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Abstract. Coronavirus disease 2019 (COVID-19) outbreak firstly occurred in Wuhan, China, and quickly
spread worldwide causing global public health threats. Bacterial and fungal infections are reportedly the
common secondary infections correlated to viral pneumonia and lead to severe complications particularly
in critically ill patients. This complication could lead to an increase in the demands for intensive care, and
consequently increasing the rate of deaths. Despite the importance of these complications, few published
articles reported a secondary infection, in particular those caused by fungi. Secondary infections were
detected in 50% of COVID-19 patients who did not survive.Mucormycosis or called “black fungus”caused by
the fungus mucormycete, significant fungal infection that fundamentally affects individuals who suffer
from health problems or occupy medicines that lower the ability of the body to fight against germs and
ilinesses. So, in this review, we highlighted the currently available articles of secondary fungal infection
related to COVID-19 infected patients. Thus, the current study rises the attention to the importance of
fungal secondary infection, particularly from previously epidemics caused by the virus corona such as
MERS and SARS) —COV diseases.
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Introduction new Coronavirus called 2019-nCoV, the 2019
novel Coronavirus, emerged first in China, Hubei,
Coronaviruses a member of the family Wuhan. On the eleventh of February, the disease
Coronaviridae ( subfamily Coronavirinae , order formally was called as the coronavirus disease
Nidovirales ). This large family of viruses is 2019 (COVID-19) by WHO and confirmed the
characterized by high diversity, enveloped, single- transmission of disease from Human-to-human
stranded and positive-sense RNA. These viruses (16, 17) which occurred in US (18) Germany(19),
are responsible for a range of illnesses in humans and Vietnam(20). COVID-19 reached to 104
and animals with variable severity ranged from countries; 109,343 confirmed infections cases
mild disease including common cold to fatal severe recorded on 9 March 2020 (21).

acute respiratory syndrome (SARS) (1,2,3). In late
2012, a novel coronavirus was firstly diagnosed in e o
the Middle East, which was called Middle East 3 & Coronavirus
Respiratory Syndrome Coronavirus (MERS-CoV), :
resulted at least 50 laboratory-confirmed human
infections (4,5,6). There is a belief that MERS-CoV
virus is an animal origin virus that transmitted
among humans (7). Between 2002 and 2003,
SARS-COV firstly emerged in southern China and
quickly spread around the world (8). In November
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2002, Foshan, Guangdong, China pneumonia and l A
high peak of nosocomial transmission tooke place . o uknown animal
among to health-care workers (9,10). On March Hamed
2003, a new corona virus was proven as the casual l

factor for sever acute respiratory syndrome SARS
and was thus named SARS-COV (11,12,13,14). On 3

the thirtieth of January 2020, a universal public Figure 1. Animal origins of human coronaviruses.
health emergency was stated by the World Health

Organization (WHO) (15) concerning the spread of
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In China, 50 million people had been locked
down (22).To slow down the spread of COVID-19,
Italy also undertook the same procedure (23). All
coronaviruses which get illness to humans
originated from animals bats or rodents. Bats,
civet cats and dromedary camels are responsible
for MERS-CoV and SARS-CoV transmission to
humans. In COVID-19 case, pangolins was thought
to be the responsible resource for the
transmission (Figurel) (37).

Signs and Symptoms

COVID-19 patients mostly had respiratory
symptoms. In all the cases, fever was reported
with cough and primarily dry shortness of breath.
A considerable rate of patients seems to have
gastrointestinal symptoms, including nausea,
vomiting, and diarrhea (38).

