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Abstract

Purpose of Review Severe-acute respiratory coronavirus 2 (SARS-CoV-2) causing corona virus disease 2019 (COVID-19)
has been the single most important pathogen driving health care delivery system for the last one and half years. Now, as the
time is passing, many issues related to co-infections/secondary infections/superinfections in COVID-19 patients are emerg-
ing. The literature is getting enriched everyday by addition of reports from all over the world for the same. The purpose of
this review is to decipher the plethora of fungal infections in COVID-19.

Recent Findings COVID-19 infection along with it brought many risk factors namely lung injury, immunosuppression,
need for oxygen therapy, monoclonal antibodies, steroid therapy, etc. which are known predisposing factors for fungal infec-
tions. Rather the extent and severity of fungal pathogens has been so much that it has led to new terminologies like CAC
(COVID-19-associated Candida), CAPA (COVID-19-associated pulmonary aspergillosis) and CAM (COVID-19-associated
mucormycosis). There is increase in invasiveness of Candida, prevalence of aspergillosis in COVID-19 damaged lung and
outbreak of mucormycosis in COVID-19 patients resulting in “double trouble,” keeping laboratory personnel, clinicians,
and intensivists on their toes in managing these patients.

Summary Awareness and understanding regarding these possible complications is necessary to decrease the morbidity and
mortality among patients. The COVID-19 and fungal coinfections may bring more insight into ways of pathogenesis of fungal
infections, need for better antifungal agents, quick diagnostic modalities, and better management policies in the near future.

Keywords Corona virus disease 2019 (COVID-19) - Severe-acute respiratory coronavirus 2 - Fungal coinfection - COVID-
19-associated Candida - COVID-19-associated pulmonary aspergillosis - COVID-19-associated mucormycosis

The clinical spectrum of SARS-CoV-2 infection has a wide
range from being asymptomatic/pre-symptomatic to having
mild, moderate, severe, or critical illness [3]. Severe ill-
ness is defined by an SpO2 < 94% on room air at sea level,
a ratio of arterial partial pressure of oxygen to fraction of

Introduction

The World Health Organization (WHO) for the sixth time
declared severe-acute respiratory coronavirus 2 (SARS-
CoV-2) a public health emergency of international con-

cern (pandemic) on January 30, 2020 [1]. As per the WHO
corona virus disease 2019 (COVID-19) dashboard, the
number of confirmed cases is 220,904,838 worldwide with
4,570,946 reported deaths, as of September 07, 2021 [2].
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inspired oxygen (PaO2/Fi02) < 300 mm Hg, respiratory fre-
quency > 30 breaths/min, or lung infiltrates > 50%. Persons
with respiratory failure, septic shock, and/or multiple organ
dysfunction are diagnosed as critically ill. Individuals with
comorbid conditions like age > 65 years, cardiovascular dis-
ease, chronic lung disease, diabetes, obesity, chronic kidney
disease, malignancy, etc., are likely to progress to severe/
critical illness.

Coinfections or secondary infections are known to exist
with viral pneumonia. A systematic review revealed that 1
in 4 patients with HIN1 infection had bacterial/fungi infec-
tion, during 2009 pandemic [4]. COVID-19 is no exception.
A plethora of bacterial and fungal coinfections/superinfec-
tions/secondary infections have been reported in COVID-
19 patients. It is not uncommon to have viral coinfections
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reports namely influenza A, respiratory syncytial virus, and
dengue viral infection associated with COVID-19 patients
[See]. The course of disease is unpredictable with high
individual variations. COVID-19 is known to act on angi-
otensin-converting enzyme 2 (ACE 2) receptors leading to
involvement of not only lungs, but pancreas, endothelium,
and especially platelets driving pro thrombotic activities.
There is immune dysregulation in the form of derangement
in pro inflammatory markers, cytokine levels, interferon
(IFN) gamma expression, alteration in cluster of differentia-
tion 4 (CD4) CD8 levels, in turn, affecting the natural innate
immunity [6]. Considering the background, it is understand-
able that there will be a chance for other pathogens to co-
infect. Hereby, we are discussing fungal pathogens-associ-
ated coinfection in brief.

