There has been an alarming rise and considerable amount of mucormycosis
infection post covid-19 treatment reported across various parts of the
world.However, the exact cause and mechanism of the association between the two
diseases largely remain idiopathic. The study aims to understand the correlation
between the existence of these two diseases.lt is also understood that most drugs
used as antifungal treatments have variousdrawbacks regarding toxicity, efficacy,
and cost. Their frequent use has also led to the development of resistant
strains.Medicinal plants are a rich source of antimicrobial agents and can be used as
antimicrobial remedies. Although extensive research has been done on medicinal
plants and their antifungal properties against many fungal species, studies on the
antifungal properties of medicinal plants for Mucorales remain scarce or limited to
date. The study aims to identify some potential herbals with anti-Mucorales
(antifungal) properties.

Methods:

A comprehensive literature search was conducted across the PubMed
database,LILACS, the Cochrane Register of Controlled Trials, Google Scholar and
others using key words Covid-19, Sars Cov-2, Mucormycosis, Rhizopus, vaccine,
steroids, antifungal drugs and herbals.Full texts of the retrieved articles published in
English wereaccessed.

Mucormycosis postcovid-19 treatment: Associated risk factors

The novel coronavirus disease COVID-19 is a highly contagious viral infection first
reported in Wuhan, China, which subsequently spread worldwide.(5)Despite many
people having recovered from the viral infection,very little is known about possible
clinical sequelae that may persist after the viral infection.A study in Italy found that in
patients who had recovered from COVID-19, 87.4% reported persistence of at least
1 symptom. At 60-day follow-up, (55%) reported three or more symptoms, fatigue
(53%), dyspnoea (43%), joint pain (27%) and chest pain (22%). It is also noted that
COVID-19 was associated with worsened quality of life among 44% of
patients.(6)Among many other complications, there is a spurt of mucormycosis in
recovered and fresh Covid-19 cases reported worldwide. Many studies on
mucormycosishave been published in various journals, unearthing the incidencesand
clinical features of mucormycosis among the post covid-19 recovered population.
These studies and case reports suggest that post covid-19 treatment; the fungal
infection is largely attributed to low immunologicalfunctions, which could be



associated with various predisposingfactors and underlying causes like age,
comorbidities, uncontrolled Diabetes mellitus, post-transplant, malignancy,rampant
use of corticosteroids during the covid-19 infection periodetc.(7-9)

Some of the underlying causes for the covid-19 associated mucormycosis are
enlisted in the table (table 1.1)

Table 1: Most common cause of COVID-19-associated Mucormycosis (CAMCR)

Factors/underlying conditions CAMCR

1 Uncontrolled Diabetes mellitus diabetogenic state” in SARS CoV-2
infection-SARS CoV-2 induces damage
of pancreatic islets, resulting in acute
Diabetes and Diabetic ketoacidosis

2 Immunosuppression by steroids rampant use of
corticosteroids/glucocorticoids leading
to immunosuppression in the patient

3 Prolonged ICU stays immunocompromised patients
withpredisposing factors and longer
duration of ICU stay.

4 Comorbidities Dampening of the immune system -
Diabetes mellitus, Hypertension,
obesity, cardiac disorders, respiratory
disorders, renal disorders

5 Malignancies neutropenia and immunodeficiency
associated with chemotherapy and
post-transplant steroid treatment-

acute lymphoblastic leukaemia (ALL),
acute myeloid leukaemia (AML) and
chronic myeloid leukaemia (CML), bone
marrow transplant (BMT)

6 Post-transplant the nadir of immunosuppression - solid
organ transplant recipients, e.g., lungs

Diabetes mellitus and COVID-19associated Mucormycosis (CAMCR)

