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ABSTRACT

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection has recently emerged as a
significant risk factor for now frequently reported
severe co-infections in hospitalized and recovering
patients. Microorganisms like bacteria, viruses, and
fungi easily infect a person with weakened immunity.
This article aims to review significant fungal co-
infections associated with coronavirus disease 2019
(COVID-19) in terms of the disease-causing fungus
type, favorable conditions, and associated severity,
and diagnostic and treatment methods. This review
includes the latest publications, based on fungal
superinfections, available in PubMed, Google
Scholar, Elsevier, Europe PMC, and Web of Science
databases. We found that these opportunistic co-
infections are of major concern in patients who are
already under treatment for other diseases or being
treated with immunosuppressant. Events of
superinfections such as aspergillosis, candidiasis,
mucormycosis, and miscellaneous fungal infections
are emerging causes of concern in COVID-19
patients as they increase mortality rates in affected
patients. A combination of effective and timely
prognosis, correct diagnosis, and immediate
treatment with available resources is an effective
strategy to control fungal infections associated with
COVID-19.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) pandemic
caused due to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is nothing less than
Pandora’s Box. Within three months of its first
reported case, the disease was declared a global
pandemic by World Health Organization (WHO) on
March 11, 2020 (Cucinotta and Vanelli, 2020). Since
then, more than 16 billion people were infected, and

3.5 billion people have lost their lives worldwide
(WHO COVID-19 Homepage, 2021). This pandemic
presented a major setback to the overall economy
and healthcare infrastructure across the world.
Another matter of concern is the development of
other health concerns acquired during or after
COVID-19 infection. The major concerns are
psychological effects, microbial co-infections
(Soltani et al., 2021), ICU-acquired infections,
making the situation burdensome and challenging
(W. Song et al., 2021; Soriano et al., 2021).
Unfortunately, these co-infections are challenging to
diagnose (Lai, Wang, and Hsueh, 2020). Although
superinfections or opportunistic infections were not
reported in the earlier phase of the pandemic,
several cases of infections caused by other viruses,
bacteria, and fungi reported in COVID-19 patients of
all age groups were reported later (Lansbury et al.
2020). Furthermore, the frequency of fungal co-
infections is increasing currently and contributes to
severe illness and death cases (G. Song, Liang, and
Liu, 2020; Nori et al., 2021; SciDev.Net, 2021). Some
fungal diseases show symptoms similar to COVID-
19 disease, such as cough, fever, and shortness of
breath (Hoenigl, 2020).

There are millions of fungal species present
everywhere around us. Fungi live outdoors, indoors,
within, and over our bodies. A few hundred species
can make us sick by causing asthma, allergies, skin
and nail rashes, skin infections, brain infections,
blood infections, and lung infections that have
symptoms similar to tuberculosis, pneumonia, and
flu. Most of these infections occur in people with
weakened immune systems due to medical
conditions like an organ transplant, HIV, cancer, and
prevailing medical treatment. It is reported that
patients lacking any immunosuppressive condition
are at low risk of invasive, secondary fungal
infections (Fekkar et al., 2021). SARS-CoV-2
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infection is known to deteriorate the immune system
and hence a definite cause of accompanying fungal
infection cases. SARS-CoV-2 infection dysregulates
the immune system leading to reduced numbers of
cells responsible of adaptive immune system, T
lymphocytes, CD4+T, and CD8+T cells, altering the
innate immunity and increasing chances of acquiring
secondary infections. Studies related with COVID-19
clinical characteristics have reported that patients
show lymphocytopenia (abnormal shortage of
lymphocytes in blood) (Guan et al., 2020) and
thrombocytopenia (low blood platelet count) (Lippi,
Plebani, and Henry, 2020).

Fungal co-infections are rapidly becoming a matter
of concern in COVID-19 patients (Ezeokoli and Pohl,
2020). This paper overviews the different fungal
infections accompanying SARS-CoV-2 infection and
the associated impact on disease burden.

PULMONARY ASPERGILLOSIS

Patients having severe COVID-19 infection often
suffer from acute respiratory distress syndrome
(ARDS). Many patients with ARDS are reported to
get a fungal co-infection called SARS-CoV-2-
associated pulmonary aspergillosis (CAPA), whose
pathogenesis is yet uncertain (Hoenigl 2020).
Aspergillosis is caused by a common mold
Aspergillus, an omnipresent genus of fungus.
Aspergillosis is manifested in the patients through
lung infections, allergic reactions, and infections in
other organs. Most of us are always exposed to this
fungus but reduced and burdened immunity
responses during COVID-19 infection easily led to
fungal infection.

