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Chapter

Epidemiology of Histoplasmosis
Nela Daniela Efrim, Elena Dumea and Roxana Carmen Cernat

Abstract

More prevalent than initially considered, histoplasmosis is primarily a  
non-contagious disease of the reticuloendothelial system, producing a broad spectrum 
of clinical manifestations, ranging from asymptomatic or self-limited infection, in 
immunocompetent patients to life-threatening, disseminated disease in  
immunocompromised ones. The causative agent is H. capsulatum, a thermally dimorphic, 
intracellular fungus, discovered in 1906, by the pathologist Samuel Darling, when 
examined tissues from a young man whose death was mistakenly attributed to miliary 
tuberculosis. Since then, histoplasmosis was described on six continents, with high 
and low endemicity areas. H. capsulatum is a soil-based fungus, commonly associated 
with river valleys in the temperate zone, and with the presence of bird and bat guano. 
Infection occurs when saprophytic spores are inhaled and change to the pathogenic 
yeast in the lungs, where H. capsulatum overcomes many obstacles to cause host 
injuries. Depending on geographic distribution, morphology, and clinical symptoms, 
three varieties have been historically recognized, two of them (var. capsulatum 
and var. duboisii) being pathogen to humans, and the third (var. farciminosum) has 
predominantly been described as an equine pathogen. In endemic areas, patients with 
AIDS or people who receive immunosuppressive therapies should be counseled to 
avoid high-risk activities; otherwise, precautionary measures should be taken.

Keywords: widely distributed, changing epidemiology, cellular immunity, 
occupational disease, global burden

1. Introduction

Fungi represent the second largest estimated species numbers after insects. Their 
kingdom comprises a huge variety of microorganisms, the newer estimates, based on 
data acquired from molecular methods, have predicted from 1.5 million fungal species, 
in some conservative estimates [1–4], to a spectacular 13.2 million, in others [5, 6], 
less than 150.000 species being merely cataloged to date [5–8]. For many years, it was 
believed that fungi were clinically insignificant, but the increased incidence of invasive 
fungal infections during the past 20 years has contradicted this hypothesis [9].

Compared to the enormous biomass of fungal species, the number of human 
pathogenic fungi is minuscule, but they exert a profound, global impact on human 
health. Billions of people are infected, [10] fungi causing more than a billion skin 
infections, more than 100 million mucosal infections, 10 million serious allergies 
[11], and more than 1.5 million deaths every year [4, 12]. Worldwide, mortality due 
to fungal infections exceeds that from breast cancer and malaria and is comparable 
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to that owing to tuberculosis and HIV, exerting a major threat to human health and, 
consequently, a huge burden to global healthcare budgets [11, 12].

In the past 15 years, in the world landscape, new species of fungi were yearly 
discovered at a rate varying from 2100 to 2600 species, most of them in Asia (41%) 
and Europe (23%), and a small part even in Antarctica (0.5%) (Figure 1) [8].

Also, the number of clinically relevant fungal species continued to grow, this fact 
being clearly demonstrated by their increasing number in the Atlas of Clinical Fungi, 
of which the first edition, in 1995, contained 320 species, while the fourth edition of 
the same book, published in 2020, counts more than 660 fungal species [13, 14].

Climate change will have an impact on the way we interact with our environment 
and, because fungi can easily adapt to these changes, the overall epidemiological pic-
ture of pathogens will also modify. This will likely expose us to varieties of fungi that 
humans and animals have never interacted with. Due to climate change, the diversity 
and number of soil microorganisms will undoubtedly change, as already seen with 
endemic fungi (Figure 2) and with the emergence of new fungal pathogens [4].

Furthermore, modern life-saving medical procedures and aggressive medical 
treatments may affect normal immune functions and, paradoxically, have given rise 
to large groups of people at risk for fungal infections. Patients at high risk include 
those with AIDS, those receiving immunosuppressive therapy, transplant recipients, 
and certain surgeries and those in intensive care settings [15, 16].

There is a growing body of evidence supporting the concern that climate change 
will affect the morbidity and mortality rates of infectious diseases, and that fungi will 
play an increasing role as primary or secondary pathogens [4].

Figure 1. 
Graphic map of the world’s continents showing the uneven distribution of newly described species of fungi. The 
size of each continent is proportional to the global percentage of new species published from there and mainly 
reflects both the quantity of taxonomic expertise and the presence of undescribed species in those areas. Also, the 
map reflects the location of most research activity and taxonomic expertise. Artwork Creative Services/ RBG Kew. 
[8]. https://nph.onlinelibrary.wiley.com/doi/10.1002/ppp3.10148.
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To infect and cause disease in healthy humans, true pathogenic fungi should meet 
four basic criteria: (i) growth at elevated human body temperatures, (ii) bypassing 
around or penetrating through surface host barriers, (iii) secretion of lytic enzymes 
for acquiring nutrients from the host tissues, and (iv) evasion or resistance to the 
host’s immune defense systems. The fungi that infect previous healthy humans rep-
resent a small group, many more invasive fungal infections now occurring in patients 
with underlying serious illnesses [15, 17].

The severity and outcome of infection is determined by both the extent of the 
exposure to the organism and by the immune status of the patient [18].

Therefore, with the expansion of the susceptible population and the increase 
in the frequency of mycotic infections, the mortality due to invasive mycoses was 
estimated at one and a half million deaths annually [12, 18].

Histoplasmosis is the most prevalent cause of fungal respiratory infections and 
has a vast spectrum of clinical manifestations, ranging from a self-limited, acute, 
influenza-like illness to a progressive disseminated life-threatening infection [19, 20].

2. Historical milestones for H. capsulatum and histoplasmosis

The first description of the disease was made in December 1905 by the pathologist 
Samuel Taylor Darling, when examining smears of tissues and bone marrow from a 
young carpenter from Martinique, whose death was mistakenly attributed to acute mili-
ary tuberculosis. Darling found an enormous number of small, oval, and round bodies, 
located in alveolar epithelial cells and in the plasma of the spleen and rib marrow, which 
he attributed to a parasite resembling to be closely related to Leishmania. He proposed 
the name H. capsulatum, because of the similarity of its halo with a capsule [21].