COVID-19-Associated Candidiasis (CAC)

Fungal coinfection with Candida in COVID-19 patients is
still underreported, and the risk factors associated are not
directly linked to the SARS-CoV-2 infection. These are gen-
eral risk factors like diabetes mellitus, abdominal surgery,
renal failure requiring hemodialysis, triple lumen catheters,
indwelling central venous catheters, parenteral nutrition,
multiple antibiotics, etc., which make the patients in inten-
sive care unit (ICU) and those on mechanical ventilation
more vulnerable to develop fungal coinfections [7, 8]. Fur-
thermore, need for extracorporeal membrane oxygenation
(ECMO) consequent upon severe respiratory failure asso-
ciated with COVID-19 is another predisposing factor [9].
Recently, it has been shown that C. albicans infection in
users of removable dentures can upscale the morbidity and
mortality associated with COVID-19 [10]. In COVID-19,
it is postulated that disruption of intestinal mucosal barrier
(enterocytes have increased expression of angiotensin con-
verting enzyme-2 receptor to which SARS-CoV-2 binds)
open doors for the translocation of Candida species from
the gut lumen to the blood causing candidemia [11]. Gut
mycobiota dysbiosis has been established in COVID-19
with significant lowering of gut fungal a-diversity and the
relative abundance of the most altered gut fungal taxa [12].
The complete pathogenesis and immune dysregulation in
COVID-19 patients harboring Candida is yet to see the light
of day, noteworthy are the findings of impaired monocyte
CD80 upregulation and nullified release of IL-6, tumor
necrosis factor (TNF), interleukin (IL)-1a, and IL-1b signal-
ling towards increased susceptibility for Candida albicans
infection [13].

The most frequent fungal pathogen (in about 6 to 10%
cases) recovered in this setting is Candida with an estimated
mortality with invasive candidiasis being 19-40% [14, 15].
The non-albicans Candida (NAC) species including C.
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glabrata and C. auris either have inherent resistance to
antifungals or soon acquire antifungal resistance are the
real troublemakers [16]. COVID-19-associated candidiasis
(CAC) can either be superficial or invasive with infection
rates ranging from 0.7 to 23.5% [17-22]. C. albicans is the
most rampant among invasive yeast infections in critically
ill COVID-19 patients followed by C. auris, C. glabrata, C.
parapsilosis, C. tropicalis, and others [16]. Heavy mortal-
ity has been seen with C. glabrata and C. auris. In a recent
study, exceedingly high mortality to the tune of 83.3%
despite antifungal treatment was seen in patients with can-
didaemia with C. auris and COVID-19 pneumonia [23].

Candida auris is a new emergent threat to global health
because of its resistance to fluconazole and amphotericin B
and limited availability of antifungals such as echinocan-
dins in resource limited countries. In COVID-19 patients,
its transmission by healthcare personnel can occur in case
of erroneous and prolonged use of personal protective equip-
ment which can lead to self-contamination and further trans-
mission [21].

COVID-19-Associated Pulmonary
Aspergillosis (CAPA)

Aspergillus is a ubiquitous fungus present in the soil and
decaying vegetations. The most common Aspergillus species
causing coinfection in COVID-19 patients is A. fumigatus
followed by A. flavus [24]. There is a huge spectrum of infec-
tions caused by this fungus in human beings which includes
invasive pulmonary aspergillosis (IPA), allergic bronchopul-
monary aspergillosis (ABPA), chronic pulmonary asper-
gillosis (CPA), fungal asthma, chronic rhinosinusitis, and
bronchitis. Of these, IPA is the most worrisome. As per our
current understanding, danger-associated molecular patterns
(DAMP) released during severe COVID-19 cause epithelial
damage in the lungs and a cascade of inflammatory reac-
tions [25]. Targeting of DAMP is believed to be a significant
immunomodulatory strategy. Aspergillus cleaves fibrinogen
and activates Toll-like receptor 4 (TLR4)/MyD88/Toll/inter-
leukin-1 receptor (TIR)-domain-containing adapter-inducing
interferon-p (TRIF) which results in activation of overlap-
ping signalling pathways generating cytokines including
IL-1 and IL-6.