)

The symptoms of aspergillosis are non-specific and
mostly similar to COVID-19, which makes it difficult
to diagnose. Damage caused by SARS-CoV-2
infection interferes in the action of prominent
antifungal medicines used to cure aspergillosis, thus
making treatment difficult (Arastehfar et al., 2020).
Severe COVID-19 infection results in the release of
danger-associated molecular patterns (DAMPS),
which causes infllammatory damage in lung
epithelium giving way to pulmonary aspergillosis
infection. Sometimes, host recognition pathways
required to activate antiviral immunity also cause
increased inflammation favouring fungal infection.
COVID-19 patients receiving immunosuppressive
treatment are more likely to experience life-
threatening situation when infected with Aspergillus

fungus (Machado et al., 2021). In COVID-19
patients, primary pulmonary immunity is already
decreased, allowing fungal spores to grow and
cause inflammation in the airways and finally spread
into the lungs (Kuehn, 2020). Recent studies have
demonstrated that CAPA co-infection may cause
high mortality rates in COVID-19 patients (Lahmer et
al., 2021). Several recent studies have reported
invasive pulmonary aspergillosis as a cause of
concern in infected- and post- COVID-19 patients
(Fekkar et al. 2021; Kakamad et al. 2021). According
to another study, Aspergillus fumigatus was the most
common fungus causing secondary fungal
pulmonary infections (Chong et al., 2021). Fungus
culture and galactomannan test of samples taken
from respiratory ftract are used to diagnose
pulmonary aspergillosis (Verweij et al., 2020). Drugs
belonging to the azole family, such as voriconazole,
are considered the best therapeutic for aspergillosis
(Lai and Yu, 2021). Combating this situation needs
antifungal drugs having better pharmacokinetic and
pharmacodynamic profiles (Mohamed, Rogers, and
Talento, 2020).

MUCORMYCOSIS

Mucormycosis is another severe secondary invasive
fungal infection increasingly reported in patients with
COVID-19 infection (Szarpak, 2021). Mucormycosis
is a rare but severe infection caused by the
filamentous fungus Mucormycetes or Zygomycetes
(Ribes, Vanover-Sams, and Baker, 2000). It was
also known as zygomycosis earlier (Roden et al.,
2005). Mucormycosis does not spread between
people or people and animals; people get the
infection through fungal spores occurring in the
environment. The recent COVID-19 outbreak is
accompanied by an outbreak of mucormycosis, also
known as black fungus disease, infections (Mehta
and Pandey 2020; Revannavar et al. 2021; Sharma
etal. 2021).

Mucormycetes are abundant in the environment and
are primarily found in rotting or decomposing organic
matter, such as decaying food and bread, decaying
fruit and vegetables, rotten wood, rotten leaves,
compost piles, and animal excreta. Other possible
reservoirs are construction sites, contaminated air-
conditioning filters, and contaminated air filled with
fungal spores exhaled by infected humans
(Richardson, 2009). Mucormycosis is known to affect
people who are immunosuppressed, are diabetic,
have undergone organ transplants (Farojov et al.,
2016), or are suffering from blood disorders and

Page | 2


http://www.anveshaejournal.com/

ANVESHA-A Multidisciplinary E-Journal for all Researches
Bi annual, Bi lingual, Peer reviewed, Referred Journal
Available online on: www.anveshaejournal.com

Volume 2, Issue 1, june2021

e-ISSN 2582-6719

ketoacidosis (Lewis and Kontoyiannis, 2013).
Mucormycosis co-infection is a potential reason for
increased fatality in COVID-19 patients (Bhatt et al.,
2021). Immune dysregulation and breach in personal
hygiene in people affected with COVID-19 are the
most likely factors behind the sudden outbreak of
MUCOrmycosis.

Depending upon anatomic localization, this disease
has six major types: (1) rhinocerebral, (2) pulmonary,
(3) gastrointestinal, (4) cutaneous, (5) disseminated,
and (6) uncommon presentations (Petrikkos et al.
2012). Rhinocerebral mucormycosis is a sinus
infection that may spread to the eyes, facial tissues,
and brain later (Sarkar et al., 2021). Rhinocerebral
type is also known as rhino-orbital-cerebral-
mucormycosis (ROCM) (Nithyanandam et al., 2003).
This type of mucormycosis is commonly found in
people who have undergone a kidney transplant
(Song et al., 2017) or have uncontrolled diabetes
(Jacob and Chaney 2016; Gupta, Goyal, and Kaore
2020). Currently, ROCM is of utmost concern in India
(Bala et al., 2015; Sen et al., 2021) and other
countries worldwide.

Pulmonary mucormycosis happens in the lungs and
is one of the most common types of mucormycosis.
Itis mostly observed in patients who have undergone
an organ or a stem cell transplant and people
suffering from cancer (Colovié et al., 2016).
Gastrointestinal mucormycosis is generally found in
young children who have had strong medications like
antibiotics reducing the body’s ability to fight
infections (Francis et al., 2018). Cutaneous
mucormycosis affects the skin and occurs when
fungi enter the body through disrupted skin. This
happens to people even when they do not have any
weakened immune  systems. Disseminated
mucormycosis is the event of infection spread
through the bloodstream affecting other body parts.
The brain is affected maximum in this case; spleen,
heart, and skin being the second most affected
organs.