While reviewing the published COVID-19-associated mucormycosis (CAMCR) cases
(total of 41), it was found that CAMCR was typically seen in 94% of the patients with
diabetes mellitus, of which 67% were patients with poorly or uncontrolled Diabetes
mellitus. Diabetes mellitus, a "classic" risk factor for mucormycosis, is associated
with increased morbidity and mortality in COVID-19(10). A multicentred
epidemiologic study of COVID-19 disease-associated Mucormycosis (CAM) across
India also found that uncontrolled diabetes mellitus was the most common
underlying disease among CAM and non-CAM patients(11).The"diabetogenic state"
in SARS CoV-2 infection and its severitycould be suggested by the evidence that
SARS CoV-2 induces damage to pancreatic islets, resulting in acute Diabetes and
Diabetic ketoacidosis.These could be supported bythe high expression of
angiotensin-converting enzyme 2 (ACEZ2) receptors in pancreatic islets, along with
increased insulin resistance due to cytokine storm(10)(12).Diabetes mellitus is the



single most common risk factor being reported as prominent underlying predisposed
risk factor for mucormycosis in various studies. Although many other organs and
tissues are also affected, studies have shown that the clinical manifestationis mostly
attributed to rhino-orbital and rhino-orbital-cerebral presentation in Diabetic patients.
There are various studies, reviews and case presentations reported on the linkage of
uncontrolled Diabetes with COVID-19- associated mucormycosis across various
journals which indicates that Diabetes mellitus is a high-risk factor for the infection of
mucormycosis in immunocompromised individuals(6,10)

Immunosuppression by steroids

In the backdrop of this COVID-19 expression, various studies have indicated that
immunocompromised individuals with prolonged systemic corticosteroid use are
more susceptible to mucormycosis. Because of their anti-inflammatory effects,
corticosteroids are commonly used as adjuvant therapy for acute respiratory distress
syndrome. However, it is highly controversial for patients with severe viral
pneumonia infections.(13). Over the past 20 years, case reports and various studies
have indicated the growing number of mucormycosis following Bone marrow
transplants (BMT) and Haematological malignancies (H.M.), which is due to
prolonged treatment of the patients with steroids and immunosuppressive
agents(14). In a comparative study of influenza-associated mucormycosis (IAM)
versus COVID-19 associated mucormycosis (CAM), patients with CAM and IAM
received steroids as adjuvant treatment or for viral pneumonia or underlying medical
conditions. The use of steroids was a prominent risk factor for
developingmucormycosis in 66.7% of patients with viral pneumonia(15).The acute
increase in mucormycosis could be associated with the immunocompromising
effects of corticosteroids andmicroangiopathy in diabetes and possible peripheral
microthrombi in COVID-19. The high incidence of diabetes could further support this
in our population and widespread use of corticosteroids such as Dexamethasone
and methylprednisolone as a treatment intervention for COVID-19. Patients become
more susceptible to secondary infections due to the immunosuppressive nature of
glucocorticoids.(16)

Prolonged ICU stays:

Mucormycosisisa very severe infection that may be acquired in the ICU or, when
acquired elsewhere, require critical care. Infections caused by filamentous fungi,
such as mucormycosis infections, represent a major burden in the ICU. Over the
years,manycases have been diagnosed in the ICU. This could be attributed to the
challenges in diagnosis due to the non-specific signs and symptoms of the condition.
Some characteristic clinical presentation includes progressing necrotising lesions in
the rhino-sinus area, skin, lungs and soft tissues of immunocompetent hosts such as
patients in the ICU. There is a lack of epidemiological data concerning ICU stay, but
gradually mucormycosis is frequently reported as individual case reports or as a
small series in ICUs.A study from one centre found that 37% of mucormycosis cases
were diagnosed in patients treated in the ICU.(17). Despite the latest advances in
ICU standard of care, the global ICU mortality for mucormycosis remained very high,
reaching 71.6%. A French multicentre cohort indicates that the prognosis of



mucormycosis in ICU remained poor, especially in those with haematological
malignancies, older patients with malnutrition, and numerous predisposing
factors(18). These studies suggest immunocompromised patients with various
predisposing factors,healthcare-acquired infections, and excessive or prolonged
overuse of corticosteroids associated with prolonged ICU stay, especially after
COVID-19 infections, could be a major cause ofmucormycosis infections.