The cardinal risk factor for developing CAPA is structural
lung damage caused by chronic obstructive pulmonary dis-
ease (COPD) or asthma besides the use of corticosteroids,
broad-spectrum antibiotics in severe COVID patients [25].
Interstitial pulmonary fibrosis is not a direct risk factor but
some of these patients post COVID may need long-term
steroids, which is another predisposing factor. In a recent
study, influenza infection was established as an independent
risk factor for IPA with a mortality of 45% in patients with
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influenza-associated IPA [26]. Efforts should be made to
distinguish aspergillosis developing after severe COVID-
19 pneumonia from that in patients with underlying chronic
respiratory diseases [27]. The tsunami of COVID-19 forced
conversion of general hospital wards into COVID facilities
not truly meeting ICU specifications for adequate room ven-
tilation, and air changes thereby increased the risk of Asper-
gillus exposure [28].

In a single-center prospective case series from Nether-
lands, a higher percentage of patients with COVID-19 were
diagnosed with CAPA during the second wave of the pan-
demic as compared to the first wave (24.2% vs 15.2%) [29].
Many recent studies report high rates of CAPA in COVID-
19 patients with ARDS to the tune of 20-35% with mortality
ranging from 44.5 to 66.7% [30-33]. Azole resistance espe-
cially with Aspergillus fumigatus contributes to higher mor-
tality rates making antifungal susceptibility testing (AFST)
of utmost importance particularly in zones with high azole
resistance [34]. AFST helps in initiating appropriate anti-
fungal treatment and can be either phenotypic or genotypic
using molecular techniques for detecting mutations associ-
ated with triazole resistance [35].

CAPA can be classified as possible/probable/proven
aspergillosis according to the European Organization for
Research and Treatment of Cancer/Invasive Fungal Infec-
tions Cooperative Group and the National Institute of
Allergy and Infectious Diseases Mycoses Study Group
(EORTC/MSG) in an immunocompromised setting [36].
For proven diagnosis, fungal invasion needs histopathologic
confirmation. A constellation of host factors, clinical fea-
tures, and positive mycology diagnosis constitutes probable
IPA. Existence of host factors and clinical features albeit
histopathologic/mycology evidence makes the diagnosis as,
possible IPA. These cannot be applied directly to the non-
neutropenic patients in the ICU setup for whom Aspergillus
ICU algorithm was established which could differentiate
invasive pulmonary aspergillosis from mere colonization
by aspergillus [37]. It is further stated that many patients
who survive without treatment could just represent colo-
nizations than being truly coinfections [38]. Proposed case
definitions for influenza-associated pulmonary aspergillo-
sis (IAPA) that may be considered for classifying of CAPA
patients in ICU patients were given by an international team
of experts where an entry criterion was proposed and not
host factors [39]. The European Confederation for Medi-
cal Mycology and the International Society for Human and
Animal Mycology (ECMM/ISHAM) has recently proposed
consensus criteria for defining and grading CAPA into three
grades: possible, probable, and proven and has also provided
updated management recommendations [40].

Diagnosing CAPA is a great challenge. The radiologi-
cal features are not absolute. Radiology is varied show-
ing irregular airways to centrilobular nodules to cavitary

nodules and consolidation [41]. Galactomannan (GM) test-
ing of bronchoalveolar lavage (BAL) fluids may not be avail-
able in many cases for the fear of aerosol-generation [42].
Tracheal aspirates and non-bronchoscopic lavage (NBL)
specimens which are upper respiratory tract samples can be
procured with ease; however, validation of GM testing on
these samples is a concern [43]. Lahmer et al. believe that
NBL obtained through deep bronchial suction in mechanical
ventilated patients can serve as an alternative to BAL fluid
for GM testing [44].

A large study was conducted from over 700 critically ill
COVID-19 patients across the UK involving fungal bio-
marker testing on serum and respiratory samples and myco-
logical examination of respiratory secretions [43]. Regular
and repeat testing of serum and respiratory samples with a
multitude of testing modalities was recommended for detect-
ing CAPA. Gangneux et al. [45] have proposed to combine
Aspergillus detection (culture and real-time quantitative
polymerase chain reaction, PCR) in respiratory samples and
serological detection of anti-Aspergillus antibody (enzyme-
linked immunosorbent assay, ELISA, and immunoelectro-
phoresis) to distinguish chronic colonization from acute
massive colonization. On a cohort of 45 COVID-19 patients,
intubated and mechanically ventilated patients for ARDS,
modified AspICU algorithm (incorporating PCR, serology,
and angioinvasion biomarkers) was used for categorization
into no infection, colonization, putative invasive aspergil-
losis (IA), probable IA, and proven IA.