A health care provider diagnoses mucormycosis in a
patient by evaluating the symptoms shown and a few
diagnostic tests. Often a CT scan of lungs, sinuses,
or other body parts (depending on the location of the
suspected infection) is carried out in conjunction with
affected tissue biopsy, where a small sample of
affected tissue is put through fungal culture and later
analyzed for the presence of fungus. Unfortunately,
common antifungals like fluconazole, voriconazole,
and echinocandins do not work against
mucormycosis. However, antifungal medicines

amphotericin B, posaconazole, and isavuconazole
are effective against mucormycosis (Riley et al.,
2016). Acute cases may need surgical removal or
debridement of affected tissue (Gamaletsou et al.,
2012). Early detection and immediate action using
global guidelines are needed to prevent life-
threatening situations in patients (Cornely et al.,
2019).

CANDIDIASIS

Candida fungal species are a significant cause of
invasive fungal infections in humans, with a high
mortality rate. Candida yeast species are a
significant component of the human mycobiome
(Arendrup, 2013). COVID-19-associated candidiasis
(CAC) is becoming a major concern as a co-infection
with  SARS-CoV-2 infection (Moser et al.,
2021)(Chen et al., 2020). Some Candida species are
always present inside the body or on the skin such
as mouth, gut, throat, and vagina and do not cause
any problem to the human body. However, when
excessive growth of this yeast occurs, it enters our
bloodstream or deep into the body and gives rise to
candidiasis infection in the mouth, gut, throat, or
invasive candidiasis in blood, kidney, heart, brain, or
other internal organs. The challenged and
compromised immune response of the patient’s body
is again the primary cause of infection here
(Arastehfar, Carvalho, Nguyen, et al., 2020).

Many recent publications have reported
Candidemia, a bloodstream infection, in COVID-19
patients (Mastrangelo et al., 2020; Garcia-Vidal et
al., 2021). Candida auris is a resistant species and is
believed to be the major one causing candidiasis in
immunocompromised COVID-19 infected patients
(Dyer, 2020). Some other publications have reported
oropharyngeal candidiasis (Salehi et al., 2020) and
oral candidiasis (Santosh et al., 2021; Santos et al.,
2020) in COVID-19 patients.

Drugs belonging to echinocandins and azoles are
the primary antifungal drugs used to treat
candidiasis. However, more effective drugs need to
be invented for drug-resistant species like Candida
auris and Candida glabrata.

MISCELLANEOUS FUNGAL INFECTIONS

Apart from these major fungal co-infections
described above, there are a few other co-infections
observed in COVID-19 patients in the recent past
(Shah et al., 2020; Goyal et al., 2020). People with
severe disease conditions are more likely to get
fungal infections that usually occur less frequently
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(Rabagliati et al., 2021). One such respiratory
infection is coccidioidomycosis or Valley Fever,
which happens when spores of the fungus
Coccidioides present in dust are inhaled
(www.cdc.gov, 2020). Coccidioides is a dimorphic
fungus dwelling in soil, and its spores spread through
the air, mainly through the dusty environment due to
soil erosion or construction activities. Symptoms like
cough, fatigue, and difficulty in breathing are the
common symptoms of coccidioidomycosis and
COVID-19 (Heaney et al., 2021; Blair et al., 2014).
Coccidioidomycosis causes pulmonary pneumonia;
however, immunocompromised patients may
develop severe pneumonia with added issues
related to soft tissues, bone, joints, and the central
nervous system (Chen et al., 2021)

Acute invasive fungal rhinosinusitis (AIFRS)
(Deutsch, Whittaker, and Prasad, 2019) is another
such  secondary infection  observed in
immunocompromised  patients of COVID-19,
especially those with diabetes, renal, and liver
dysfunction conditions (Ismaiel et al., 2021).

Another study reports a case of histoplasmosis
fungal infection in an immunocompromised COVID-
19 patient (Bertolini et al., 2020). Histoplasmosis
fungal infection is caused by the dimorphic fungus
Histoplasma capsulatum, and is an endemic usually
found in central and south-central United States, and
Latin America. Typical symptoms of this disease
include cough, acute dyspnea, fever, night sweats,
abdominal pain, and diarrhea.

Pneumocystis jirovecii is a fungal pathogen infecting
patients ~ with  defected  T-cell  immunity.
Pneumocystis infection causes pneumonia along
with conditions of fever, headache, dry cough, and
dyspnea. Several cases of Pneumocystis jirovecii
infection have recently been reported in COVID-19
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