Only a few years later, in 1912, Henrique da Rocha Lima, inferring the mycotic 
nature of this pathogen, offered a correct depiction of the microorganism and recog-
nized H. capsulatum as a fungus [22].

The first case diagnosed in humans with an acute disseminated form of histoplas-
mosis was that of a 6-year-old child who died in 1932 [23].

Figure 2. 
Schematic overview of changes in the epidemiological landscape of fungal pathogens and associated changes in 
environmental parameters [4]. https://www.mdpi.com/2309-608X/7/5/367.
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De Monbreun cultivated and described the fungus from blood cultures taken 2 
days before death and from the spleen at autopsy, in 1934. Also, in 1939, a culture of H. 
capsulatum was isolated by the same De Monbreun from a case occurring in a dog. He 
noticed that primary isolated colonies contained both mycelial and yeast phases from 
the fungus and was able to convert the mycelial phase to the yeast-like one by inoculat-
ing susceptible animals. Ciferri and Radaelli managed to convert a strain of H. capsula-
tum to the yeast form by cultural methods, growing it on blood agar at 37°C [22].

In 1941, Zarafonetis and Lindberg prepared histoplasmin, which is a filtrate of 
a culture of H. capsulatum, in the mycelial phase [24]. On the African continent, 
histoplasmosis was first reported in 1942 by Duncan [25].

Four decades after it was first described, histoplasmosis was considered a rare, 
acute, and lethal disease, based on reported cases in the medical literature. Starting 
with 1945, this belief was contradicted by several investigators, arguing that, in fact, 
fatal cases were the exception rather than the rule, the infection occurring in certain 
areas of the USA, in an asymptomatic or benign form, rarely recognized clinically by 
physicians and being misdiagnosed as tuberculosis [26].

In 1945, Christie and Peterson were the first using histoplasmin in an epidemiolog-
ical survey, which clearly demonstrated the correlation between pulmonary calcifica-
tions and histoplasmin sensitivity in tuberculin-negative persons [27].

Also in 1945, Palmer confirmed the existence of subclinical cases of histoplasmo-
sis, which reacted positively to the histoplasmin skin test [28]. Only 1 year later, the 
same Palmer demonstrated that the highest frequency of histoplasmin reactors was 
discovered in the same area of the USA, where clinical cases of histoplasmosis had 
been repeatedly diagnosed [28].

Furcolow demonstrated in 1949 the development of asymptomatic, benign, pul-
monary infiltrations, indistinguishable from tuberculosis, in a group of tuberculin-
negative, histoplasmin-positive persons, using a series of chest radiographs over a 
three-year period [29].

In 1949, Emmons isolated macroconidia of H. capsulatum from soil samples, by 
examining saline suspension by direct microscopy and demonstrated that the fungus 
goes through a developmental saprophytic cycle in soil [30].

A first description as a new variant of Histoplasma was made by Vanbreuseghem 
in 1952, and, in honor of Professor Albert Dubois, who provided the isolates, the 
fungus was named H. capsulatum var. duboisii [31].

In 1969, Edwards and colleagues published the first map of histoplasmin skin 
reactivity in the USA, illustrating the endemicity of the disease primarily in the Ohio 
and Mississippi River valleys [32].

Kwon-Chung, in 1972, reported the observation of sexual reproduction of H. 
capsulatum [33] and, only a few months later, he stated that Emmonsiella capsulata is 
the teleomorph or sexual stage, resulting from the sexual compatibility + and – mat-
ing types of H. capsulatum (asexual stage or anamorph) [34].

In 2003, Hwang and his colleagues conducted the first large genomic study, which 
identified and compared genes that exhibit phase-specific patterns of expression in 
H. capsulatum, providing a more complete description of both the yeast and mycelial 
phases of the fungus [35].

Using the multilocus sequence typing (MLST) method, in 2003, Kasuga per-
formed the first analysis across the global distribution of the Histoplasma species. 
He found intermixed isolates from the three variants of Histoplasma in multiple 
phylogenetic clades and refined the classification of the fungus by identifying eight 
phylogenetic clades of H. capsulatum [36].
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In 2014, it was documented and reported transplacental transmission of H. capsu-
latum in a series of patients [37].

For the first time in the medical literature, cases of mixed infection with different 
mating types of Histoplasma were described in two patients living with HIV in 2019, 
in an endemic area of Brazil [38].

In 2022, H. capsulatum was first detected by molecular techniques in the soil and 
penguin excreta collected from the Antarctic Peninsula [39].

To guide research, development, and more robust public health actions, in 
October 2022 WHO developed the first fungal priority pathogens list (WHO FPPL) 
which included Histoplasma spp. in the high-priority group [40].

3. The epidemiologic triad of histoplasmosis

Like other infectious diseases, histoplasmosis results from the complex interac-
tion between the pathogen and the susceptible host in a favorable environment that 
supports the transmission of the agent from the source to that host.

3.1 Agent

Histoplasmosis is a worldwide distributed non-contagious fungal infection caused 
by H. capsulatum.

3.1.1 Characteristics of H. capsulatum

H. capsulatum is a thermally dimorphic, primary systemic, and endemic fungal 
pathogen. Thermal dimorphism implies the existence of the pathogen in two differ-
ent forms, depending on the temperatures. H. capsulatum presents itself, either in a 
hyaline mold in the environment or in the laboratory at 25–35°C, or in an intracellular 
budding yeast form in mammalian tissues or when grown on enriched medium in the 
laboratory at 37°C [41]. Thermal dimorphism is not restricted to the fungus morphol-
ogy, but also implies the shift between the saprophytic, avirulent mycelial form, and 
the parasitic, pathogenic yeast form [42].

The fungus is characterized as a primary pathogen because of its ability to cause infec-
tion both in previous healthy individuals and immunocompromised hosts and systemic 
for its tendency to involve deep viscera after dissemination from the lungs [17, 41].