Comorbidities and malignancies:

Prevalence of comorbidities and malignancies among the covid-19 infected
population has contributed to the severity and high mortality rate. Various studies
have revealed that common comorbidities such as Diabetes mellitus, Hypertension,
obesity, cardiac disorders, respiratory disorders, renal disorders etc.,have been
found to dampen the immunological functions, leaving the Covid-19 infected person
in more critical condition.(7). A multicentre observational study involving 465
individuals diagnosed with mucormycosis revealed that comorbid illnesses such as
chronic kidney disease 93 (20%), Cardiovascular 67 (14.4%), Pulmonary 30 (6.5%),
Liver disease 24 (5.2%), Neurological 18 (3.9%) were prevalent.(19). There is a rise
in the reported case of mucormycosis among patients with haematological
malignancies (H.M.) such as acute lymphoblastic leukaemia (ALL), acute myeloid
leukaemia (AML) and chronic myeloid leukaemia (CML) and in bone marrow
transplant (BMT) recipients over last two decades.These could be due to
neutropenia and immunodeficiency associated with chemotherapy and post-
transplant steroidtreatment leading to diminished or dampened immune functions in
an individual.(14)The chances of survival increase in cases with better controlled
comorbid conditions. These comorbidities and malignancies greatly affect the
outcome of a patient's infection and mortality.

Post-transplant

Mucorales are angioinvasive and can infect any organ system; however, in solid
organ transplant recipients, the lungs are the predominant site of infection. Post-
transplant of any organs can virtuallyaffect every organ, such as the skin,
gastrointestinal, genitourinary, cardiovascular,and musculoskeletal systems, as well
as infections of surgical wounds.(20). Studies have shown that infection is most
commonly acquired during the nadir of immunosuppression between one- and
sixmonthspost-transplantation.These could be associated with increased
immunosuppression for the treatment of rejection or anti-rejection therapy and
enhanced incidence of fungal infection.(21). Invasive fungal infections (IFIs) occur in
up to almost 20% of recipients of renal transplantation. Among all the Mucorales,
Rhizopus species is the most common, accounting for 35%—73% of cases, followed
by Mucor (13%-37%) and Mycocladus (0%-13%).(20). A recurrent pulmonary
mucormycosis after lobectomy in a non-smoking patient without any known
predisposing risk factors has also been reported in a case study(22).Donor-derived
fungal infection has also been reported in two patients who developed renal
mucormycosis following transplantation of kidneys from the same infected donor
(23).A person with a post-transplant history, either with or without a history of
mucormycosis infection, when infected with SARS COV-2 is more prone to get



afungal infection due to the immunosuppressed conditions. These could result from
prolonged and excessivemmunosuppressive drugs, steroids,
comorbidities,immunosuppressive therapies and other underlying risk factors(24).

Treatment/mitigation of mucormycosis:

The therapeutic approach to mucormycosis is multimodal, includingantifungal
agents, surgical debridement and correction of the underlying predisposing factor of
the disease. The treatment outcome in mucormycosis thus mostly depends on the
influence or correction of underlying metabolic conditionsand immunosuppressive
statesuch as neutrophil recovery in neutropenic patients, steroid tapering in patients
receiving corticosteroids etc.(25).Several other factors such as heterogeneity,
pleiotropic clinical presentation, the multitude of the fungal species, factors related to
surgery (e.g., timing, radicalness),can all contribute to the outcome of the treatment
and management of mucormycosis.(26). Given that cases of mucormycosis infection
in post covid-19 patients are mostly due to the predisposing risk factors associated
with prolonged use of corticosteroids for acute respiratory distress syndrome, the
treatment is critical and challenging.

