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Abstract

Purpose of Review SARS-CoV-2 generates an atypical pneumonia with high morbidity and mortality. In many cases, the
torpid evolution was related to bacterial or fungal co-infections. Non-specific manifestations of COVID-19 infection can
make the differential diagnosis with other systemic diseases even more difficult. A review of systemic endemic mycoses
associated with COVID-19 was carried out. We will describe epidemiological data, clinical characteristics of the endemic
mycosis, and different diagnostic resources.

Recent Findings Database search process in PubMed, Latindex, and other online web was performed. From 78 published
cases, coccidioidomycosis was the most frequent association followed in second place by histoplasmosis. Highly variable

diagnostic methodologies were used, but all were useful.

Summary Mortality caused by these endemic mycoses does not seem to have been modified by COVID-19.

Keywords COVID-19 - Fungal infection - Endemic mycoses - Co-infection

Introduction

Coronavirus disease 2019 (COVID-19) emerged in Wuhan,
China, in December 2019 [1]. SARS-CoV-2 is the COVID-
19 etiological agent. Being a highly contagious microorgan-
ism, it spread rapidly and generated one of the most relevant
pandemics in recent years, declared on March 11, 2020, by
the World Health Organization (WHO) [2].

The most commonly affected organ is the lung, and there-
fore the main clinical manifestations of COVID-19 are res-
piratory signs, including cough, dyspnea, sore throat, and
fever [3]. In severe states of COVID-19, the development
of pneumonia with acute respiratory distress syndrome
(ARDS), respiratory failure, and/or death has occurred [4].
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Prolonged hospitalization was very frequently required in
patients with comorbidities such as obesity, cardiovascular
disease, and chronic respiratory pathologies. Moreover, the
multiple treatments applied generated complications such as
nosocomial bacterial infections and candidemia [5]. On the
other hand, in regions with a high prevalence of metabolic
diseases such as diabetes, COVID-19-associated mucormy-
cosis was associated with high morbidity and mortality [6].

Likewise, it is also important to highlight that the cosmo-
politan fungal diseases with a special tropism for a damaged
lung, such as aspergillosis, were also a widely discussed
topic. Meanwhile, endemic mycoses were not initially a
focus of study in relation to this pandemic.

Endemic Mycoses

Systemic endemic mycoses (EM) share certain
characteristics:

1. They occur in geographical areas with a specific soil and
climate.

2. They are caused by a diverse group of dimorphic fungi.

3. In most cases, they are acquired by inhalation, with the
respiratory system being the first target of infection.
Cases of secondary reactivation are often seen.
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4. They can cause disease in both immunosuppressed and
immunocompetent hosts.

The etiological agents related to this group of mycoses
are species of the genera Histoplasma, Paracoccidioides,
Coccidioides, Blastomyces, Talaromyces, and Emergomyces.

EM are well known to cause systemic and focal disease
restricted to geographic areas of known endemicity. Never-
theless, in recent decades, reports of endemic fungal infec-
tions in areas previously considered to be “non-endemic”
have been published with increasing frequency. Ecological
variations such as consequences of climatic and anthropo-
genic changes, migration, the increased use of immuno-
suppressants, improvements in diagnostic techniques, and
clinical recognition are possible causes for these changes.
Bearing this in mind, some authors affirm that it is probable
that we are facing an evolution of the concepts that previously
defined the endemic regions of these mycotic diseases [7e].

Diagnosis of Systemic Endemic Mycoses

Several testing options are available for diagnosis of these
mycoses, including microscopy, culture, specific antigen and
antibody detection, and molecular methods [8ee]. The issue
is that specific tests are not available for the diagnosis of
all EM, or they are not available in all countries included
in endemic areas. Table 1 shows conventional, molecular,
immunological diagnostic methods for the different EM.

Systemic Endemic Mycoses-COVID-19
Association

Using PubMed, Latindex, Google Scholar, Scopus, and Sci-
ELO databases, a review on the co-infection between sys-
temic endemic mycoses with COVID-19 was carried out.

Until December 31, 2021, seventy-eight cases of COVID-
19 associated with EM were published. The geographical
distribution of these cases is shown in Fig. 1. Clinical,
microbiological data and evolution of these published cases
are presented in Table 2.

Coccidioidomycosis

Coccidioidomycosis (CM) is a fungal infection of the arid
and semi-arid regions of the American continent. It is caused
by two epidemiologically and genetically diverse species,
Coccidioides immitis and Coccidioides posadasii. To date,
both species are believed to be phenotypically similar in
terms of clinical manifestations, in vitro susceptibility,
and response to antifungal therapies. Genotypic variation

between fungal species could contribute to differences in
virulence [13].