In 95% of immunocompetent individuals, the infection with H. capsulatum evolves 
usually benign and asymptomatic. Histoplasmosis is life-threatening particularly in 
immunocompromised patients, clinical manifestations, and the prognosis of the dis-
ease depending on the size inoculum and virulence of the infecting strain [17]. Since 
the beginning of HIV pandemic in 1980s, histoplasmosis has also been considered an 
AIDS-defining illness starting with 1987 [43–45].

H. capsulatum is also known as an endemic fungus, its natural habitat being 
delimitated to specific geographic regions and infection is acquired by inhalation 
of the spores from that specific environment or geographic area. Endemic areas for 
histoplasmosis include Mid-western and South-eastern parts of the United States 
(especially Ohio, Mississippi, and Missouri river valleys), Central and South America, 
sub-Saharan Africa, Eastern Asia, and Australia [46].

In the kingdom of fungi, H. capsulatum specie belongs to the phylum Ascomycota, 
family Onygenaceae [47, 48].
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In fact, H. capsulatum is the asexual (anamorph) state of the fungus, which has 
a heterothallic form, designated Ajellomyces capsulatus or Emmonsiella capsulata 
(teleomorph or sexual state). The last is the perfect state of the fungus, being 
capable of producing sexual spores. When encountered and combined onto a 
sporulating medium, mating types (+) and (−) produce fruiting bodies containing 
asci. Although the mating type ratio in soil is 1:1, in isolates from patients the (−) 
mating type is found two to seven times more frequently than the opposite mating 
type [34, 49–52].

3.1.2 Classifications and mycology of H. capsulatum

H. capsulatum was historically classified, according to geographic distribution, 
morphology, host-association, and clinical manifestations, into three varieties: (i) H. 
capsulatum var. capsulatum, responsible for classic histoplasmosis, causing pulmonary 
and disseminated infection worldwide; (ii) H. capsulatum var. duboisii, causing pre-
dominantly skin and bone lesions, mostly in the African continent; and (iii) H. cap-
sulatum var. farciminosum, predominantly responsible for epizootic lymphangitis in 
equines. Morphologically, the two variants of H. capsulatum pathogenic for humans, 
cultured at 25°C, are macroscopically and microscopically indistinguishable. Growth 
is obtained on blood agar, chocolate agar, or Sabouraud’s agar. Macroscopically, the 
mold is slowly growing as white (A type) or tan to brown (B type) colonies, usually 
in 2 to 6 weeks. The A type grows faster, is nonpigmented, and loses its ability to 
produce spores when subcultured. Also, yeast cells produced from the A type are less 
virulent in mice than those obtained from B type [49]. Microscopic evaluation of 
the mold reveals the mycelium, with septate, hyaline hyphae producing two types of 
conidia (Figure 3) Macroconidia are large (8–15 μm in diameter), spherical, thick-
walled bodies formed on short, hyaline conidiospores. Their surface is decorated with 
spike-like or finger-like projections, hence the name tuberculate macroconidia, which 
represents the typical microscopic structure for presumptive diagnostic. Microconidia 
are small (2–4 μm in diameter), smooth-walled, oval to pyriform bodies, sessile or 
attached on short stalks, at right angles, on the sides of the hyphae. These conidia are 
considered infectious forms due to the small size that allows them to penetrate up to 
the level of the alveoli.

When cultured at 37°C on enriched media (such BHIA—brain heart infusion 
agar containing blood), both H. capsulatum var. capsulatum and H. capsulatum var. 
duboisii develop smooth, creamy, moist, and yeast-like colonies. Initially, the colony 

Figure 3. 
H. capsulatum grows in the soil as a saprophytic mold (left). After inhalation, triggered by the temperature of the 
mammalian host, converts to the pathogenic yeast form (center) capable of intracellular replication within host 
macrophages (right) [53]. https://bmcmicrobiol.biomedcentral.com/articles/10.1186/1471-2180-11-216.
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appears white or cream-colored and becomes gray with age. Microscopically, there are 
differences in yeast-like colonies between the two varieties of Histoplasma. Numerous 
round to oval budding, uninucleate yeast-like cells are revealed, small (2–4 μm) and 
thin-walled for H. capsulatum var. capsulatum, and large (8–15 μm) and thick-walled 
for H. capsulatum var. duboisii. The yeast cell reproduces by polar budding, resulting 
in the characteristic narrow bridge appearance (Figure 3) between the mother cell 
and the daughter cell [48, 49, 54].

The cultures of H. capsulatum are associated with high individual risk and require 
Class II Biological Safety (BSCII) precautions [49].

Between 1986 and 1992, Vincent, Spitzer, Keath, and their colleagues performed 
genetic studies by comparing soil, human or veterinary isolates and finally classified 
H. capsulatum into six genotypes or classes, correlated with a peculiar geographic 
distribution [55–57].

Using DNA sequence variations of protein-coding genes of isolates from six con-
tinents, in 2003, Kasuga and colleagues defined eight phylogenetic clades grouped in 
seven phylogenetic species, as follows: (i) North American class 1 clade (NAm 1); (ii) 
North American class 2 clade (NAm 2); (iii) Latin American group A clade (LAm A); 
(iv) Latin American group B clade (LAm B); (v) Australian clade; (vi) Netherlands 
(Indonesian?) clade; (vii) Eurasian clade—harboring isolates from China, India, 
Thailand, Egypt, and England; (viii) African clade. Each clade represents a geneti-
cally isolated specie, with only one exception, the Eurasian clade, which originated 
from LAm A specie. Thus, the original classification of Histoplasma became obsolete, 
H. capsulatum var. capsulatum being found in all phylogenetic species, H. capsula-
tum var. duboisii belonging to African phylogenetic species, and H. capsulatum var. 
farciminosum being placed in NAm 2 and African phylogenetic species and, mainly, 
in the Eurasian clade [36].

The studies carried out by Teixeira and colleagues refined this classification, and 
the number of phylogenetic species was increased to 11. He split LAm A and LAm B 
phylogenetic species into LAm A1 and LAm A2, respectively LAm B1 and LAm B2. 
Also, he added to the classification two new phylogenetic species, Rio de Janeiro—RJ, 
and a bat-associated clade—BAC1 (from Mexico), the last one being renamed NAm 3 
for his similarities with NAm 2 [58].