Primary antifungal therapy for mucormycosis is mostly based on polyene, as
Amphotericin B deoxycholate (AmB) remains the only licensed antifungal agent for
the treatment of mucormycosis.However, lipid formulations of AmB (LFABs) are
significantly less nephrotoxic and can be safely administered at higher doses for a
longer period as compared toAmB, which is recommended against due to substantial
toxicity, but may be the only option in resource-limited settings(27,28)he global
guidelines for diagnosis and management of mucormycosis recommends the first-
line treatment with high-dose liposomal amphotericin B. At the same time,
intravenous isavuconazole and intravenous or delayed-release tablet Posaconazole
are also recommended with moderate strength(28).While some classes of drugs
based on azoles such as fluconazole, itraconazole,isavuconazole,and voriconazole
have been studied, studies suggest that fluconazole and voriconazole are not active
against mucormycosis; however,itraconazole may yield some activity but may not be
superior to Posaconazole(25)(27)(29).Various studies have demonstrated that
Posaconazolecan be used asa salvageoption for patients with mucormycosis who
are intolerant to polyene therapy. Despite dosing for months to years of
administration, it also appears to be a safe alternate drug 27).Adjunctive therapy with
Isavuconazole and Posaconazole, hyperbaric oxygen, andrecombinant cytokines,
granulocyte transfusions can be considered for selected patients.Few studies also
suggest that hyperbaric oxygen could be used as adjuvant therapy in treating
mucormycosis. This is based on the idea that increased oxygen concentration in
tissues may increase neutrophil antifungal activity and the polyenes-inducedputative
oxidative killingmechanism(30).Usually, hyperbaric oxygen therapy is well tolerated
with a low risk of adverse events(31)

Prompt initiation of the treatment plan with amphotericin B and surgery is critical for
successful management ofmucormycosis and has improved the mortality rate
(29).The surgical intervention is essential due to the angio-invasive nature of
mucormycosis agents, which results in extensive thrombosis in the blood vessels,
leading to tissue infarction and necrosis that may impair or hinderthe penetration



ofantifungal agents to the site of infection. Therefore, surgical debridement of
necrotic tissues is essential for completely eradicatingmucormycosis from the
body(27,28,32).

Search Result:

A thorough literature search for antifungal properties against Mucorales was
conducted across the variousdatabase. However, to date,few works areavailable on
antifungals specifically against mucormycosis. A handful of known or identified
herbals with specific antifungal properties against mucormycosis are discussed
below.

Medicinal plants with antifungal properties against Mucorales

It is also understood that most drugs used for antifungal treatments have various
drawbacks regarding toxicity, efficacy, and cost. Teir's frequent use has also led to
the development of resistant strains(33,34).We have identified some plant species
with potential antifungal properties in our study, especially against Mucorales.
Medicinal plantsare a rich source of antimicrobial agents and can be used as
antimicrobial remedies to prevent or treat various fungal infections.A study on
effective medicinal plants on the important fungal strain and diseases suggests that
certain plants exhibitantifungal activities against specific fungal species. The
ethanolic extract of SaturejakhuzestanicaJamzad leaves exhibited antifungal activity
against saprophytic fungi Rhizopus sp. and Mucor sp. with minimal inhibitory
concentration (625-5000 microg/ml). Astudy also found that Thymus danensis and
Thymus carmanicusoils showed an inhibitory effect even at low concentration
(300ul/L) against Rhizopus stolonifera at 600ul/L. Plate assays of the essential oil of
Lavandula angustifolia and Mentha piperitaalso showed that the different
concentrations of essential oils had antifungal activity against Rhizopus
stolonifera.(33).The investigated antifungal activity of the essential oil of Thymus
vulgaris L.,and its constituentthymol and p-cymene against Rhizopus
oryzaeshowthatessential oil and thymol significantly inhibited mycelial development
and germination of sporangiospores. Thus, relatingto their interaction with ergosterol,
the essential oils of Thymus vulgaris and thymol possess strong antifungal activity,
which could be used in the treatment of mucormycosis(34).Another study also
indicates the promisinganti-Rhizopus oryzae activity of Piper sp., Piper tuberculatum
and P. hispidumagainst planktonic cells, biofilm formation, and rhizopuspepsin.
These essential oils possess a promising antifungal activity and could be useful in
formulating adjuvants to limit the growth of R. oryzae(35). Evaluating the antifungal
potential of Syzygiumaromaticum (L.) essential oilagainst some common fungal
pathogens of plants and animals, including Mucor sp., and other fungal species, it
was found that the fungus species were inhibited by the clove oil when tested
through agar well diffusion method. The study concluded with findings that the
antifungal action of clove oil is due to its high eugenol content present in Syzygium
aromaticum (L.)(36). A summary of some medicinal herbs with potential antifungal
(anti Mucorales) properties is enlisted in the table. (Table 1.2)



