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ABSTRACT

Blastomycosis, coccidioidomycosis, histoplasmosis, paracoccidioidomycosis, emergomycosis, and
talaromycosis are sapronoses restricted to specific geographical areas associated with particular envi-
ronmental niches that can lead to high morbidity and mortality if diagnosed or treated late. Challenges in
clinical awareness arise from their nonspecific clinical presentations and the limited availability of sen-
sitive diagnostic tools. Although advances in molecular diagnosis and antigen detection-based tests are
promising, they are not available for all systemic endemic mycoses (SEM). Treatment guidelines empha-
size the importance of early antifungal treatment, although only a few limited therapeutic options have
remained available over the years. Most SEM are not notifiable diseases, resulting in underreporting and
a poor understanding of their true burden. The inclusion of several SEM-causing dimorphic fungi in the
WHO Fungal Priority Pathogens List highlights their growing public health impact, the lack of prevention
methods, and unmet research needs. Recognizing SEM as neglected diseases, improving surveillance,
expanding diagnostic access, and developing affordable vaccines and therapeutics are essential steps
toward addressing this evolving global health challenge. Coordinated international efforts are urgently
needed.
© 2025 Asociacion Espafiola de Micologia. Published by Elsevier Espafia, S.L.U. All rights are
reserved, including those for text and data mining, Al training, and similar technologies.

Micosis sistémicas endémicas: del riesgo geografico a una propagaciéon
preocupante

RESUMEN

La blastomicosis, la coccidioidomicosis, la histoplasmosis, la paracoccidioidomicosis, la emergomico-
sis y la talaromicosis son sapronosis restringidas a zonas geograficas especificas asociadas a nichos
ambientales particulares que pueden conducir a una alta morbimortalidad si se diagnostican o tratan
tardiamente. Los desafios para la sospecha clinica surgen de sus presentaciones clinicas inespecificas y
por la disponibilidad limitada de herramientas de diagnéstico sensibles. Si bien los avances en el diagnés-
tico molecular y pruebas basadas en la deteccién de antigenos son prometedores, no estan disponibles
para todas las micosis sistémicas endémicas (SEM). Las guias de tratamiento enfatizan la importancia
del tratamiento antifiingico temprano, aunque desde hace muchos afios contindan estando disponibles
las mismas escasas opciones terapéuticas. La mayoria de las SEM no son enfermedades de declaracién
obligatoria, lo que resulta en un sub-registro y una comprensién deficiente de su verdadera incidencia. La
inclusiéon de varios hongos dimorfos que causan SEM en la lista de Patégenos Flingicos Prioritarios de la
OMS resalta su creciente impacto en la salud piblica, la falta de métodos de prevencién y las necesidades
de investigacién insatisfechas. Reconocer estas enfermedades como desatendidas, mejorar la vigilan-
cia, ampliar el acceso a diagndsticos y desarrollar vacunas y terapias asequibles son pasos esenciales
para abordar este desafio de salud global en constante evolucion. Se necesitan urgentemente esfuerzos
internacionales coordinados.

© 2025 Asociacion Espafiola de Micologia. Publicado por Elsevier Espafia, S.L.U. Se reservan
todos los derechos, incluidos los de mineria de texto y datos, entrenamiento de IA y tecnologias similares.
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Systemic endemic mycoses (SEM) are a group of fungal
infections traditionally restricted to specific geographical areas
associated with particular environmental niches. The causative
agents are primary pathogenic fungi characterized by their ability
to exhibit both an environmental saprophytic phase and a parasitic
phase in the host. This remarkable ability is known as dimorphism
and is a key pathogenic factor; for this reason, the diseases they
cause are called sapronoses.

Infection is acquired by inhaling environmental fungal propag-
ules (conidia or mycelia), which then undergo a temperature- or
nutrient-dependent transformation into a yeast- or spherule-like
stage capable of survival, multiplication, and extrapulmonary dis-
semination.