In 2019, another improvement in phylogenetic classification of histoplasma was 
made due to Damasceno’s et al. research on HIV-positive patient isolates from the 
northeastern part of Brazil. Two new monophyletic species were added to the previ-
ous classification of H. capsulatum, named Northeast BR 1 and Northeast BR 2 [45].

Using whole-genome data, Sepúlveda advanced a more robust analysis, dividing 
30 isolates into 5 independently evolving lineages, which he considered separate 
phylogenetic species. He proposed another classification of the genus Histoplasma as 
follows: H. capsulatum sensu stricto (referring to the Panamanian lineage—H81), H. 
mississippiense (formerly known as NAm 1), H. ohiense (formerly known as NAm 2), 
H. suramericanum (formerly known as LAm A), and African clade [59].

Depending on the chemical differences of the wall, the yeast form of H. capsula-
tum is classified as chemotype I, when the α-(1,3)-glucan layer is absent and the fibers 
are entirely β-linked or chemotype II, when the wall contains a mixture of an α and 
β-(1,3)-glucans [60].

Chemotype I appears to be more virulent, being accountable for most infections 
in immunocompetent individuals in North America. Additionally, in mouse models, 
same chemotype causes more severe forms of disease than chemotype II [61].
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3.1.3 Life cycle of H. capsulatum

The life cycle of the fungus does not necessarily require the yeast-phase transi-
tion and infection of a mammalian host. Rather, human infections are believed to be 
accidental, the resulting systemic mycoses being an unfortunate consequence of the 
fungus ability to adapt during its evolution as a species when encounter the hostile 
environment of the human body [61–63].

In the soil, the mold form of H. capsulatum may reproduce by either sexual or 
asexual process. In sexual reproduction, the haploid nuclei of two opposite mating 
types, if encountered, fuse to form a diploid nucleus, which then divides by meiosis 
and produces ascospores. The mycelia are also able to asexually reproduce by mitotic 
division, the process being known as conidiation. As a result of conidiation is the 
production of vegetative budding spores: macroconidia and microconidia. These 
conidia can germinate in the soil and further, depending on temperature, can adopt 
either the mold or the yeast form [64]. When the soil is disrupted, conidia and frag-
ments of hyphal mycelia become aerosolized and are inhaled by a susceptible host. 
Once entered the lungs of the host, triggered by the warmer body temperature, these 
infectious propagules germinate within distal bronchioles and pulmonary alveoli and 
convert to budding yeast. The yeast is phagocytized by immune cells and reaches the 
regional lymph nodes, from where it can spread to other parts of the body through the 
bloodstream (Figure 4) [48, 62, 64].

Figure 4. 
Life cycle of H. capsulatum. The environmental form of H. capsulatum is a mold (1) with aerial hyphae, 
producing saprophytic spores (2) which are aerosolized and inhaled by the susceptible host (3). In the lungs (4), 
their transformation into the parasitic form of yeast takes place and, consequently, their dissemination through 
the lymphatic system (5) and then through the blood (6) to other organs. https://www.cdc.gov/fungal/diseases/
histoplasmosis/causes.html
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3.2 Host

The incubation period of the disease is not known with certainty [65], but some 
authors suggest an interval between 3 to 21 days [46, 66].

The extent and severity of the clinical picture of the disease are determined by the 
amount of conidia inhaled, the effectiveness of the host’s cell-mediated immunity and 
the virulence of the infective strain of Histoplasma [48, 62, 67].

In most immunocompetent individuals, the infection is mildly symptomatic or 
even asymptomatic. About 95–99% of the primary infections in endemic areas have 
never been diagnosed as being histoplasmosis. However, acute severe pneumonia 
and chronic progressive pulmonary histoplasmosis can also occur in a healthy person 
if many conidia are inhaled. In individuals with impaired cell-mediated immunity, 
even a small inoculum or a previously considered avirulent strain can cause life-
threatening to fatal disease [41, 48, 54, 62, 67, 68]. H. capsulatum primary infection 
can remain in a latent, quiescent state, without any symptoms, even for decades, and 
can reactivate if the host’s immunosuppression occurs [48, 49, 68].

Patients at high risk for reactivating latent infection and developing disseminated 
histoplasmosis are those chronically receiving corticosteroids or chemotherapy, those 
receiving anti-cytokine therapies (tumor necrosis factor alpha or gamma interferons 
antagonists), individuals who have received solid organ transplantation, and patients 
with advanced HIV infection [63, 67]. Additional risk factors for histoplasmosis 
include smoking [69], COPD [70], extreme ages (infants younger than 2 years old, 
elderly older than 50 years old) [71], and genetics deficiencies (IFN-γ receptor 1 
deficiency or histocompatibility complex haplotypes) [72, 73].

Histoplasmosis is reported among wild animals (rodents, marsupials, sloths, spot-
ted skunks, opossums, baboons) and domestic animals such as cats, dogs, and horses 
[52, 65].

Some animal reservoirs could be used as sentinels in epidemiological surveillance 
of the disease in a defined territory, due to potentially wider environmental exposures 
and limited travel [74].

3.3 Environment

3.3.1 Natural habitat

The existence of H. capsulatum has been reported on all continents, including 
recently in Antarctica [39].

Although, in the past, histoplasmosis was reported in tropical and subtropical 
areas between latitudes 45°N and 35°S, autochthonous cases have been reported, in 
recent decades, in both Canada and Patagonia, demonstrating a geographical disper-
sion at extreme latitudes of H. capsulatum. The wide geographic spread of the fungus 
may be the result of behavioral changes in its natural reservoirs and dispersers as well 
as climatic changes in its natural habitat [75].

The natural habitat for H. capsulatum is soil enriched with bat guano or bird 
droppings, which favors the growth of its mycelial phase. Once contaminated, the 
fungus persists for many years in the soil under black bird roosts and chicken farms, 
even after the birds no longer stay in the area [15, 49]. Numerous other species 
of birds were strongly associated with H. capsulatum habitats: grackles, pigeons, 
starlings, and oil birds [76].
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The fungus prefers the dark areas where temperatures are 22–29°C, near water-
courses with humidity above 60%, and with porous, slightly acidic soil, high in 
nitrogen, and phosphorus elements [45, 68]. These conditions allow this geophilic-
saprotrophic fungus to absorb the required nutrients from organic matter in soil and 
to unimpeded proliferate in the environment [47, 62]. Conidia of H. capsulatum were 
also isolated from air and water specimens [76].