Plant Parts of plant | action Mucorales

SaturejakhuzestanicaJamzad | leaves inhibitory Rhizopus sp.,
Mucor sp.,
Thymus danensis, | Essential olil inhibitory Rhizopus
Thymuscarmanicus stolonifera
Lavandula angustifolia, | Essential oil fungistatic activity | Rhizopus
Mentha piperita stolonifer
Thymus vulgaris L Essentialoil inhibit ~ mycelial | Rhizopus

development and | oryzae
germination of
sporangiospores

Piper sp., Piper tuberculatum | Essential oils Against Rhizopus
and P. hispidum planktonic cells, | oryzae
biofilm formation
and
rhizopuspepsin
Syzygium aromaticum (L.) Essential oil inhibitory Mucor sp.,
Table 1.2Some medicinal herbs with potential antifungal (anti Mucorales)
properties
Discussion:

The main purpose of this article is to draw the attention of medical and
pharmaceutical researchers to herbal medicine. Identifying new medicinal plants with
strong antifungal properties against Mucorales fungal species could pave the way for
the design and development of newer drugs with more efficacy and fewer side
effects than the existing drugs.

The authors aim to understand the enigmatic relationship between covid-19 and
mucormycosis. There is an alarming rise in deadly fungal infections such as
mucormycosis among the population, especially after COVID-19.Post covid-19
treatment, the fungal infection could be largely attributed to the low immunological
functions associated with various predisposing factors and underlying causes such
as age, comorbidities, uncontrolled Diabetes mellitus, post-transplant, malignancy,
rampant use of corticosteroids during the covid-19 infection period etc.

These unusual associations between the two diseases could be due to multiple
factors;however, diabetes is the single largest known factor for mucormycosis.
Mucormycosis infection is caused by several fungi of the order Mucorales belonging
to the class of Zygomycetes. An active ketone reductase system found in the
Mucorales species such as Rhizopus enables them to thrive in hyperglycaemic or
high glucose and acidotic environment. Studies have also demonstrated that the
serum in healthy individuals could potentially inhibit Rhizopus unlike the serum in
Diabetic ketoacidosis patients, which promotes its growth. These could also be
associated with an impaired glutathione pathway which leads to decreased
phagocytic activity in these patients. (4)

The burden of viral infection and overuse of corticosteroids during the infection
period could dampen the immune system,allowing opportunistic and invasive
fungisuch as Mucorales.Age and immune mechanisms play a significant role during
infection. Various studies have also observed that patients who survived the




infections were mostly younger adults, free from any underlying predispositions such
as Diabetes, Cardiovascular disorders, Renal disorders and other immune
deficiencies etc.

Currently, the options available for treatingmucormycosisare very limited to the
rapidly growing numberof infections. Several studies have also indicated that most
available antifungal drugs have various drawbacks regarding toxicity, efficacy and
cost. Various predisposing risk factors associated with low immune functions and
increased resistance to the currently used antifungal drugs are intensifying the need
for conducting pharmacological investigations to develop new antifungal drugs that
could selectively act on new targets with the least side effects.

Medicinal plants' use to treat various diseases, including infectious diseases such as
mucormycosis, is not new to mankind. A significant number of drugs have been
developed through plants and their derivatives. Although extensive research has
beendone onmedicinal plants and their antifungal properties against many fungal
species, studies on the antifungal properties of medicinal plants for
Mucoralesremainscarce or limited to date. The phytocompounds derived from
various parts of the plants are of great importance in the production of antifungal
drugs.Medicinal plants includeSaturejakhuzestanicaJamzad, Thymus danensis and
Thymus carmanicus, Thymus vulgaris L, Lavandulaangustifolia, and Menthapiperita
have been shown to exhibit interesting antifungal effects against the
Mucorales.Studies have demonstrated that these medicinal herbs can inhibit the
fungal activity of Mucorales such as Rhizopus sp., Mucor sp., Rhizopus stolonifer

and Rhizopus oryzae etc.Some herbals, such as
LavandulaangustifoliaandMenthapiperita, inhibit fungal growth through fungistatic
activity.