This group includes blastomycosis, coccidioidomycosis, emer-
gomycosis, histoplasmosis, paracoccidioidomycosis and talaromy-
cosis (Talaromyces marneffei) most of which occur in the
Americas.” 1026

The World Health Organization (WHO) included species within
the genera Coccidioides, Histoplasma and Paracoccidioides, as well as
T. marneffei, in the WHO Fungal Priority Pathogens List (FPPL) based
on a comprehensive multicriteria decision analysis that accounted
for both public health impact and unmet research and develop-
ment (R&D).%> Although Blastomyces and Emergomyces were not
included in the list, all agents of SEM exhibit low preventability
due to environmental transmission and the absence of effective
vaccines or scalable public health interventions. Dimorphic fungi
are associated with significant morbidity and mortality, particu-
larly among immunocompromised individuals. Access to timely
diagnosis and effective treatment is often limited. Historically, SEM
affects immunocompetent individuals residing in or traveling to
endemic regions. However, recent trends show an increased inci-
dence among immunocompromised hosts, particularly those with
HIV/AIDS, people who have received solid organ transplants, peo-
ple with hematologic malignancies, or people receiving biologic
therapies.

Since SEM are not notifiable diseases, information on their geo-
graphic distribution, epidemiological features and demographics is
far from complete. The true ranges remain speculative, given the
sporadic reports of the diseases from areas with limited mycologi-
cal diagnostic capacity.” Inrecent decades, driven by several factors
such as global natural and particular ecological changes and social
influences, endemic mycoses have shown a certain epidemiolog-
ical dynamism within their geographical risk areas. Furthermore,
their geographical confinement has been questioned in the light of
global health concerns involving regional diseases and their emer-
gence in other, even very distant, latitudes as a consequence of
global population dynamics.!

Dimorphic fungi can remain latent as intracellular pathogens
for years or even decades and develop disease when favored
by predisposing factors such as a period of weakened immune
defenses.?! 31374849 With the increasing number of travelers and
the rise in population movement around the world, SEM devel-
opment is no longer limited to specific countries or geographic
regions. Infections are occurring in more populations worldwide.
Globalization, human migration to previously less-explored terri-
tories, migration from endemic areas to non-endemic areas, and
travel for tourism or works involving close contact with the eco-
logical niche where these fungi are endemic are among the causes.

Systemic endemic mycoses. Expanding geography and
epidemiological changes

Blastomycosis

Over the past decades, the geographic range of blastomycosis
has expanded, with reports of cases emerging outside of the tradi-

88

Revista Iberoamericana de Micologia 42 (2025) 87-92

tionally endemic areas of North America. Blastomyces is primarily
found in the soil of wooded areas with decomposing organic mat-
ter. It is prevalent in states along the Ohio and Mississippi River
valleys and the Great Lakes region of the United States, as well as
in central and eastern provinces of Canada. Outside of North Amer-
ica, multiple cases of blastomycosis have been reported in certain
regions of Africa, but cases have been reported as imported mycosis
as far as Mexico, India and the Middle East.>18:38

The geographic diversity of the causal pathogens is greater than
that assumed in previous decades. The main etiologic agents are
the Blastomyces dermatitidis species complex (composed of B. der-
matitidis and Blastomyces gilchristii) and Blastomyces helicus. In the
Middle East and Africa, distinct clinical and pathological patterns
of the disease caused predominantly by Blastomyces percusus have
been described. In South Africa, Blastomyces emzantsi has been
reported. Emmonsia parva, renamed as Blastomyces parvus has also
been identified causing a granulomatous pulmonary disease known
as adiaspiromycosis.*346:47

This widening distribution of blastomycosis underscores the
importance of considering this infection in differential diagnoses,
even outside of the historically recognized risk zones.