For accurately establishing the incidence of invasive pul-
monary aspergillosis in COVID-19 patients, there is a dire
need for autopsy studies or those evaluating targeted post-
mortem lung biopsies [46].

COVID-19-Associated Mucormycosis (CAM)

As we sail through the current pandemic coming in waves,
cases of COVID-19-associated mucormycosis (CAM) are
being frequently added to the literature. The incidence defi-
nitely increased enormously during the second wave in com-
parison with the first wave [47]. CAM can occur any time
after the detection of COVID or within a short time frame
usually within 2 weeks of post COVID recovery [48]. In
fact, combined pulmonary aspergillosis and mucormycosis
as secondary complications of COVID-19 are on record.
Mucormycosis is a potentially fatal infection [49]. The
fungus is well known to cause tissue gangrene due to its
angioinvasive nature leading to vessel thrombosis. This ren-
ders blackish discoloration imparting it the name of black
fungus which is actually a misnomer as phaeoid fungi are
true black fungi containing melanin pigment. The organ-
isms isolated have their origin from the Mucorales order
and comprise of Mucor, Rhizopus, Abdidia, Rhizomucor,
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Apophysomyces, Cunninghumella, and Saksenaea [50, 51].
The most common clinical isolate is Rhizopus [52, 53].
Mucormycosis is classified as rhinocerebral/sino-orbital,
pulmonary, cutaneous, gastrointestinal, and disseminated
according to the affected site [54]. Mucormycosis can have
deleterious complications like cavernous sinus thrombosis,
osteomyelitis, multisystem involvement, and mortality [55].

A plethora of risk factors for mucormycosis includes
uncontrolled diabetes mellitus, immunocompromised host,
prolonged medication with glucocorticoids, hematologi-
cal malignancies, hematopoietic stem cell transplantation,
human immunodeficiency virus-acquired immunodeficiency
syndrome (HIV-AIDS), etc. [56]. In a single-center, retro-
spective study of 70 patients with CAM presenting to the
emergency department with acute or recent COVID-19, 70%
of the patients were diabetic [57]. Diabetic ketoacidosis and
ketonemia and ketoacidosis in patients with COVID-19 sans
diabetes predispose to CAM [58]. Use of corticosteroids
blunts the action of insulin leading to hyperglycemia and
ketoacidosis [59]. SARS-CoV-2 is well-known to induce a
diabetogenic state by binding to the beta cells of the pancre-
atic islets which have ACE2 receptors for which the virus
has affinity. In fact, the SARS-CoV-2 has tropism for many
systems including respiratory system, gastrointestinal tract,
cardiovascular system, liver, nervous system, ocular system,
etc. [58]. The Indian tropical and humid climate serves as an
icing on the cake having a huge load of mucor spores in the
environment [56]. India has the highest number of cases of
mucormycosis reported worldwide [60]. Use of humidifiers
in the ICUs has also been linked to CAM; on the contrary,
some authors believe humidifier bottled water undergoes
incessant agitation due to passage of oxygen; and in this
situation, even if the water is contaminated with mucor, the
fungus cannot produce spores, and hyphae are not the inocu-
lating medium [56]. Increased pathogenicity of Mucormy-
cetes has also been linked to the use of voriconazole for
suspected invasive aspergillosis [61].

Blood acidosis in severe form of COVID-19 and raised
serum ferritin also cause susceptibility to mucormycosis
[62]. This along with hyperglycemia, low pH, and high iron
decrease the phagocytic activity of leucocytes. There is
enhancement in the expression of GRP-78 (glucose recep-
tor protein-78) present on endothelial cells and fungal ligand
spore-coating homolog protein (CotH) on mucor whose
interaction propels Mucormycetes-induced angioinvasion
and tissue necrosis [63]. Furthermore, the GRP-78 binding
is common to both the new variants of SARS-CoV2 (B.1.1.7
and B.6.117) and Mucor [64].