Medicinal herbs like Thymus vulgaris Lcould potentially inhibit the
mycelialdevelopment and germination of sporangiospores, whereas the essential oil
extracts of Piper sp., Piper tuberculatum and P. hispidumact against planktonic cells,
biofilm formation, and rhizopuspepsin.Essential oil extracts of Syzygium aromaticum
(L.)are also known to produce an inhibitory effect on the Mucor sp.,

All these medicinal herbs have shown a promising antifungal effect on Mucorales
fungus.Medicinal plants and their derivatives are the potential sources that can lift
the lid on the burden of mucormycosis infections.To this day, hundreds of thousands
of plant species have been studied for their medicinal properties such as
antimicrobial, antifungal, antiparasitic etc. However, many more plants yet remain to
be studied and explored.The limited number of resources available on antifungal
properties of plants against mucormycosis greatly limits our study. Therefore,
understanding the exact mechanism of this herbal and fungal interaction is beyond
the scope of our present work.More evidence on identified plants could allow us to
understand their interaction with these powerful angioinvasive fungus.

Future Directions

Antifungal and anti-Mucorales drugs are still limited in the arsenal of the modern
healthcare system. This has resulted in a higher mortality rate in the affected
population, especially afterthe covid-19 pandemic. Several studies have



demonstrated that plants or herbal medicine can greatly influence and potentially
discover newer drugs. However, very few researches or studies have been
conducted on the anti-Mucorales herbs. Government agencies like the Ministry of
AYUSH, various national and international healthcare institutions, pharmaceutical
industries and FDA, etc., could play a more crucial role by funding various studies
worldwide.ldentifying more herbs or plants with potential antifungal properties
throughhigh-quality research can acceleratethe process of newer drugs discovery.
An adequate number of studies with high methodological qualities, using advanced
and sophisticated techniques in pharmacognosy along with standard RCTs can
boost the pursuit of newer and effective drugs against mucormycosis.

Conclusions:

Multiple factors are responsible for the dampening of the immune system, which
provides an opportunity for invasive Mucorales to attack the patients after a covid-19
infection. Some herbals could be a potential asset in the discovery and development
of newer antifungal drugs. However, extensive and intensified research should be
carried out to identify further, design and develop new and safer antifungal drugs that
can be powerful in treatingmucormycosis.

Abbreviations:

AYUSH- Ayurveda Yoga & Naturopathy Unani, Siddha and Homeopathy
ICU- Intensive Care Unit

FDA- Food and Drug Administration

REFERENCES:

1. Prakash H, Chakrabarti A. Epidemiology of mucormycosis in India. Microorganisms.
2021;9(3):523.

2. Skiada A, Pavleas |, Drogari-Apiranthitou M. Epidemiology and diagnosis of mucormycosis: An
update. Journal of Fungi. 2020;6(4):265.

3. Jeong W, Keighley C, Wolfe R, Lee WL, Slavin MA, Kong DCM, et al. The epidemiology and
clinical manifestations of mucormycosis: a systematic review and meta-analysis of case
reports. Clinical Microbiology and Infection. 2019;25(1):26-34.

4, C.R.CL, E.I. GM,,R.R.G,, EJ.R.R.,, AS. A.C., M.L. F.H., et al. Clinical features and outcome of
mucormycosis. Interdisciplinary Perspectives on Infectious Diseases. 2014;2014:562610.

5. Liu YC, Kuo RL, Shih SR. COVID-19: The first documented coronavirus pandemic in history.
Biomedical Journal. 2020;43(4):328-33.

6. Carfi A, Bernabei R, Landi F. Persistent symptoms in patients after acute COVID-19. Vol. 324,
JAMA - Journal of the American Medical Association. American Medical Association; 2020. p.
603-5.