Coccidioidomycosis

Endemic in all the American continents, coccidioidomycosis is
caused by Coccidioides immitis and Coccidioides posadasii. These
fungi are found in the soils of arid and semi-arid areas of the
United States and Mexico in North America, Guatemala, and Hon-
duras in Central America. In South America, Coccidioides is found
in Argentina, Bolivia, Brazil, Colombia, Ecuador, Paraguay, and
Venezuela. Several studies postulate how climate change and
soil disturbance may influence the expansion of coccidioidomy-
cosis endemic areas. There is evidence of an eightfold increase
in incidence in USA, a fourfold increase in urbanized areas, and
a thirty-eightfold increase in cultivated areas in Argentina. There
has also been a sustained increase in northeastern Brazil and the
emergence of hotspot areas in Latin America.!”23°256.61

Emergomycosis

Emergomycosis is emerging globally among immunocompro-
mised individuals. In some regions, such as southern Africa, it is
now the most commonly diagnosed dimorphic fungal infection.*?
Currently, five species are described within the Emergomyces genus,
including Emergomyces africanus reported in Africa, Emergomyces
canadensis in North America, Emergomyces orientalis in China, Emer-
gomyces europaeus in Europe, and the type species Emergomyces
pasteurianus in Europe, Africa and Asia.*2

The environmental reservoir for Emergomyces species is still
under study. The fungus has not been successfully isolated in cul-
ture from environmental samples. DNA of E. africanus has been
detected in a wide range of soil habitats, including agricultural and
horticultural soils, and soils associated with endemic plants.*2:>7

Histoplasmosis

Histoplasma species have long been considered geographically
restricted pathogens. Histoplasma capsulatum var. capsulatum was
traditionally associated with endemic regions of the Ohio and Mis-
sissippi River valleys in North America, as well as certain areas of
Central and South America. H. capsulatum var. duboisii is found
throughout much of Africa, overlapping with other Histoplasma
species. However, this notion has evolved rapidly. Histoplasmosis
is increasingly being diagnosed in areas far beyond the traditional
boundaries, indicating a paradigmatic shift from a localized geo-
graphic risk to a global public health concern.*! This expansion is



G. Giusiano

multifactorial. Climatic variations, land use changes and urbaniza-
tion created new favorable environments for Histoplasma and its
natural reservoirs and dispersers, such as bats and some birds.°
On the other hand, global travel contributes to increased envi-
ronmental exposure. Simultaneously, the opportunistic nature of
Histoplasma plays a key role. The growing number of immuno-
suppressed individuals due to HIV/AIDS, solid organ transplants,
hematologic malignancies, or biological therapies, has created an
increasingly susceptible population in both endemic and non-
endemic settings. Once considered a disease of healthy hosts in
endemic regions, histoplasmosis has been regarded as a significant
opportunistic infection globally. In parallel, the increasing evi-
dence suggesting that the exact geographical distribution is largely
unknown has led to a review of the Histoplasma isolates. Phylogeo-
graphic studies have led to a revised taxonomy. H. capsulatum is
now recognized as a complex of cryptic species with, at least, 14 dis-
tinct phylogenetic lineages distributed worldwide. New genotypes
that could have implications for our understanding of virulence,
ecology and geographic distribution are under consideration.”?

Paracoccidioidomycosis

Paracoccidioides species are endemic throughout Latin Amer-
ica, from Mexico to Argentina, except in Chile, Nicaragua, Belize,
and Guyana. The highest burden is recorded in South America,
with Brazil in particular having the highest incidence. It is esti-
mated that almost 10 million people are infected, with an incidence
rate ranging from 1 to 4 cases per 100,000 inhabitants per year in
established endemic areas, rising to 9-40 cases per 100,000 people
per year in hyperendemic areas.'6293> Paracoccidioides brasiliensis
sensu stricto, Paracoccidioides americana, Paraccocidioides restrepi-
ensis, Paracoccidioides venezuelensis, and Paracoccidioides lutzii are
among the cultivable species related to human infections.?3>1°>
Although mortality is higher in the acute and subacute forms, the
sequelae of the chronic form, even despite treatment, are debilitat-
ing and disabling. Due to the long latency period that characterizes
this mycosis, and when it is favored by several predisposing fac-
tors, the disease can develop even decades after infection.'®> For
this reason, paracoccidioidomycosis has been frequently diagnosed
among migrants living outside of endemic areas.?>"8