Immune dysregulation seen in COVID makes the host
neutrophils incompetent to release a burst of oxy-free radi-
cals which destroy the hyphae in an immunocompetent per-
son [56]. Although there is neutrophilia, the neutrophils are
immature as they are released prematurely from the bone
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marrow in COVID-19. Increased expression of inflamma-
tory cytokines and decrease in CD4 and CD8 T cells caus-
ing impaired cell-mediated immune response also increases
the susceptibility for CAM [65, 66]. A significant decrease
in lymphocyte count and increase in neutrophil count with
imposed cytokine storm has invariably been observed in
individuals with severe COVID-19 and coinfections [67].

A large multicenter retrospective study across India
revealed a CAM prevalence of 0.27% among hospitalized
COVID-19 patients and a prevalence of 1.6% in the ICUs
[68ee]. There was a 2.1-fold rise in mucormycosis during the
study period (September—December 2020) compared with
September—December 2019. Uncontrolled diabetes mellitus
was found to be the most common risk factor with newly
detected diabetes mellitus being more frequent. Compatible
clinical and radiologic manifestations of mucormycosis with
direct microscopic visualization of hyphae or isolation of
Mucorales in the tissue or sterile body fluids of the patient
established mucormycosis.

Rhino-orbital-cerebral mucormycosis (ROCM) is the
most frequently observed manifestation of CAM [69].
Eighty-one percent of ROCM-CAM occurred in the Indian
subcontinent [70]. Proposed staging and customized man-
agement approach for possible, probable, and proven
COVID-19-associated ROCM based upon ECMM-MSG
ERC guidelines have been given [71e]. A large Indian study
encompassing 2826 ROCM-CAM patients (Collaborative
OPAI-IJO Study on Mucormycosis in COVID-19—-COSMIC
study) found majority of the patients were diagnosed at stage
3 with orbit being involved with ROCM symptoms occur-
ring between day 10 and day 15 post COVID diagnosis;
however delayed presentation up to 3 months can be seen
[70].

Symptomatology of CAM comprises of sinusitis—nasal
blockade or congestion, nasal discharge (blackish/bloody),
blurred vision or diplopia, localized pain on the cheek bone,
unilateral facial pain, numbness or swelling, blackish discol-
oration over bridge of nose/palate, toothache, loosening of
teeth, jaw involvement, fever, skin lesions—thrombosis and
necrosis (eschar), chest pain, pleural effusion, hemoptysis,
and worsening of respiratory symptoms [72]. Gastrointes-
tinal (GI) tract involvement in CAM although unusual can
present with fever, nausea, abdominal pain, GI bleeding and
perforation [73].

Biomarkers like beta-d-glucan and galactomannan,
which are useful diagnostic aids for invasive aspergillosis
are not that reliable for diagnosing mucormycosis [74]. The
diagnosis relies upon microscopic observation of charac-
teristic broad ribbon like hyphae with right angle branch-
ing or microbiology culture or molecular techniques. When
pulmonary-CAM is suspected, lung biopsy can be done but
is invasive and often deferred in high-risk ICU patients on
mechanical ventilation in whom BAL is a good option [75].
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Routine tests like vision, pupil, ocular motility, and sinus
tenderness can be helpful in picking up ROCM early [52].
MRI is a useful modality for diagnosing possible intracranial
extension in ROCM [76].

Basic fundamentals for managing CAM effectively are
rapid diagnosis, reversal of underlying predisposing factors
wherever possible, surgical debridement, and appropriate
antifungal therapy [77]. Surgical debridement of the infected
tissue must be undertaken as soon as possible, and aggres-
sive surgical approach, once the diagnosis of mucormyco-
sis is confirmed, is associated with good outcomes [78].
Amphotericin-B deoxycholate/liposomal amphotericin is the
antifungal therapy of choice [79]. Control of diabetes and
diabetic ketoacidosis with discontinuation or dose reduc-
tion of steroids are helpful measures. The patient needs to
be monitored clinically and by radioimaging for assessment
of response.

