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ABSTRACT

Recently in 2019, a global pandemic that originated from Wuhan, China, has imposed serious threat to population
all over the globe. This COVID outbreak has taken lives of many and is still a major reason of worry. Though the
symptoms of the disease are very similar to flu and includes cough, fever, sore throat and shortness of breath, but
all these may infect the lungs severely, costing the lives of the patients. A more recent finding has shown that there
are other opportunistic fungal and bacterial infections, affecting the COVID positive patients. One of them studied
is about Mucormycosis, black fungus infection. The clinical symptoms of this fungal infection include blackening
of skin, ulcers, blurring of vision, necrosis, and many more. This review presents the pathophysiology and clinical
pathogenesis of Mucormycosis, implications and risk factors involved in the fungal infection, and its clinical
diagnosis. This review also confers about the treatment and preventive measures involved for Mucormycosis.
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1. INTRODUCTION

1.1 COVID 19

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a novel coronavirus, which causes severe
pneumonia was discovered in Wuhan, China in
December 2019 and since then it has been a threat to
global health with a fatality rate of 2.3%.%2 It made its
way to human host cell from the seafood market of
Huanan, China.®! The signs and symptoms vary
according to the severity of the infection and particularly
occur after 2 to 14 days of exposure, with some common
ones being fever, cough, fatigue and/or shortness of
breath.[**!

Coronaviruses are generally large single stranded
positive RNAs enclosed in an envelope. They are
spherical virions having a core shell and solar corona like
surface projections (Latin: corona=crown).®! Out of the
four subfamilies namely alpha-, beta-, gamma-, and
delta-; only alpha- and beta- are known to affect
mammals.™ It is detected by two types of laboratory
studies: Molecular test; which mainly includes RT-PCR
(Real time reverse transcriptase polymerase chain
reaction) and Serological test; which includes ELISA and
CDC (Enzyme linked immunosorbent assay and Human
cell division cycle).[%™ The presence of lymphopenia and
high cytokine levels act as potential biomarkers for
disease development, therefore improving these two and
reducing inflammation can be used to treat COVID-19
patients.!®

SPIKE (9)
RNA VIRAL NUCLEOCAPSID (N)
GENOME
MEMBRANE (M)

ENVELOPE (E)

Fig. 1: Structure of COVID.

1.2 BLACK FUNGUS and COVID -19

Black fungus infection, also known as Mucormycosis,
causing blackening effect on the skin, is seen to be a
major reason of death nowadays, especially in COVID
patients with a mortality rate being approximately
50%.° 1 It belongs to the class zygomycetes and is
caused by Rhizopus."*>* It is commonly seen in diabetic
patients, as they have poorly controlled blood sugar, and
affects the eye of these patients, often leading to a
serious condition in which surgeons have to remove the
eye.l%  This fungus takes the advantage of
immunocompromised condition of the patients and hence
is an opportunistic disease.' The clinical symptoms of
the fungal infection include Pulmonary Mucormycosis,
Disseminated Mucormycosis, Rhino Orbital
Mucormycosis, and also affects some major organs of
our body. 121
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Post COVID infection, some patients are observed to be
infected by this deadly fungus whose plausible causes
are found to be respiratory disorders, nosocomial
infection, diabetes mellitus, significant immune
suppression and systemic immune system alteration. 57
A further susceptibility to fungal infection is also by
cytokine hyperproduction and breakdown of immunity
mediated by cell.’®*®) Symptoms of black fungus
infection noted in patients with stuffy and nosebleeds,
eye inflammation, drooping eyelids, and if the condition
worsen it may even lead to death of patients, especially
those diagnosed with diabetes mellitus and a weak
immune system.'! Scientists are still conducting further
studies to know all about Mucormycosis and why is it
affecting COVID patients.”
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Fig. 2: Structure of Mucormycosis.

2. Clinical Pathogenesis

Mucorales, the main causative agents that are responsible
for Mucormyecosis, penetrates into the respiratory tract
by the route of inhalation of airborne spores,
percutaneous inoculation or ingestion.”*%!  This
fulminant invasive fungal infection majorly occurs in
immunocompromised patients having conditions such as
uncontrolled diabetes, renal failure, organ transplant,
long-term corticosteroid, cirrhosis and AIDS.* When
these spores reach lungs, they are encountered by
mononuclear and polynuclear phagocytes, which kill the
Mucorales by generation of oxidation metabolites and
the cationic peptides defensins in a healthy host.” But
due to phagocyte dysfunction in  severely
immunocompromised and neutropenic patients, there is a
delayed movement of phagocytes at the site of action,
making them more prone to develop the disease.”*%!
This leads to impaired chemotaxis and defective
intracellular Kkilling by both oxidative and non-oxidative
mechanisms.?® When these spores reach blood vessels,
they cause hyphal invasion resulting in a combination of

haemorrhage, thrombosis, infarction and necrosis of
tissue. But the proclivity of fungi for these vasculatures
is still unknown.”Y The fungus can also spread to
cerebral and orbital tissues, though it may take a long
time to develop the infection.!*”