COVID-19 Co-Infection with Fungus:

Human fungal infection mainly differs from
other diseases in various ways. Fungal pathogens
are eukaryotic, so arrow many correspondences
with their eukaryotic host cells. Fungi can infect
large types of cells. A sole pathogenic fungus could
infect various host tissues according to the
immunological status of the patients (24,25). Fungi
are not considered as significant pathogens by the
public health official compared with diseases
caused by bacteria, viruses, and protozoa, which
have been known for centuries as urgent public
health problems; for example, influenza, Chagas,
and syphilis (24). However, only in 1980s, invasive
mycoses medically realized as fundamental
pathogens (26, 25). The infections of bacteria or
fungi are represented in common complications
of viral pneumonia, mostly in critically diseases
patients, and result in the increased necessity for
acute care and raised mortality. Bacterial co-
infection in influenza patients was established in
0.5% and 2.5% of hale young and older people
respectively (27, 28). Influenza virus causes
ulceration of the trachea bronchial epithelium,
thus, providing an opportunity for Aspergillus to
cause invasive infection (29). A formal survey
detects that HIN1 patients in 2009 had a bacterial
or fungi infection at a rate of one in four patients
(30). First reported with HIN1 influenza, invasive
pulmonary  aspergillosis(l-P-A) illustrates a
frequent (20-30%) and early complication in
critically ill influenza patients leading to enhanced
iliness severity and mortality rate (40-60%) (31
,32). Influenza-associated aspergillosis (I-A) was
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spotted in each flu season as well as influenza A
and B pneumonia patients (34). The death rate at
patients of severe influenza without I-A was 28%
while in patients with I-A, it was 51% (32).
Moreover, |-A co-infection appeared in patients
who had underlying conditions (31,32). Gram-
negative bacilli and candida were reported to be
the general pathogens, in SARS patients. (33).
Invasive pulmonary aspergillosis (I-P-A) was also
stated as another common  secondary
complication to influenza infection (34). In a study
that carried on a little brown bats
(Myotislucifugus) co-infection, it showed that the
level of (CoV- RNA) in bats co-infected with white-
nose syndrome (WNS) fungus is higher than bats
infected with virus alone with the amount of
(CoV- RNA) related with riskiness of WNS
pathology in co-infected bats (7). A few
information present on fungal and bacterial co-
infection in patients infected with coronavirus
pneumonia, 50% of COVID-19 patients mortality
were having secondary infection (35). Noteworty
here that many factors are affecting the death rate
in patients of COVID-19, viz: age, D-dimer, rate of
organ failure and fungal and/or bacterial co-
infection (35 ,28). Data collected from 27
intensive care unit (ICU ) patients for screening
fungal secondary pneumonia infection in COVID-
19; i.e. the infected patients who experienced
bronchoalveolar lavage or bronchial aspirates,
found that nine patients representing (33%) of
COVID-19 patients were with putative invasive
pulmonary aspergillosis (I-P-A). These patients
were with I-P-A, including six patients confirming
mycological condition and three patients founded
with only Aspergillus fumigates. The current study
represented a high prevalence of fungal co-
infection compared with previous studies that
investigated the fungal co-infection in influenza
admitted patients(36). Theyse studies found that
the putative I|-P-A in one-third of successive
critically ill COVID-19 patients were at a similar
rate to what has been observed in influenza
patients (31,32). Finally, fungal and bacterial co-
infection in COVID-19 patients has not adequately
been researched; we should exploit lessons from
previously epidemic of (SARS-COV) and (MERS).
Mucormycosis:

The atypical features of the new coronavirus
illness (COVID-19) continue to have extraordinary
global effects. The potential of opportunistic
fungal infections, such as pulmonary aspergillosis
and mucormycosis, which accompany viral
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symptoms and may cause mortality by invading
multiple organ systems is highlighted by new cases
of SARS-CoV-2 infection (42).

While India was suffering from the spread of
COVID-19, in second wave a new impendence was
arising called the black fungus or mucormycosis.
The moulds were responsible of the infection
which are present in decaying vegetation and soil.
As spores in the atmosphere, the infection mainly
appear among patients recovered from Covid -19
but they have comorbidities like cancer, diabetes,
heart or kidney failure. Individuals who have
health problems or take medicines that decrease
the resistance of the body against infection .The
weak immunity Covid patients are more
vulnerable to infected with this deadly infection
(40,41)

Figure 2. Mucormycetes ( 40 ).