In randomized evaluation of Covid-19 therapy (RECOV-
ERY) trial of dexamethasone in hospitalized patients with
Covid-19, survival benefit was observed among those
requiring supplemental oxygen at enrolment vis-a-vis those
patients who did not require oxygen wherein no benefit
rather possible harm was noted [80]. Erratic use of gluco-
corticoids for mild disease or in doses and durations above
standard recommendations is a threat to development of
CAM which needs to be curbed.

Other Opportunist Fungi in COVID-19

The COVID-19 pandemic has witnessed patients with coin-
fection with other fungal pathogens like Cryptococcus, His-
toplasma, and Pneumocystis.

Cryptococcosis is a fungal infection caused by opportun-
istic fungal pathogen Cryptococcus, species C. neoformans
and C. gattii. Cryptococcus neoformans is known to cause
fatal meningoencephalitis in immunocompromised patients
with disseminated infection. Recently, cases of cryptococcal
meningoencephalitis in patients with SARS-CoV-2 infec-
tion have been reported [81, 82]. Heller et al. [82] reported
cryptococcal meningoencephalitis in a young male who was
HIV-positive. They emphasized that CD4:CDS8 T cell ratio
tends to be preserved in patients with COVID-19-associated
lymphopenia while a fall in the ratio is observed in patients
with advanced HIV infection. Cryptococcemia has been
reported in a COVID-19 patient with several comorbidities
who received tocilizumab and corticosteroids [83]. Cryptoc-
cocus can cause cutaneous, pulmonary, or CNS involvement.
A patient with ulcero-necrotic cutaneous lesions and neuro-
logical symptoms due to Cryptococcus with bone metastasis
due to prostate cancer is on record [84]. This patient died

during the outbreak of SARS-CoV-2 in Lombardy, Italy
where the largest epidemic outbreak developed.

Macedo et al. [85] reported two cases of acute pulmonary
histoplasmosis who had COVID-19 before the onset of his-
toplasmosis symptoms. The diagnosis was challenging in
these cases where the authors resorted to western blot and
PCR to clinch the diagnosis of histoplasmosis. The clini-
cians should have a high index of suspicion especially in
patients hailing from endemic areas with fever and cough
post COVID-19 recovery. Disseminated histoplasmosis
associated with COVID-19 in patient with HIV has been
documented [86, 87]. Isavuconazole has shown to be effec-
tive in cases of invasive fungal infection due to Cryptococ-
cus and Histoplasma [88].

Isolated cases with SARS-CoV-2 and Pneumocystis
Jjirovecii coinfection are on record [89]. They highlight the
challenges associated with diagnosis of Pneumocystis pneu-
monia as the clinical features may be common thus reiterat-
ing additional diagnostic testing for P. jirovecii especially
in patients with elevated lactate dehydrogenase, cystic find-
ings on chest-computed tomography which indicate coinfec-
tion. Alanio et al. [90] found a surprisingly high percentage
(10/108 patients, 9.3%) of critically ill COVID-19 patients
coinfected with P. jirovecii. Other than these, bloodstream
infections due to Saccharomyces cerevisiae have been
described in two COVID-19 patients in ICU settings. Both
the patients were receiving probiotic yeast supplementation
[91].

Conclusion

There have been concerns regarding existence of real threat
related to increase in number of secondary infections, i.e.,
whether they are due to COVID-19 or just due to increased
hospitalizations, ICU admissions, intensive care, or due to
compromised hospital infection control practices consider-
ing COVID-19 exigency. Whatever the reason, the existence
or increase in number of fungal infections associated with
COVID-19 pandemic cannot be ignored. Challenges do exist
especially related to diagnosis of secondary infections in
COVID-109. It is the right time to develop a standardized
methodology for diagnosing these infections. There is need
for clinicians to be aware of complications such infections
can cause, and also, there is need to strengthen pathology
and microbiology laboratories. There is need to formulate
effective practical guidelines for healthcare workers pro-
cessing samples while doing direct examination, culture, or
serological analysis especially related to aerosol-generating
steps. Increased workload along with biosafety, appropri-
ate training of its personnel, and logistic workout should be
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considered a priority to deal with the pandemic infections
in future.
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