3. Implications and Risk Factors Involved

As reported by Kalal et al, patients infected with black
fungus infection visit the hospital with a complaint of
redness and pain near the eye and nose, which may also
be associated with vomiting, fever and shortness of
breath.’?®! Since it is an opportunistic disease that occur
due to administration of immunosuppressants, nowadays
given to COVID patients, it has caused a major concern
in the entire country because of its susce[ptibility to
overpower the body’s defence system. 29301 Thjs
infection generally affects the eye, but is also seen to
affect the central nervous system, gastrointestinal tract
and respiratory tract.?®2** Symptoms that occur as a
result of the infection includes sinusitis, loosening of
teeth, blackness over bridge of nose, blurred or double
vision, thrombosis, necrosis and many more.”®! Although
the infection is rare, but it is nhow seen among COVID
patients in Intensive Care Units (ICU), with a history of
diabetes mellitus, which is an accelerating cause of
worsening of the fungal infection. 2" Other risk factors
involved in the development of black fungus includes
patients taking high doses of steroids, receiving
anticancer treatment and patients on oxygen who
required nasal prongs.l*>3!

Mucormycosis also affects the skin, leading to skin
infections that include blisters and ulcers, turning the
affected region black with redness and swelling in the
infected wound.?”*4 Pulmonary Mucormycosis, a term
related to the condition when black fungus affects the
respiratory tract and harm the lungs, results in nose
bleeds, nasal obstruction, loss of face feeling, cough,
fever and chest discomfort.®**! It is extremely difficult
to prevent Mucormycosis, as the fungus is ubiquitous in
nature and enters the body by inhalation of spores, so it
becomes important to treat the infection at an early stage,
especially in COVID patients because of their weakened
immune system.['3%31 |f |eft untreated, it may lead to
death of patients, so removing of eye is sometimes
carried out by surgeons to save the life of patients.*=

4. Diagnosis

a) Clinical Presentation

As the primary site of inoculation of fungus is the nose
and paranasal sinuses, the early signs are marked with
facial numbness, pain or swelling in maxillary and facial
region, dark coloured nasal discharge and/or nasal
stuffiness.®! Pleuritic pain in neutropenic host, which
may signify an angioinvasive filamentous fungus and
Diplopia in diabetic patients are some early
manifestations of sino-orbital Mucormycosis.* A list of
signs and symptoms proposed by Corzo-leon et al to
diagnose rhino-cerebral Mucormycosis in diabetic
patients that must be considered as ‘red flags’ includes
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diplopia, sinus pain, proptosis, periorbital swelling,
cranial nerve palsy, orbital apex syndrome, tissue
necrosis and ulcers of palate.”*) Unfortunately, many
people present after the disease has progressed into
cranial vault which leads to blindness, lethargy, seizures
and ultimately death.[**?

b) Radiological Features

Radiographic techniques include Positron emission
tomography — computed tomography (PET/CT) of brain,
orbital and paranasal sinuses with fluorodeoxyglucose
that assists in the diagnosis and management of
Mucormycosis.***1  Most common  being the
rhinosinusitis by radiological diagnosis, followed by
orbital extension and intracranial invasion.*! Pulmonary
Mucormycosis is generally detected by CT scans in
which characteristic reverse halo sign (RHS) is
considered as an indicator the fungal infection.

c) Microscopical and Histopathological Procedures

For rapid diagnosis of the fungal infection, we generally
use direct microscopy (wet mount method) of the
infected tissue with fluorescent brighteners, though

diagnosis through this method is not so accurate.[*!