7. Singh AK, Singh R, Joshi SR, Misra A. Mucormycosis in COVID-19: A systematic review of cases
reported worldwide and in India. Diabetes and Metabolic Syndrome: Clinical Research and
Reviews. 2021 Jul 1 [cited 2021 Aug 19];15(4):102146.



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Raut A, Huy NT. Rising incidence of mucormycosis in patients with COVID-19: another
challenge for India amidst the second wave? The Lancet Respiratory Medicine. 2021 Aug 1
[cited 2021 Aug 19];9(8):e77.

Sen M, Honavar SG, Bansal R, Sengupta S, Rao R, Kim U, 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 J Ophthalmol. 2021 Jul 1;69(7):1670-92.

John TM, Jacob CN, Kontoyiannis DP. When uncontrolled diabetes mellitus and severe covid-
19 converge: The perfect storm for mucormycosis. Journal of Fungi. 2021;7(4):298.

Patel A, Agarwal R, Rudramurthy SM, Shevkani M, Xess |, Sharma R, et al. Multicenter
Epidemiologic Study of Coronavirus Disease-Associated Mucormycosis, India. Emerg Infect
Dis. 2021 Jun 4;27(9):2349-59.

Yang JK, Lin SS, Ji XJ, Guo LM. Binding of SARS coronavirus to its receptor damages islets and
causes acute diabetes. Acta Diabetologica. 2010;47(3):193-9.

Yang J, Yang L, Luo R, Xu J. Corticosteroid administration for viral pneumonia: COVID-19 and
beyond. Clinical Microbiology and Infection. 2020;26(9):1171-7.

Pak J, Tucci VT, Vincent AL, Sadin RL GJ. Mucormycosis in immunochallenged patients. Journal
of Emergencies, Trauma and Shock. 2008;1(2):106-13.

Ahmadikia K, Hashemi SJ, Khodavaisy S, Getso Ml, Alijani N, Badali H, et al. The double-edged
sword of systemic corticosteroid therapy in viral pneumonia: A case report and comparative
review of influenza-associated mucormycosis versus COVID-19 associated mucormycosis.
Mycoses. 2021;64(8):798-808.

Moorthy A, Gaikwad R, Krishna S, Hegde R, Tripathi KK, Kale PG, 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. Journal of Maxillofacial and
Oral Surgery. 2021 Sep 1;20(3):418-25.

M B, Bouza E. Invasive mould infections in the ICU setting: Complexities and solutions.
Journal of Antimicrobial Chemotherapy. 2017 Mar 1;72(suppl_1):i39-47.

Claustre J, Larcher R, Jouve T, Truche AS, Nseir S, Cadiet J, et al. Mucormycosis in intensive
care unit: surgery is a major prognostic factor in patients with hematological malignancy.
Annals of Intensive Care. 2020 Dec 1;10(1):74.

Patel A, Kaur H, Xess I, Michael JS, Savio J, Rudramurthy S, et al. A multicentre observational
study on the epidemiology, risk factors, management and outcomes of mucormycosis in
India. Clinical Microbiology and Infection. 2020 Jul 1;26(7):944.e9-944.¢e15.

Hamdi T, Karthikeyan V, Alangaden GJ. Mucormycosis in a renal transplant recipient: Case
Report and comprehensive review of literature. International Journal of Nephrology.
2014;2014:950643.

Gupta KL, Joshi K, Kohli HS, Jha V, Sakhuja V. Mucormycosis (zygomycosis) of renal allograft.
Vol. 5, Clinical Kidney Journal. Oxford University Press; 2012. p. 502-7.



22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Zhang L, Tian X, Wang P, Zhang H, Feng R. Recurrent pulmonary mucormycosis after
lobectomy in a non-smoking patient without predisposing risk factors. Brazilian Journal of
Infectious Diseases. 2012 Nov;16(6):590-3.