3.3.2 Transmission routes

Typically, the portal of entry of H. capsulatum is the lung and the main transmis-
sion mode is indirect, through the inhalation of airborne infectious propagules from 
the environment. However, few cases of histoplasmosis have been attributed to indoor 
transmission of Histoplasma spores through building air handling systems or cleaning 
air ducts [77], through inhaling contaminated cocaine [78] and aerosolized conidia 
produced by composed organic fertilizers [79].

The infection is not contagious, airborne transmission by nasal secretions or direct 
host-to-host transmission of the fungus have never been established [61, 64, 75, 80]. 
Although exceptional, the vertical transmission route has been reported in newborns 
of mothers who manifested the disease in the last trimester of pregnancy, while 
receiving anti-TNF therapy or in the setting of HIV infection [80].

Also, donor-to-recipient fungal transmission through an infected allograft has 
been clearly documented [81, 82]. The incidence is rare (1 case per 1000 person-
years) most infections occurring within 1–2 years after transplantation [83].

The transcutaneous route of transmission has also been suggested, especially in 
H. capsulatum var. duboisii, but the evidence is sparse, supported in some studies by 
the appearance of lesions at acupuncture needle pricks after mud baths and tattoos 
[65, 67, 84], or by sharing needles with an infected patient [85].

3.3.3 Risk factors for epidemiological process

Bats play a more important role than terrestrial mammal hosts in dispersion and 
transmission of the infection because of their ability to cross long distances and to 
spread the mycelia. The infected bats are also natural reservoirs of H. capsulatum, 
returning the fungus to the environment through their urine, feces, and carcasses. 
Although immune to disease, starlings and black birds contribute to the spreading of 
spores on their feathers, beaks, claws, and feet over short distances and, on the other 
hand, favor the mycelial growth in the soil through their droppings rich in nitrogen 
and phosphorus [48, 49, 75]. Wind, storms, airstreams in bat caves, and other natural 
environmental phenomenon are promoting factors for the epidemiological process. 
Poorly protected water supply basins or wells can be contaminated by water from 
sanitary and storm sewers that have washed away the soil, manure, dust, and decayed 
wood harboring H. capsulatum [86].

Studies performed to investigate the longevity of H. capsulatum in composed 
organic fertilizers obtained from hens and chicken manure demonstrated that some 
of them are associated with an important risk of infection by fungal-aerosolized 
conidia [75, 79].

Invasion and deforestation of the natural habitats of bats and birds and acceler-
ated urbanization by disrupting the environment by excavation and construction are 
significant risk factors for producing air-borne conidiospores of H. capsulatum, and 
consequently infections [46, 75]. Once predominant in rural areas, histoplasmosis 
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became more prevalent in urban areas and was classified as an occupational and 
recreational disease. Builders, constructors, housekeepers, farmers, gardeners, tree 
cutters, hunters, speleologists, archeologists, and microbiology laboratory workers 
are at increased risk of acquiring occupational histoplasmosis. Outdoor recreational 
activities such as traveling in endemic areas, cave exploration, bird and bat watching, 
golf and tennis courses, and visiting amusement parks could be at risk of acquiring 
the fungus [45, 66, 79].

Histoplasmosis appears to affect all age groups from 13 months to 70 years [65], 
with a predominance of cases in men (2:1 male-to-female ratio), which might be 
related to outdoor occupational exposure [87].

3.3.4 Forms of manifestation of the epidemiological process

An “endemic disease” is, by definition, one “occurring frequently in a particular 
region or population.” Histoplasmosis occurs, with low or greater endemicity, in some 
known areas, more frequently in some populations (e.g., up to 25% of people living 
with HIV in hyper-endemic areas develop manifest histoplasmosis) [88]. In certain 
locations from Americas, and parts of Asia and of Africa, skintest surveys indicate 
that more than half of the population acquired histoplasmosis early in life [89].

The epidemic form of histoplasmosis is usually associated with outbreaks. An 
outbreak is defined as involving at least two cases, usually originating from the same 
known source [77].

Outbreaks of histoplasmosis are closely related to exposure, especially of immu-
nocompetent individuals, to a large amount of aerosolized conidia of H. capsulatum 
during occupational activities that disturb vegetation and soil, containing bird or bat 
droppings, or during recreational trips to abandoned archeological sites or bat caves 
[45, 90, 91]. Although most infections are not outbreak-associated [91], individuals 
acquiring histoplasmosis during an outbreak may experience more intense exposures 
and thus potentially develop more severe disease than persons sporadically infected 
[90]. Due to high dose exposure during outbreaks, attack rates have been estimated 
at 50–100% [92].

During outbreaks and in high-risk groups, the incidence of cases is higher than 
100 per 100,000 inhabitants [52]. The epidemic form of manifestation of the epide-
miological process is mainly described in some Latin American countries, but numer-
ous reports also described outbreaks of histoplasmosis in the US and Canada prior to 
the 1980s [77]. In recent years, this type of exposure affects more people due to the 
shift of outbreaks from rural to urban areas [4].

Sporadic or isolated cases are related to passive exposure during normal daily 
activities, are usually diagnosed outside areas recognized as endemic, and cannot be 
associated with a specific situation or known source of infection [48, 74]. Estimative 
data suggest that only 1% of sporadic infections are symptomatic [92].

Histoplasmosis occurs infrequently in persons living in non-endemic areas, but 
increasingly imported cases are recognized and diagnosed in immigrants or after 
traveling in endemic locations, especially in individuals with impaired cellular 
immunity [89].