Different species of black fungus can be identified by
microscopical examination after tissue biopsies.[**]
Microbiological samples are generally taken from active
lesions and grown on any carbohydrate substrate, where
we can see the development of colonies within 24-48
hours, as the]y help in the definitive diagnosis of the
infection.[**”) Whereas histopathological diagnosis of
Mucormycosis include biopsies of affected tissues and
bronchopulmonary lavages.!*"!

d) DNA Based Diagnosis

It is very difficult to detect the presence of pathogenic
fungus in the human body, hence a DNA based detection
of Mucormycosis is considered to be a reliable approach
as it requires the identification of different regions of 18S
and 28S rDNA and is considered a first line detection of
Mucorales."*®! Nowadays a rapid molecular diagnosis
of the infection is done by PCR assays.™ Other
molecular methods of detection of the fungi include
nested PCR, gPCR, and restriction fragment length
polymorphism analysis.[*”?

S. No. | Diagnostic Method Salient Features

It involves the identification of morphological changes such as blackening of

1. Clinical Presentation . . . . [42]
skin, pain and swelling near eyes and nose, and visual loss.
2. Radiological Features | This includes detection by PET/CT scans.™>™
3. Microscopy Direct Microscopy and Fluorescent direct Microscopy.*”
4 Histopathology and These techniques include tissue biopsies and culturing of tissue in carbohydrate
Microbiology medium.”!

. Molecular Techni .
5 olecular Techniques involved 18201

DNA based diagnosis and PCR techniques are the common methods

. Treatment and Preventive Measures

e Treatment for Mucormycosis must be fast and
aggressive due to the fact that by the time a
presumptive diagnosis is made, the patient has
suffered significant irreversible tissue damage.*”!

o We follow a multimodal therapeutic approach for
Mucormycosis which include antifungals, surgical
debridement and controlling the underlying
condition which might predispose the patient to the
disease.l>

e The main drug used in antifungal therapy is
amphotericin - B (5-10mg/kg/day) which has
significant in-vitro activity against zygomycetes and
has been successfully used with its lipid
formulations to treat Mucormycosis.*"*%

e Controlling the blood sugar levels during covid-19
with or without steroids is an important preventive
measure. If steroid use is required, it must be used
judiciously with correct time, correct dose and
correct duration.?®

e Another alternative to amphotericin B as a first line
treatment of Mucormycosis is Isavuconazole, which
is a recently developed triazole which wide
spectrum antifungal.*®

e Salvage therapy options for patients with
Mucormycosis who are intolerant to polyene therapy

includes Posaconazole or Deferasirox. Deferasirox
should be used cautiously at a dose 20mg/kg/d for 2-
4 weeks with regular monitoring of renal and hepatic
functions.>!

e Many immunosuppressants like  tofacitinib,
Barcitinib, bevacizumab and Itolizumab that are
being used for severe covid-19 can be a possible risk
factor and hence must be used judiciously with strict
clinical monitoring.®®

e A constant check should be kept on patients to
detect risk factors like diabetes ketoacidosis (DKA),
acidosis, hypoxia and leukopenia and necessary
steps should be taken to keep then in control.*®!

e The humidifier bottle should be refilled, sterilised
with normal saline and replaced at regular intervals
for the patients using oxygen concentrator.[*!

e The use of immunomodulating drugs should be

discontinued.?®

Surgical removal of the necrotic tissue along with

the surrounding infected healthy-looking tissues

must be done when needed and possible.**"

CONCLUSION

A pandemic that emerged during 2019, still continues to
be a major reason of death all over the globe. From this
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review, we can conclude that COVID-19 has led to the
evolution of many opportunistic fungal and bacterial
infections, in which Mucormycosis is the most serious
one. The black fungus infection is most recently
observed in COVID patients, especially those who have
a history of diabetes mellitus and are on life support. It is
a major result of decreased immunity in the patients who
are administered with immunosuppressants and steroids
to treat the disease. It should also be noted that
Mucormycosis is not an infection that can be avoided
and left untreated, as it may worsen the condition of the
patient and eventually taking his life. So, we can say that
an immediate treatment is a need for the infected patients
and should not be overlooked.

Abbreviations
COVID -19 — Coronavirus Disease of 2019
SARS-CoV-2 — Severe Acute Respiratory Syndrome
Coronavirus-2
ELISA — Enzyme linked immunosorbent assay
CDC — Cell division cycle
ICU — Intensive care units
PET/CT — Positron emission tomography — computed
tomography
PCR — Polymerase chain reaction
DNA — Deoxyribonucleic acid

REFERENCES

1. Yuki K, Fujiogi M, Koutsogiannaki S. COVID-19
pathophysiology: A review. Vol. 215, Clinical
Immunology. Academic Press Inc., 2020.

2. Ciotti M, Ciccozzi M, Terrinoni A, Jiang WC, Wang
C bin, Bernardini S. The COVID-19 pandemic.
Critical Reviews in Clinical Laboratory Sciences.
Taylor and Francis Ltd., 2020; 365-88.