The endemic area for C. immitis encompasses primar-
ily the Central Valley of California, but additional endemic
foci such us north and eastern Washington State were docu-
mented. C. posadasii is found in desert areas of Arizona,
Texas, Utah, and Mexico, as well as in Central America, the
Comayagua Valley of Honduras, and the Montague Valley
of Guatemala. In South America, CM was reported in north-
eastern Colombia; Zulia, Lara, and Falcon states in Ven-
ezuela; Tucuman, Catamarca, Santiago del Estero, Neuquén,
and Rio Negro provinces of Argentina; and Piaui, Maranhao,
Ceara, and Bahia states in Brazil [7e].

CM and COVID-19 co-infection are unavoidable, and a
variety of clinical scenarios are possible. After an initial
Coccidioides infection resolves, the fungus can remain dor-
mant in the lungs and reactivate under certain conditions.
It has been postulated that the COVID-19 pandemic could
not only affect the CM presentation but also reactivate the
disease in a patient with CM whose disease has progressed
to a chronic but quiescent state [14, 15ee].

The most likely case would be a person with pulmonary
CM who subsequently develops COVID-19. It should be
noted that symptoms of these two diseases are remarkably
similar and include fever, dry cough, dyspnea, myalgia, and
headache. Radiological changes can also mimic each other.

SARS-CoV-2 can also complicate patients with pro-
longed disseminated disease or primary infection with per-
sistent inflammation. CM patients with suppressed immune
responses, such as patients with hematologic malignancies,
HIV, and organ transplants, are also at increased risk of dis-
seminated disease.

Cases of co-infection COVID-19 in patients with CM are
presented in Table 2.

Histoplasmosis

It is the most frequent endemic mycosis in the world and
the only one with cases reported in the five continents [7e].
The endemic area of this mycosis is expanding, especially
in China and South America [16].

Related to the inhaled fungal load and the host’s immune
system, it can be observed from an asymptomatic infection
to severe pneumonia [17]. In immunocompromised patients,
disseminated forms with compromise of the reticuloendothe-
lial system are observed [18]. In South America, cutaneous
and mucocutaneous lesions are observed in a high percent-
age of histoplasmosis cases [18]. Fortunately, intestinal or
central nervous system involvement seems to be rare, but
must be diagnosed quickly because they are serious clinical
conditions.

Different methodologies are used for the diagnosis. The
performance of the different tests will vary depending on the
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Fig. 1 Geographical areas in
which EM-COVID 19 cases
were informed

. Histoplasmosis @ Coccidioidomycosis

response of the host [19]. Histoplasmosis (HC) is one of the
most frequent opportunistic diseases in people living with
HIV. For this reason, it should be included among the dif-
ferential diagnoses in patients with low CD4 T lymphocytes,
suffering or not COVID-19. But it is noteworthy that in this
review most of patients with COVID-19 and histoplasmosis
were HIV negative.

Reported cases about histoplasmosis co-infection with
COVID-19 are described in Table 2.

Emergomycosis

Emergomycoses are systemic EM produced by dimorphic
fungi of the genus Emergomyces. Cases of this disease have
been detected in Asia, Africa, Europe, and North America.
Most of these cases are diagnosed in Africa. They are fre-
quently seen in immunocompromised patients, especially
advanced HIV disease. The lungs are the entry point of the
infection, and the infecting element is the microconidia of the
mycelial phase. Conversion of these conidia into their yeast
phase (parasitic form) occurs, and if the host cannot control the
infection, it spreads through the blood to various organs, such
as the skin, liver, spleen, lymph nodes, and bone marrow [12].
Skin and mucous membrane biopsy, bronchoalveolar lav-
age, blood cultures by lysis-centrifugation, and lymph node
biopsies or punctures are the most studied clinical samples
for mycological examination. Although the global emer-
gence of emergomycosis has recently been considered, no
cases associated with COVID-19 have been yet reported.

Talaromycosis

Talaromycosis is an invasive mycosis caused by the ther-
mally dimorphic saprophytic fungus Talaromyces marnef-
fei endemic in Asia. This mycosis occurs predominantly in

Blastomycosis @ Paracoccidioidomycosis

immunocompromised. The lungs are the primary portal of
entry.

Talaromycosis is estimated to have a pooled prevalence
of 3.6% (range 0.13-19.63%) in people living with HIV/
AIDS, with the greatest risk of infection in people with a
CD4 cell count < 200 cells/mm? [20]. In non-HIV-infected
individuals, talaromycosis has been increasingly described
in patients with other immunosuppressing conditions, such
us primary immunodeficiencies, autoimmune diseases,
malignancies, and iatrogenic immunosuppression [21].

To date, there are no reports of co-infection COVID-19
and talaromycosis.

Blastomycosis

The geographic region where blastomycosis (BM) is consid-
ered endemic include areas surrounding the Great Lakes and
the river basins of the Ohio, Mississippi, and St. Lawrence
rivers, including many US states and provinces of Canada.
Northwestern Ontario and north-central Wisconsin are
defined as hyperendemic areas [22].