3.3.5 Distribution and burden of the disease

Histoplasmosis has a wide distribution around the globe, being reported on all 
continents excepting Antarctica.
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The real burden of the disease seems to be underestimated because it is frequently 
misdiagnosed as tuberculosis [52], community-acquired pneumonia or other acute 
lower respiratory tract infections [93], and underdiagnosed due to poor availability 
of diagnostic tests [94]. In addition, the incidence of the disease is poorly described 
even in areas known to be endemic, since histoplasmosis is not a nationally notifiable 
condition by the clinicians, even in the USA [93]. However, recent global estimates 
found almost 500,000 cases of histoplasmosis and approximately 100,000 cases of 
disseminated histoplasmosis occurring annually [12].

Although exposure to H. capsulatum was initially thought to be limited to the 
traditional area described by the well-known Edwards’ map, with the onset of the 
HIV pandemic in 1980s and the emergence of new cases outside this area, this theory 
has been challenged [69].

Consequently, an increasing number of reported cases, both from areas previ-
ously known and from areas not known to be endemic, disclosed a wider geographic 
distribution of the fungus than historically described (Figure 5) [69, 94].

According to Global Action for Fungal Infections (Gaffi), the case fatality rate 
of disseminated histoplasmosis is 15–30%, if timely treated, and more than 80,000 
deaths with this diagnostic were estimated annually [95].

Since 1987, the disseminated form of histoplasmosis is considered an AIDS-
defining event [96]. In people living with HIV (PLHIV) in endemic areas, the 
annual incidence of progressive disseminated histoplasmosis (PDH) is about 5%, 
with mortality rates remaining high, even with the availability of antiretroviral 
therapy (ART) [97].

In hyper-endemic areas up to 25% of PLHIV develop clinical histoplasmosis [88] 
and an estimated 20% will develop PDH, with fatal prognosis without timely diag-
nostic and therapy [97]. The annual incidence of the disease was estimated from 0.1 
to 100 cases per 100,000 inhabitants, with the lowest rates described in temperate 
territories and the highest in tropical areas [52]. The incidence varies within conti-
nents and territories, histoplasmosis being known to be highly endemic in central and 
eastern areas of North America (in the Ohio and Mississippi River Valleys), Central 
and South America, and parts of sub-Saharan Africa [46, 62, 63]. The disease is also 
endemic in patchy regions of Southeast Asia and Australia [98, 99] and sporadically 

Figure 5. 
World map estimating regions most likely to have histoplasmosis based on literature review (2020) [94]. https://
link.springer.com/article/10.1007/s11046-020-00431-2.
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reported in the remained continents, except Antarctica. Recently, the fungus has been 
detected in soil and penguin droppings even in the Antarctic peninsula [39].

The geographic distribution of H. capsulatum in the North America remains still 
unclear and requires further investigations [100].

In highly endemic areas around the US river valleys, population skin delayed type 
hypersensitivity to histoplasmin is around 90%, meaning that residents of these areas 
were exposed to the primary infection at some point in their lifetime [16, 69].

In most of them the infection is inapparent, asymptomatic and only less than 1% 
of them will develop the disease [101].

Extrapolating these figures to the entire population, nearly 50 million Americans 
are latently infected with H. capsulatum [16]. Epidemiological reports and studies 
have shown many cases of histoplasmosis diagnosed in humans or animals outside 
historically recognized endemic areas. The distribution of these cases extends beyond 
the originally defined boundaries of the US river valleys [43, 94], encompassing states 
in the north (Minnesota, Wisconsin, Michigan), northeast (New York), and west 
(California, Arizona, Idaho, and Montana) [74].

However, the real picture of Histoplasma geographic distribution, potential 
exposure, and relevant host factors is still incomplete in the USA, histoplasmosis 
not being part of the diseases with mandatory national notification, being volun-
tary reported only in 13 states. These states do not necessarily include the relevant 
ones where histoplasmosis has traditionally been diagnosed. A recent CDC report 
summarizes 2019 US surveillance data on histoplasmosis and confirmed that 
Histoplasma causes substantial illness in the USA, with the high rates of hospitaliza-
tion and death. Reported data rely on the national case definition established in 
2017 by the Council of State and Territory Epidemiologists (CSTE), which classifies 
histoplasmosis cases as confirmed or probable based on laboratory, and clinical and 
epidemiological criteria. The findings showed that the overall incidence of histo-
plasmosis was 1.8 cases per 100,000 population, 54% of patients were hospitalized, 
and 5% died. Three northeastern states were accountable for 65% of the cases: 
Minnesota (19%) with an incidence rate of 3.8, and Michigan (20%) and Illinois 
(26%) with a rate of 3.2 each [93]. Using county-level data on histoplasmosis cases 
reported between 2011 and 2014 in 12 states (covering the eastern half of the USA), 
a recent estimate from 2022 supports the hypothesis of a shift in the presence of H. 
capsulatum toward the northeastern and central states around the Great Lakes and 
the Atlantic coast [100].

In a retrospective study performed between 2002 and 2017 in PLHIV in the USA, 
the overall mortality rate proved to be 37% with an early mortality of 14.8% and late 
mortality of 22.2%, with no statistically significant difference in survival in those 
treated with HAART [102].

In the USA, there are estimated 25,000 cases of life-threatening Histoplasma 
infections [18] and over 5000 histoplasmosis-related hospitalizations annually 
[70, 87]. Between 2001 and 2012, the proportion of histoplasmosis-related hos-
pitalizations in people with diabetes, transplanted or receiving biologic agents 
had increased, while in people living with HIV/ AIDS had decreased from 21.5% 
to 17.3%. The mean length of histoplasmosis-associated hospitalizations is almost 
double compared with that non-histoplasmosis related. In 2012, the total burden for 
histoplasmosis-related hospitalizations was estimated at $371 million [70].

In Canada, histoplasmosis is considered endemic in the regions adjacent to 
the St. Lawrence River and the Great Lakes, especially Quebec and Ontario. A 
northward expansion of the disease has been observed, evidenced by a continued 
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increase (0.05 to 0.25 per 100,000 people) in confirmed cases of histoplasmosis in 
Alberta between 1990 and 2015 [43, 94, 103].

Histoplasmosis is endemic in Central and South America [94], excepting the 
western part of the two continents (west Mexico and Peru, and most of Chile) [43]. 
Histoplasmin skin test sensitivity average is 32% in the general population of Latin 
America [94]. High-endemicity areas are Guatemala, Brazil, Venezuela, Ecuador, 
Uruguay, Paraguay, and Argentina [16].