Talaromycosis

T. marneffei (formerly Penicillium marneffei), is the only dimor-
phic species of the genus Talaromyces and was ranked among the
world’s 10 most feared fungi.?! It is endemic in several countries
of Southeast Asia, Southern China, India, and Indonesia. However,
more than 288,000 cases were reported in 34 countries by 2022.
Talaromycosis represents a substantial threatin adults and children
with impaired cellular immunity and is currently the third most
common coinfection in HIV patients in endemic countries, after
tuberculosis and cryptococcosis. Despite its high incidence among
HIV-positives, patients undergoing cancer therapy, and organ
transplantation recipients, there has been an increase in the occur-
rences in HIV-uninfected persons, showing a striking emergence
in individuals without known immunological disorders. Approx-
imately, 17,300 cases are diagnosed annually, and the reported
mortality rate is extremely high. Talaromycosis has become a major
risk for travelers with impaired acquired immunity.20-21.39.59

Challenges in clinical and laboratory diagnosis

With significant morbidity and mortality, SEM clinically ranges
from asymptomatic infection to severe disseminated disease. An
estimated 40-50% of the people infected remain asymptomatic.
The clinical presentation of SEM is nonspecific and resembles other
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diseases.”!> The lungs are involved in most cases, and the condition
can range from mild, self-limited, flu-like symptoms to severe dis-
ease, life-threatening pneumonia or dissemination to other organs.
Symptoms are indistinguishable from those of other respiratory
infections, including cough, fever, dyspnea, and fatigue. As a result,
misdiagnosis is common, resulting in delays in appropriate therapy,
particularly in non-endemic areas.*'1243036 Dissemination man-
ifest primarily as cutaneous or mucocutaneous lesions, but it can
also affect other tissues, ranging from bones to the central nervous
system.

A high level of suspicion is required for diagnosis, and there
is considerable confusion regarding which tests to order. The
diagnosis of SEM requires special attention to multiple pieces of
information, including data on the patient’s previous exposure
(recent or past), clinical presentation, imaging findings, and avail-
able microbiological and laboratory data.”*

An accurate and early clinical diagnosis during the early stages
of infection makes SEM potentially curable. However, diagno-
sis remains challenging for physicians and microbiologists as
the symptoms overlap with other infectious and non-infectious
diseases.*044

The EORTC (European Organization for the Research and Treat-
ment of Cancer)/MSGERC (Mycoses Study Group Education and
Research Consortium) have defined criteria for the diagnosis of
proven mycoses. The recovery of the fungus by culture from clinical
samples and/or the visualization of the distinctive parasitic phase
of the fungus in histopathology or direct microscopy remains the
standard for all SEM, though they have limitations.

Histopathological findings for diagnosing emergomycosis
include the observation of yeasts measuring 2-5pm with
narrow-based budding. Fungal stain facilitates the microscopic
observation; however, these structures are not sufficiently dis-
tinctive and look alike those in H. capsulatum. Therefore, the
histopathological observation does not guarantee achieving a
definitive identification.*>#4 Emergomycosis is often misdiagnosed
histologically as histoplasmosis, cryptococcosis, sporotrichosis, or
blastomycosis.*%#> The correct diagnosis is established by isolat-
ing the Emergomyces species from culture or by PCR, amplifying
and sequencing the internal transcribed spacer (ITS) of the DNA
directly from the clinical sample. Serological tests are nonspecific
and cross-reactivity with the Histoplasma galactomannan antigen
has been observed.*0:4>

When culture and histopathologic evidence of infection is lack-
ing, a probable SEM case may be considered if there is evidence of
environmental exposure to a fungus, compatible clinical manifesta-
tion, and the presence of antibodies to Coccidioides species in serum
or cerebrospinal fluid, or Blastomyces- or Histoplasma-specific anti-
gens in any body fluid.!?