The Symptoms of Mucormycosis Related to
CoviD-19

In the recovered Covid-19 patient, the black
fungus or mucormycosis started to signs after 2-3
days from clearing begin in the sinus and advance
to the eyes. In the following 24 hours, the black
fungus  will propagation to the brain.
Mucormycosis symptoms vary according to the
development of infection in the body. Unilateral
swelling of the face, sinus inflammation or nasal,
cough, fever as well as the blackish lesions on
nasal bridge blurry vision with double appearing
objects, tissues thrombosis, dermal cells necrosis
and haemoptysis or coughing blood. Fever, chest
pressure, cough, and breath shortness are the
symptoms of lung mucormycosis (40 ,41). Most
mucormycosis patients (59 [74%] of 80 patients)
had rhinoorbital cerebral infection, with extension
into the CNS proven in 22 (37% of 59 individuals).
Patients from India, where 41 (98%) of 42 patients
developed rhino-orbital cerebral infection (with
evidence of cerebral involvement in 11 [27%] of 41
patients), were especially prone to the condition.
Twenty patients representing (25%) had
pulmonary illness, three of whom had
disseminated mucormycosis with involvement of
the sinus (one patient) or CNS (two patients).
Besides, one patient had gastrointestinal
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mucormycosis of the 20 patients with pulmonary
iliness, 18 (90%) had severe or serious COVID-19,
with the majority of these patients (15 [83%] of
18) being admitted to the intensive care unit. Only
four of the 55 patients with rhino-orbital cerebral
disease who had diabetes and rhino-orbital
cerebral mucormycosis had blood sugar levels that
were under control. In contrast, patients with
other clinical manifestations of mucormycosis (20)
with pulmonary and one with gastrointestinal
COVID-19-associated mucormycosis) were less
likely to have diabetes (11 [52%)] of 21, the four of

whom had  well-controlled blood sugar
concentrations (43).

Risk Factors of Mucormycosis

People with uncontrolled diabetes mellitus,

diabetic ketoacidosis, a history of corticosteroid
therapy (44) organ or bone marrow transplants,
other types of metabolic acidosis, neutropenia (45)
elevated serum iron levels (46) deferoxamine or
iron chelation therapy in hemodialysis patients
(47) and malignant hematologic disorders (47) are
at risk. In addition to raising blood glucose levels
that were already high or uncontrolled in
diabetics, steroid usage also caused blood sugar
levels in prediabetic and diabetic individuals to rise
79% of the patients in the study who had diabetes
and a fungus infection at the time of presentation
(42). Increased steroid usage in COVID-19 patients
may help to partly explain the rise in
mucormycosis instances (48, 42).

Tropical and  sub-tropical humid climate
environmental factors additionally, much of India
has high temperatures in the climate. appeared to
be a factor in the frequency of the condition (49).

New risk factors were introduced by the COVID-19
pandemic to the growing mucormycosis epidemic.
A new COVID-19 wave was presently affecting
India, posing difficulties for the nation's healthcare
system. India may have several contributing
factors to its much greater frequency of COVID-19-
induced mucormycosis, including poorly managed
diabetes, excessive corticosteroid usage, potential
antibiotic use and environmental exposure (50).

Treatment of Mucormycosis Associated with
CoVID-19

A timely combination of surgery and antifungal
medication was used to treat COVID-19-associated
mucormycosis. Sinonasal debridement is the most
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common kind of surgery. In their comprehensive
study which examined COVID-19 mucormycosis
patients who died and those who survived,
researchers found a correlation between surgery
and antifungal medication and greater survival
rates (42). With the exception of three individuals,
systemic antifungal medications were employed to
treat mucormycosis. The majority of patients (71
[89%] of 80) received amphotericin B
formulations, while six patients with rhino-orbital
cerebral mucormycosis also received
posaconazole. Five patients received
isavuconazole either as monotherapy, as salvage
treatment, or in combination with amphotericin B
(two patients each) (one patient). In addition, 45
patients (58%) received surgical excision (43 (96%),
of whom 16 who had orbital exenteration, had
rhinoorbital cerebral mucormycosis) (43).

Conclusion

Previous studies have shown that a fungus and a
virus could interact during co-infection and affect
each other; bacterial and fungal secondary
infection could be a decisive agent in the death of

COVID-19 patients who received inadequate
attention.
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