The variability of histoplasmin test results is high in the states of Latin America, 
with rates of nearly 90% in Guatemala, some areas of Mexico [69] and Southeastern 
Brazil, 63% in Midwestern Brazil [16], 42% in Trinidad and Tobago and Venezuela, 
and 37% in Costa Rica and Nicaragua [94].

Histoplasmosis is an increasing challenge for the Latin American population, 
especially the disseminated form of the disease occurring in HIV-positive patients 
[68]. In PLHIV histoplasmosis is as widespread as tuberculosis [94]. Some studies 
estimate more than 15,000 new histoplasmosis cases occurring annually [104] and up 
to 30% mortality rate [105].

In a large prospective cohort study, conducted in Guatemala between 2005 and 
2009, which enrolled HIV-positive patients with suspected histoplasmosis, crude 
mortality in patients with histoplasmosis was 43.6 versus 30.8% among no-histo-
plasmosis patients. Also, early mortality rate was 24.8% among histoplasmosis cases, 
statistically significantly higher than non-histoplasmosis ones (9.3%). Coinfection 
with Mycobacterium tuberculosis was found in 9.9% of patients [106], data which is 
similar with other findings from some Latin America countries where mycobacte-
rial coinfection was reported in 8% (in French Guiana) to 15% (Panama) of HIV+ 
patients with Histoplasma infection [107].

Interestingly, patients infected with Histoplasma alone had lower survival rates 
than those coinfected with Histoplasma and M. tuberculosis [106].

A robust study of more than 58% of the newly diagnosed HIV patients, reported by the 
national HIV program during 2017–2018, in Guatemala found that histoplasmosis was the 
most common opportunistic infection, with an overall incidence of 7.9%, varying from 
1.1 to 19.7% in patients with CD4 cell counts higher than 350 cells/mm3 and lower than 
50 cells/mm3, respectively. Of all patients enrolled, 18.1% had opportunistic infections, of 
which 36.4% was histoplasmosis. In those with two underlying opportunistic infections, 
histoplasmosis was frequently associated with cryptococcal disease and tuberculosis in 
35.5 and 32.3% of cases, respectively. Mortality rates in disseminated histoplasmosis were 
significantly statistical higher than in non-disseminated cases (32.7 versus 13.3%) [108].

A screening program for histoplasmosis in HIV-positive patients in Guatemala 
showed an increasing trend in the number of newly diagnosed cases of histoplasmo-
sis, with the annual incidence rising from 6.5% in 2017 to 8.8% in 2019. As a result 
of early diagnosis and rapid initiation of treatment, 180-day mortality rates showed 
an annual downward trend, from 32.8% in 2017 to 21.2% in 2019, underscoring the 
importance of implementing screening programs in endemic areas and populations at 
risk for decreasing mortality [109].

In a cohort of HIV-infected patients from French Guiana followed between 2010 
and 2019, disseminated histoplasmosis was the most common opportunistic infection 
with an early case fatality rate of 3.9 within 1 month of diagnosis. It is important to 
emphasize that the analysis of the evolution of histoplasmosis cases showed that as 
diagnosis rates improved and, consequently due to treatment, the huge early fatality 
rate (40%) from 1992 to 1997 decreased more than 10 times in this cohort, leading to 
better outcomes in most patients with disseminated form of disease [110].
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A systematic review of 3530 published cases of disease and isolates of H. cap-
sulatum from environmental and animal sources between 1939 and 2018 in Brazil 
showed that histoplasmosis is endemic throughout Brazil, especially in Northeastern, 
Central-Western Southeastern, and Southern areas. Disseminated histoplasmosis was 
the prevalent form of disease, described in more than 80% of reported cases in Brazil. 
The main underlying condition was HIV infection, found in 97.2% of patients with 
immunosuppression. Coinfection with M. tuberculosis was found in 10.37% patients, 
these findings being like those found in Guatemala and other Latin American coun-
tries. Mortality rate was 33.1% [111]. The north-eastern state of Brazil, the estate of 
Ceará, is a highly endemic area of histoplasmosis, with many disseminated histo-
plasmosis cases in people living with HIV, being considered the area with the highest 
mortality rate due to histoplasmosis (33–42%) [45, 112].

Genetic diversity among isolates and sexual reproduction of H. capsulatum in 
Brazilian population support the hypothesis that Brazil is the center of origin of 
Histoplasma spp. in Latin America, most likely with the contribution of migratory 
birds and bats [52].

On African continent, despite the significant number of people living with HIV, 
histoplasmosis remains an underdiagnosed and neglected disease. The lack of skin 
tests surveys necessary to develop a much more detailed geographic understand-
ing of the distribution of the disease has impeded the clear delimitation of areas of 
hyperendemicity.

An exhaustive review on histoplasmosis cases reported from 32 African countries 
between 1952 and 2017, performed by Oladele and her colleagues, reveals a compre-
hensive picture of the disease distribution across the continent. Both varieties of 
H. capsulatum coexist in the African territory, H. capsulatum var. capsulatum (Hcc) 
being found predominantly in Southern and Northern Africa and H. capsulatum 
var. duboisii (Hcd) being prevalent in the West, Central, and East of the continent. 
Moreover, Hcc is found mostly in HIV-positive adults, while Hcd is reported espe-
cially in immunocompetent children [113]. Although less common in the African 
AIDS patients, Hcd is more likely to produce the disseminated form of the disease 
[94, 113] with a case fatality rate around 23% [65].

The disease is more prevalent in Western Africa (especially Nigeria), Southern 
Africa (South Africa and Zimbabwe), and Central-Eastern countries (Congo, 
Uganda) with a nonuniform distribution of isolated cases in many other states across 
the continent [94, 113].

Of the total number of cases reported in Africa, Nigeria accounts for more 
than a quarter (26.4%), all exclusively involving Hcd and, with an overwhelming 
majority (96.7%), in HIV-negative patients [113]. Interestingly, Nigeria has high 
variable rate in the histoplasmin reactivity test between rural (35%) and urban 
areas (4.4%) [94, 113].