Alexander BD, Schell WA, Siston AM, Rao CY, Bower WA, Balajee SA, et al. Fatal
apophysomyceselegans infection transmitted by deceased donor renal allografts. American
Journal of Transplantation [Internet]. 2010 Sep;10(9):2161-7.

Khatri A, Chang KM, Berlinrut I, Wallach F. Mucormycosis after Coronavirus disease 2019
infection in a heart transplant recipient — Case report and review of literature. Journal of
Medical Mycology. 2021 Jun 1;31(2):101125.

Skiada A, Lass-Floerl C, Klimko N, Ibrahim A, Roilides E, Petrikkos G. Challenges in the
diagnosis and treatment of mucormycosis. Vol. 56, Medical Mycology. Med Mycol; 2018. p.
S93-101.

Kontoyiannis DP, Lewis RE, Lotholary O, Spellberg B, Petrikkos G, Roillides E, et al. Future
directions in mucormycosis research. Clinical Infectious Diseases. 2012 Feb 1;54(SUPPL.
1):S79-85.

Spellberg B, Walsh TJ, Kontoyiannis DP, Edwards JJ, Ibrahim AS. Recent advances in the
management of mucormycosis: from bench to bedside. Vol. 48, Clinical Infectious Diseases.
NIH Public Access; 2009. p. 1743-51.

Cornely OA, Alastruey-lzquierdo A, Arenz D, Chen SCA, Dannaoui E, Hochhegger B, et al.
Global guideline for the diagnosis and management of mucormycosis: an initiative of the
European Confederation of Medical Mycology in cooperation with the Mycoses Study Group
Education and Research Consortium [Internet]. Vol. 19, The Lancet Infectious Diseases.
Lancet Infect Dis; 2019. p. e405-21.

Cornely OA, Arikan-Akdagli S, Dannaoui E, Groll AH, Lagrou K, Chakrabarti A, et al. ESCMID
and ECMM joint clinical guidelines for the diagnosis and management of mucormycosis 2013.
Clinical Microbiology and Infection. 2014;20(S3):5-26.

Skiada A, Lanternier F, Groll AH, Pagano L, Zimmerli S, Herbrecht R, et al. Diagnosis and
treatment of mucormycosis in patients with hematological malignancies: Guidelines from the
3rd European Conference on Infections in Leukemia (ECIL 3). Haematologica. 2013;98(4):492—
504.

Tragiannidis A, Groll AH. Hyperbaric oxygen therapy and other adjunctive treatments for
zygomycosis. Vol. 15, Clinical Microbiology and Infection. ClinMicrobiol Infect; 2009. p. 82-6.

AS FL AH.G,LP,SZ RH,etal. diagnosis and treatment of mucormycosis in patients with
hematological malignancies: guidelines from the 3rd European Conference on Infections in
Leukemia (ECIL 3). Haematologica. 2013 Apr;98(4):492-504.

Sepahvand. A, Ezatpour. B., F.Tarkhan , Mahmoud Bahmani AK and MRK, Razi. Phytotherapy
in fungi and fungal disease: A review of effective medicinal plants on important fungal strains
and diseases. International Journal of Pharmaceutical Sciences and Research.
2017;8(11):4473-95.



34.

35.

36.

Mota KS de L, Pereira F de O, Oliveira WA de, Lima IO, Lima E de O. Antifungal Activity of
Thymus vulgaris L. Essential Qil and Its Constituent Phytochemicals against Rhizopus oryzae:
Interaction with Ergosterol. Molecules. 2012 Dec;17(12):14418.

Almeida CA, Azevedo MMB, Chaves FCM, Roseo De Oliveira M, Rodrigues IA, Bizzo H.R., et al.
Piper essential oils inhibit rhizopusoryzae growth, biofilm formation, and rhizopuspepsin
activity. Canadian Journal of Infectious Diseases and Medical Microbiology.
2018;2018:5295619.

Rana IS, Rana AS, Rajak RC. Evaluation of antifungal activity in essential oil of the Syzygium
aromaticum (L.) by extraction, purification and analysis of its main component eugenol.
Brazilian Journal of Microbiology. 2011;42(4):1269-77