3. Velavan TP, Meyer CG. The COVID-19 epidemic.
Vol. 25, Tropical Medicine and International Health.
Blackwell Publishing Ltd, 2020; 278-80.

4. Sheikhi K, Shirzadfar H, Sheikhi M. A Review on
Novel  Coronavirus  (Covid-19):  Symptoms,
Transmission and Diagnosis Tests, 2020; 2(1): 1-8.
Available from:
http://dx.doi.org/10.33702/ridtm.2020.2.1.

5. Tian S, Hu N, Lou J, Chen K, Kang X, Xiang Z, et
al. Characteristics of COVID-19 infection in
Beijing. Journal of Infection, 2020 Apr 1; 80(4):
401-6.

6. Vandenberg O, Martiny D, Rochas O, van Belkum
A, Kozlakidis Z. Considerations for diagnostic
COVID-19 tests. Vol. 19, Nature Reviews
Microbiology. Nature Research, 2021; 171-83.

7. Yadav AR, Mohite SK. A Review on Novel
Coronavirus (COVID-19).

8. YanglL, LiuS, LiuJ, Zhang Z, Wan X, Huang B, et
al. COVID-19: immunopathogenesis and
Immunotherapeutics. Vol. 5, Signal Transduction
and Targeted Therapy. Springer Nature, 2020.

9. Rahman FI, Islam MR, Bhuiyan MA. Mucormycosis
or black fungus infection is a new scare in South
Asian countries during the COVID-19 pandemic:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Associated risk factors and preventive measures.
Vol. 93, Journal of Medical Virology. John Wiley
and Sons Inc, 2021; 6447-8.

Bernal JL, Andrews N, Gower C, Robertson C,
Stowe J, Tessier E, et al. Effectiveness of the Pfizer-
BioNTech and Oxford-AstraZeneca vaccines on
covid-19 related symptoms, hospital admissions, and
mortality in older adults in England: Test negative
case-control study. The BMJ., 2021 May 13; 373.
Rahman MT, Hossain MG, Rahman AMMT, Huq
AKMM, Farzana S, Nazir KHMNH. Mucormycosis
(black fungus) in COVID-19 patients Will it be
another matter of concern in the midst of the
COVID-19 flare-up in Bangladesh? Vol. 8, Journal
of Advanced Veterinary and Animal Research.
Network for the Veterinarians of Bangladesh, 2021,
367-9.

Singh K, Kumar S, Shastri S, Sudershan A,
Mansotra V. Black fungus immunosuppressive
epidemic with Covid-19 associated mucormycosis
(zygomycosis): a clinical and diagnostic perspective
from India. Immunogenetics, 2021.

Dell’adulto. Livio Pagano Massimo Offidani Luana
Fianchi Annamaria Nosari Anna Candoni Marco
Picardi Laura Corvatta Domenico D’antonio
Corrado Girmenia Pietro Martino Albano Del
Favero For The Gimema (Gruppo Italiano Malattie
Ematologiche. Vol. 89, haematological, 2004.
Binder U, Maurer E, Lass-Flérl C. Mucormycosis -
from the pathogens to the disease. Vol. 20, Clinical
Microbiology and Infection. Elsevier B.V., 2014;
60-6.

Prakash H, Chakrabarti A. Global epidemiology of
mucormycosis. Journal of Fungi, 2019 Mar 1; 5(1).
Pushparaj K, Kuchi Bhotla H, Arumugam VA,
Pappusamy M, Easwaran M, Liu WC, et al.
Mucormycosis (black fungus) ensuing COVID-19
and comorbidity meets - Magnifying global
pandemic grieve and catastrophe begins. Vol. 805,
Science of the Total Environment. Elsevier B.V.,
2022.

Thakar A, Lal D. “Black fungus”: a perspective on
the coronavirus disease 2019 (COVID-19)-
associated rhino-orbital mucormycosis epidemic in
India. International Forum of Allergy and
Rhinology, 2021 Aug 1; 11(8): 1278-9.

Petrikkos G, Skiada A, Lortholary O, Roilides E,
Walsh TJ, Kontoyiannis DP. Epidemiology and
clinical manifestations of mucormycosis. Clinical
Infectious Diseases, 2012 Feb 1; 54(SUPPL. 1).

Wf E, Fikry W. Clinics of Oncology The Black
Fungus is One of the Bad Consequences of COVID
19 * Corresponding author: Citation.