In the diagnosis of paracoccidioidomycosis, histopathological
and microbiological studies remain the gold standard. Apart from
these techniques, both the Brazilian guidelines for the clinical man-
agement of paracoccidioidomycosis and the global guidelines for
the diagnosis and management of endemic mycoses include a pos-
itive antibody detection using the Ouchterlony immunodiffusion
(ID) assay.*953

Although serological tests are valuable for diagnosing SEM in
immunocompetent patients, they may lack sensitivity in immuno-
suppressed patients and may exhibit cross-reactivity between
fungal species.!?3:60

The detection of cell wall antigens in urine or serum has
improved the sensitivity in acute care and HIV-related presen-
tations. These tests are valuable, becoming the fastest and most
practical tools for a probable diagnosis of SEM, particularly for
Histoplasma and Talaromyces infections. Unfortunately, these tech-
niques are not available for all SEM, and their sensitivity varies
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depending on each disease. In the case of blastomycosis, cross-
reactivity with other endemic mycoses commonly occurs.>*

The polymerase chain reaction (PCR) has emerged as a valu-
able tool for diagnosing SEM, offering enhanced sensitivity and
specificity in comparison with traditional methods. PCR assays
have demonstrated sensitivities ranging from 73% to 92%, and
specificities of up to 100% when detecting H. capsulatum and Blas-
tomyces from clinical specimens, including respiratory secretions
and tissues.? Similarly, PCR-based and quantitative PCR (qPCR)
assays for detecting H. capsulatum DNA in fresh, formalin-fixed,
and paraffin-embedded tissues have shown high accuracy and
have been successfully standardized and validated.52732 Recently,
a new, precise tool based on a quantitative reverse transcription
PCR assay has recently been proposed to address a gap in the diag-
nosis of paracoccidioidomycosis.?

Although molecular methods offer faster and more sensitive
diagnoses, they remain limited in terms of standardization and
availability, especially in settings of referral centers with limited
resources. The limited evaluation of protocols on different types
of biological samples, as well as variability in laboratory practice,
hinder the widespread adoption of PCR in routine diagnostics. The
lack of commercial PCR kits is a critical limitation to implement
molecular methodologies outside reference laboratories.!?2

Innovative tools integrating double-tagging polymerase chain
reaction (PCR) and a paper-based lateral flow assay (LFA) for read-
out, using carbon nanoparticles, have demonstrated the potential
to substantially contribute to the diagnosis of paracoccidioidomy-
cosis. These tools also hold promise as point-of-care diagnostic
devices for the early and accurate detection of the disease.3*

Therapeutic considerations

Dimorphic fungal pathogens exhibit a similar susceptibility pro-
file to the current antifungals. Treatment strategies depend on
disease severity, immune status, and the specific fungal pathogen.
First-line therapies include azole drugs such as itraconazole for
mild to moderate disease, and amphotericin B formulations for
severe or disseminated infections.

The Infectious Diseases Society of America (IDSA) provides
clinical practice guidelines for the management of blastomy-
cosis, coccidioidomycosis and histoplasmosis.®'460 In 2025, the
IDSA updates its guidelines for treating asymptomatic Histoplasma
pulmonary nodules (histoplasmomas) and mild or moderate
acute pulmonary histoplasmosis in adults, children, and pregnant
women.