In the USA, similar rates of testing for blastomycosis and
other systemic endemic fungal infections before and during
the COVID-19 pandemic was reported. Although blasto-
mycosis was not considered underdiagnosed in the context
of the pandemic in this US national survey, no published
reports of blastomycosis have been found so far [23].

Although a relationship between SARS-CoV-2 and Blas-
tomyces has not been observed, some cases of co-infection
have occurred but have not been informed [24]. Only a case
of pulmonary blastomycosis reactivation in COVID-19
acute respiratory distress syndrome in a young post-par-
tum female, who recovered with extensive post infection
lung damage, was presented [25]. The case is described in
Table 2.

@ Springer
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Paracoccidioidomycosis

Previously known as South American blastomycosis,
paracoccidioidomycosis (PCM) is really a systemic fun-
gal infection restricted to Latin America countries, from
Mexico to Argentina. The highest prevalence is recorded
in South America [26].

PCM has a significant impact on public health, affecting
mainly the rural population. This is probably one reason
why few co-infections with COVID-19 were reported. On
the other hand, since SARS-COV-2 also affects the lungs,
differential diagnosis with other illnesses with similar
clinical manifestations is required. Unlike the reported
situation for USA, where endemic diseases continued to
be monitored during the pandemic era, this situation did
not occur throughout all of Latin America. This was prob-
ably another cause of underdiagnoses. In Latin America,
many countries with their health systems overcome, in
many cases all attention was given to COVID-19 treat-
ment. Even many reported deaths caused by COVID-19
were not informed considering its co-infection.

Although pre-existing pulmonary alterations caused
by Paracoccidioides infection are an increased risk fac-
tor for severe cases of COVID-19, very few cases have
been published. Some radiological overlaps that can be
found in PCM and COVID-19 may delay the diagnosis of
viral pneumonia co-infection but also to mask the underly-
ing disease when the search for SARS-COV-2 was prior-
itized. Furthermore, several cases presumably diagnosed
as COVID-19 were actually PCM, not only because of
their lung lesions, but also because of their oral manifes-
tations [27].

One case, as nosocomial infection in a patient with
acute juvenile PCM, was reported in Brazil (see Table 2)
[28]. If there were other cases in Latin America, we have
not found any reports about them. SARS-CoV-2 coinfec-
tions with Blastomyces and Paracoccidioides were and
remain less clear, with very few reported cases, but would
not be unexpected in the appropriate clinical context [29].

Discussion

Fungal infections can cause signs and symptoms similar
to other respiratory illnesses, including COVID-19. This
means a challenge to achieve the diagnosis.
SARS-CoV-2 infection has been associated with
immune dysregulation, including lymphopenia [44], which
could reduce the host’s ability to regulate Coccidioides
infection. Despite this fact, as of February 2021, no study

@ Springer

has reported the reactivation of CM in COVID-19 patients.
Likewise, emerging evidence suggests that COVID-19
infection might accelerate reactivation of latent tuber-
culosis [45]. Due to the similarity in the immunological
response against fungi and mycobacteria, this consequence
could also occur in EM. In addition, dexamethasone, a
drug widely used in patients with severe COVID-19,
increases the risk of severe mycoses [46].

COVID-19 generates high levels of inflammation in
certain guests causing a high release of inflammatory
cytokines and consequently considerable tissue damage.
A raised level of inflammatory cytokines especially inter-
leukin-6 (IL-6) was associated with severe lung injury in
co-infected patients [47]. This situation could be a risk
factor for fungal infections of the respiratory system and
would increase the possibility that a usually asymptomatic
primary infection could become symptomatic; it could also
increase the possibility of secondary reactivations of this
latent mycosis. For this reason, it is extremely important
know the endemic areas, “think in fungal disease,” and
perform different diagnostic techniques to allow the dif-
ferential diagnosis in patients from these areas. Unfortu-
nately, during the first months of the pandemic when all
attention was focused on COVID-19, few differential diag-
nostic tests were performed, which surely led to diagnostic
delay or underdiagnosis of these and other pathologies
especially in these neglected diseases [29, 48].

Seventy-eight patients suffering from COVID-19 were
registered associated with an endemic systemic mycosis.
CM was the prevalent mycosis followed by histoplasmosis.
In the reviewed cases, highly variable diagnostic method-
ologies were used, from biopsies, respiratory samples, and
serology to specific antigens, but all were useful. It would
even seem that COVID-19 did not generate an increase in
mortality from these mycoses.

Conclusion

The COVID-19 pandemic is in continuous evolution,
which masked endemic systemic mycoses and continues
to do so. While healthcare systems try to control the cri-
sis, they should not forget about these fungal infections,
which in many cases are already historically considered
neglected. The need for diagnostic methods for early diag-
nosis and management of these fungal diseases in the con-
text of COVID-19 should be emphasized.
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