Ma J, Jia R, Li J, Liu Y, Li VY, Lin P, et al.
Retrospective clinical study of eighty-one cases of
intracranial mucormycosis. Journal of Global
Infectious Diseases, 2015 Oct 1; 7(4): 143-50.
Sugar AM. S | 26 Mucormycosis [Internet].
Available from: https://academic.oup.com
[cid/article/14/Supplement_1/S126/365932, 1992.

Www.wjpmr.com | Vol 8, Issue 3, 2022.

1SO 9001:2015 Certified Journal | 122




Akshat et al.

World Journal of Pharmaceutical and Medical Research

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Jain S, Pandey A, Verma R, Batra V, Gupta S,
Nadeswari G. Mucormycosis its Pathophysiology,
Presentation, and Management-A Novel Perspective.
Vol. 1, International Journal of Medical and Dental
Research.

Bhadra A, Ahmed MS, Rahman MA, Islam S.
Mucormyecosis or black fungus: An emerging threat
in COVID-19. Bangabandhu Sheikh Mujib Medical
University Journal, 2021 Jul 7; 51-6.

Afroze SN, Korlepara R, Rao GV, Madala J.
Mucormycosis in a diabetic patient: A case report
with an insight into its pathophysiology.
Contemporary Clinical Dentistry, 2017 Oct 1; 8(4):
662-6.

Garg E, Dave A, Khurana C, Arora M, Rai R.
Mucormycosis: The Black Fungus-An Insidious
Killer [Internet]. Vol. 25., 2021. Available from:
http://annalsofrscb.ro

Ibrahim AS, Spellberg B, Walsh TJ, Kontoyiannis
DP. Pathogenesis of mucormycosis. Clinical
Infectious Diseases, 2012 Feb 1; 54(SUPPL. 1).
Allag AA, Kamok HME a, Sidik NJ, Abdul-Aziz A,
Abdulrazzaq Al, Agha HM, et al. The link between
black fungus and Covid-19 disease in diabetes
mellitus patients. Biomedical Research and Therapy,
2021 Nov 29; 8(11): 4689-4469.

Kalal N, Rana N. Review Black Fungus as an
Epidemic Triggers in Covid-19 Patient’s: A New
Challenges in India. Available from:
https://www.researchgate.net/publication/353367367

Bari MS, Hossain MJ, Akhter S, Emran TB. Delta
variant and black fungal invasion: A bidirectional
assault might worsen the massive second/third
stream of COVID-19 outbreak in South-Asia.
Ethics, Medicine and Public Health, 2021 Dec; 19:
100722.

Assistant M, Auluck A. Maxillary necrosis by
mucormycosis. A case report and literature review
Ajit Auluck.

Groteld R van. Overview of Importance of COVID-
19 Black Fungus Corresponding Author*. Vol. 06,
Medical Reports and Case Studies, 2021.

Chouhan AS, Parihar B, Rathod B, Prajapat R.
Overuse of Steroid Drugs Methylprednisolone and
Dexamethasone (Oral) Causes a Diabetic Patient to
Become Infected with the Black Fungus in the
Corona Virus, 2021.

Dyer O. Covid-19: India sees record deaths as
“black fungus” spreads fear. Available from:
www.who.int/publications/m/item/weekly-
epidemiological-update-on-covid-19-11-may-2021.
Semwal M, Rautela A, Joshi D, et al. Black Fungus
(Mucormycosis) A Rare Fungal Infection.

Lee FYW, Sherif, Mossad B, Adal KA. Pulmonary
Mucormycosis The Last 30 Years [Internet]. Vol.
159, Arch Intern Med. Available from: www.ama-
assn.org/internal, 1999.

Al-Khikani F. Mucormycosis “Black Fungus” new
challenge associated with COVID 19. Vol. 5,

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

Biomedical and Biotechnology Research Journal.
Wolters Kluwer Medknow Publications, 2021;
267-71.

Karanth M, Taniere P, Barraclough J, Murray JA. A
rare presentation of zygomycosis (mucormycosis)
and review of the literature. Vol. 58, Journal of
Clinical Pathology, 2005; 879-81.

Kumar M, Sarma DK, Shubham S, Kumawat M,
Verma V, Singh B, et al. Mucormycosis in COVID-
19 pandemic: Risk factors and linkages. Current
Research in Microbial Sciences, 2021 Dec; 2:
100057.