To date, there are no treatment guidelines for patients with
emergomycosis. In the absence of randomized controlled trials,
it is recommended that treatment of disseminated emergomy-
cosis follow the IDSA guidelines for the management of other
endemic mycoses in immunocompromised persons. The recom-
mended regimen consists of amphotericin B formulations for 1-2
weeks, followed by oral itraconazole for at least 12 months.*°

The Brazilian guidelines recommend treating both severe
and mild-to-moderate forms of paracoccidioidomycosis. This
consensus also discusses alternative treatment in cases of tuber-
culosis coinfection or central nervous system involvement using
trimethoprim-sulfamethoxazole.*?

The guidelines for the prevention and treatment of opportunis-
tic infections in HIV-infected adults and adolescents from the
Centers for Disease Control and Prevention (CDC), the National
Institutes of Health, and the HIV Medicine Association of the Infec-
tious Diseases Society of America include recommendations for
treating talaromycosis, also suggesting amphotericin B as the first-
line antifungal for severe cases, followed by weeks to months of
azole drugs.??
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All guidelines and recommendations underscore the impor-
tance of early diagnosis and appropriate antifungal treatment
tailored to the specific endemic mycosis and patient context. Given
the expanding geographic range of these infections, heightened
clinical awareness and adherence to updated treatment guidelines
are essential for an effective management.

Surveillance and public health implications

Underreporting and lack of mandatory surveillance conceal the
true burden of these mycoses. For instance, with regard to coccid-
ioidomycosis, the reporting of this disease is mandatory only in
a limited number of states across a few countries, including the
United States and Argentina. Enhanced surveillance and standard-
ized case definitions are needed to accurately monitor trends and
allocate resources.

The inclusion of most of the dimorphic fungi that cause SEM
in the WHO fungal priority pathogens list reflects concerns over
rising incidence, challenges in clinical management, and critical
gapsin surveillance, diagnostic capacity, and novel antifungal avail-
ability. One of the most important considerations may be the lack
of prevention methods for these diseases. Prioritization of these
fungi underscores the urgent need for targeted investments in diag-
nostics, therapeutics, and public health infrastructure, not only in
countries where they are endemic but also beyond their borders,
where inhabitants temporarily or permanently migrate. Scien-
tists living in countries where SEM are endemics have launched a
global call for their recognition as neglected diseases, which would
help channel research funding, international attention, and policy
development.'?

Conclusions

SEM, long considered geographically restricted sapronoses, are
increasingly being recognized as global health concerns driven
by a convergence of ecological, climatic, demographic, and clini-
cal factors. Shifts in environmental conditions, urban expansion,
migration, international travel, and rising rates of immunosuppres-
sion have all contributed to a dynamic epidemiological landscape.

Despite the common features of the fungi involved, including
the ability to cause disease in both healthy and immunocompro-
mised hosts, the variations observed in geographic scope in recent
years, and the significant morbidity and mortality, there are sig-
nificant gaps in our understanding of these mycoses. While SEM
remain curable if diagnosed and treated early, the non-specific
clinical presentations, limited diagnostic tools and a general lack
of awareness pose significant challenges. Although advances in
molecular diagnostics and antibody or antigen detection tests hold
promise, they are inconsistently available. Similarly, therapeutic
options rely on long-standing antifungals, with few novel agents
on the horizon. The development of point-of-care diagnostics,
affordable antifungals, and vaccines should be prioritized. Timely
recognition and accurate diagnosis are essential. Strengthening
surveillance systems, promoting clinician education, and updating
public health policies are critical to addressing this evolving threat.

The inclusion of several SEM agents in the WHO fungal pri-
ority pathogens list underscores the need for coordinated global
action. Enhanced surveillance, mandatory reporting, broader clin-
ician education, and investment in diagnostic and therapeutic
infrastructure are essential steps. In an age of increasing global
interconnectedness and immunological vulnerability, the view of
SEM as rare or exotic infections limited to specific regions is no
longer tenable. Instead, they represent expanding public health
threats that demand a proactive, multidisciplinary, and globally
informed response.
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