Rakesh Dhiman C, Vimal Arora B, Col Kotwal LN.
Rehabilitation of a rhinocerebral mucormycosis
patient [Internet]. The Journal of Indian
Prosthodontic  Society, 2007. Available from:
http://www:.j-ips.org.

Sanghvi D, Kale H. Imaging of COVID-19-
associated craniofacial mucormycosis: a black and
white review of the “black fungus.” Vol. 76, Clinical
Radiology. W.B. Saunders Ltd, 2021; 812-9.

Walsh TJ, Skiada A, Cornely OA, Roilides E,
Ibrahim A, Zaoutis T, et al. Development of new
strategies for early diagnosis of mucormycosis from
bench to bedside. Mycoses, 2014 Dec 1; 57(s3):
2-17.

Rawlani SS, Siddiqui A, Reza M, Chelkar S, Roy

TR, Bhatia HK. IIMADR Black Fungus
Mucormycosis, Epidemiology, Etiopathogenesis,
Clinical Diagnosis, Histopathology and its

Management-A Review. Vol. 1, International
Journal of Medical and Dental Research.
Ramaswami A, Sahu AK, Kumar A, Suresh S, Nair
A, Gupta D, et al. COVID-19-associated
mucormycosis  presenting to the Emergency
Department—an observational study of 70 patients.
QJM: An International Journal of Medicine, 2021
Nov 5; 114(7): 464-70.

Choudhary NK, Jain AK, Soni R, Gahlot N.
Mucormycosis: A deadly black fungus infection
among COVID-19 patients in India. Vol. 12,
Clinical Epidemiology and Global Health. Elsevier
B.V., 2021.

Chowdhary A, Meis JF, Guarro J, de Hoog GS,
Kathuria S, Arendrup MC, et al. ESCMID and
ECMM joint clinical guidelines for the diagnosis
and management of systemic phaeohyphomycosis:
Diseases caused by black fungi. Clinical
Microbiology and Infection, 2014; 20(S3): 47-75.
Nosari A, Oreste P,Montillo M, etal. Mucormycosis
in hematologic malignancies: an emerging fungal
infection.

Islam MT, Parvin M, Nasir M. Mucormycosis (the
black fungus) during COVID-19 pandemic: growing
concerns of immunosuppressive therapy and
uncontrolled diabetes mellitus. International Journal
Of Community Medicine And Public Health, 2021
Jul 27; 8(8): 4067.

www.wjpmr.com |

Vol 8, Issue 3, 2022.

1SO 9001:2015 Certified Journal | 123




Akshat et al.

World Journal of Pharmaceutical and Medical Research

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Divakar PK. Fungal taxa responsible for
mucormycosis/“black fungus” among covid-19
patients in india. Journal of Fungi, 2021 Aug 1; 7(8).
Butola M, Ale Y, Chhabra A, Singh A. Different
Complication of Black Fungus and Its Treatment: A
Review [Internet]. Vol. 25., 2021. Available from:
http://annalsofrscb.ro

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 Apr; 98(4):
492-504.

Prabhu RM, Patel R. Mucormycosis and
entomophthoramycosis: a review of the clinical
manifestations, diagnosis and treatment.

Kumar S, Chandran S, Mohanty A, Jha M. Black
fungus: Possible causes of surge in cases in the
second pandemic in India. Journal of Family
Medicine and Primary Care., 2021; 10(11): 4322.
Skiada A, Lass-Floerl C, Klimko N, lbrahim A,
Roilides E, Petrikkos G. Challenges in the diagnosis
and treatment of mucormycosis. Vol. 56, Medical
Mycology. Oxford University Press, 2018; S93-101.
Spellberg B, lbrahim AS. Recent advances in the
treatment of mucormycosis. Vol. 12, Current
Infectious Disease Reports, 2010; 423-9.

Ish P, Ish S. Prevention of mucormycosis in
COVID-19 - The need of the hour. Vol. 69, Indian
Journal of Ophthalmology. Wolters Kluwer
Medknow Publications, 2021; 1969.

Rudrabhatla PK, Reghukumar A, Thomas S v.
Mucormycosis in COVID-19 patients: predisposing
factors, prevention and management. Acta
Neurologica Belgica, 2021 Nov 24.

Sharma A, Kumar Verma S. Black Fungus
“Pandemic With In the Pandemic” [Internet].
Available  from:  https://www.theguardian.com
/world/2021/may/21/mucormycosis-black-fungus-
disease-linked-covid-spreads-india.

WWW.Wjpmr.com Vol 8, Issue 3, 2022.

1SO 9001:2015 Certified Journal

124