Hcc was the exclusive causative microorganism, affecting almost equally the 
HIV-positive and the negative population in South Africa, which had 13% of the 
cases of histoplasmosis in Africa. In Zimbabwe, the percentage of cases was 12% of 
mainland cases, diagnosed exclusively in HIV-positive patients, all but one caused 
by Hcc [113].

The prognosis of disseminated histoplasmosis in Africa is poor, fatality rates 
varying between 23% for H. capsulatum var. duboisii and 50% for H. capsulatum var. 
capsulatum infections [84, 114, 115].

Within Asia, histoplasmosis is endemic in China, especially along the Yangtze 
River [116], Thailand, South Korea, and India [17].
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A study of hospitalized patients and healthy residents in China found overall 
values of histoplasmin reactivity of 9.0%, with higher values in Jiangsu province 
(15.1%) [117].

In Sichuan Province, histoplasmin test positivity was found between 21.8% in 
healthy adults and 28.6% in hospitalized TB patients [118].

A review of 300 cases of histoplasmosis recorded in China between 1990 and 
2011 found three quarters of cases in southeastern territory, along the Yangtze River. 
More than 85% were patients with disseminated histoplasmosis, most of them with 
underlying immunocompromising conditions such as HIV infection, diabetes, and 
liver disease [116].

A study of 4211 lifelong residents of Thailand found uneven distribution in the 8 
regions studied, with histoplasmin sensitivity ranging from rates of 4.8% in the north 
and northeast to 34.4% in the south and center, which are among the highest reported 
in Asia. Due to the endemicity of Talaromyces marneffei in the region, the hypothesis 
of overestimation of the sensitivity to histoplasmin through cross-reactivity with this 
fungal antigen was issued [119].

In Thailand, histoplasmosis is reportable to the Ministry of Public Health, and 
between 1984 and 2010, a total of 1253 cases were documented among exclusively 
patients living with HIV in this country [120].

In Myanmar, a study of histoplasmin skin test sensitivity in prisoners and their 
families showed rates ranging from 8.4 to 27.1% [98, 121].

Cases of histoplasmosis have also been reported in other Southeast Asian coun-
tries, where histoplasmin reactivity ranges from 2.7–63.6% in Indonesia, 11.8% in 
Malaysia, 33.7% in Vietnam, and 6.4–26% in the Philippines, supporting the hypoth-
esis of the endemicity of histoplasmosis in these areas [94, 98].

Histoplasma has been known to be present in India for many years since it was 
first reported to be present in the soil of Gangetic Plain in 1975 [122]. Most cases of 
histoplasmosis were reported in north-eastern areas, especially West Bengal and 
Assam states, crossed by the Ganges, Yamuna, and Brahmaputra Rivers. Yet, it is very 
likely that the number of cases is underestimated, due to misdiagnosis as tuberculosis 
or leishmaniasis [123, 124]. The histoplasmin test positivity rate reported in a study 
between 1950 and 1970 was 12.3% in northern India [125].

In a retrospective analysis of cases published between 2001 and 2015, it was found 
that most of them were reported in the north-eastern part of India, six times more 
frequently in men than in women, and were associated with agricultural activity. 
Patients with underlying immunocompromising conditions were around 33% of 
cases, of which HIV infection was the main cause of immunosuppression. The mor-
tality rate was 27.5% in immunosuppressed versus 10% in immunocompetent patients 
with histoplasmosis [124].

In Japan, histoplasmosis is rarely reported, and most diagnosed cases are consid-
ered imported from endemic areas [44]. A study on 187 bat guano samples collected 
from 67 bat-inhabited caves in Japan was unable to detect H. capsulatum, by either 
method [126].

Isolated and scattered cases of locally acquired histoplasmosis have been reported 
since 1948 in all Australian states except Tasmania. Endemic areas are Queensland 
and northern New South Wales, regions traversed by the long Dumaresq and 
Macintyre rivers. In a report of cases and literature review of cases in Australia, 41% 
of disseminated form was found in HIV infected patients. The prognosis of patients 
with disseminated disease was poor, this form being associated with a 30% recurrence 
rate and a 37% mortality rate [99].
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Europe is a non-endemic area for histoplasmosis, and the disease is rarely reported 
and is considered a predominantly imported disease. The majority of cases are linked 
to travel in endemic areas or immigration [127].

In a review of 118 cases of histoplasmosis diagnosed in Europe between 1995 
and 1999, more than 93% of patients had a history of migration or travel to a known 
endemic area. The remaining 6.8% were considered autochthonous European cases, and 
these patients having no travel history outside their country of origin (Italy, Turkey, and 
Germany). Notably in this survey, cases of disseminated histoplasmosis were diagnosed 
among elderly residents of the United Kingdom who fought in India and Myanmar 
during World War II and who had not left their country of origin for over 50 years after 
returning from the war. Out of 8 non-imported cases, Italy was the country with the 
most cases diagnosed as autochthonous [128]. This is consistent with the isolation of 
H. capsulatum in the soil [129] and dogs [130] in the Po Valley area in Italy and with the 
histoplasmin positivity rate of 1.2% in the population of this area. Few sporadic cases of 
autochthonous histoplasmosis have also been described in Spain [131].

A more recent systematic review of histoplasmosis cases in the literature identified 
223 patients diagnosed between 2005 and 2020 in 17 European countries and Israel. Only 
eight cases were classified as autochthonous (four in Italy, two in Spain, one in Ireland, 
and one in Israel), the remaining majority of 96.4% being imported, especially from Latin 
America and Sub-Saharan Africa. More than 64% of imported cases of histoplasmosis 
were diagnosed in 3 European countries: Spain (36.7%), France (19.5%), and Italy (7.9%). 
The other countries reporting the remaining cases of imported histoplasmosis were 
the Netherland, Germany, Switzerland, United Kingdom, Poland, Austria, Slovenia, 
Portugal, Greece, Ireland, Sweden, Belgium, Finland, Denmark, and Israel. Most of the 
cases were recorded in HIV-infected patients (over 51.1%), in whom progressive dissemi-
nated histoplasmosis was the most common form of clinical presentation (89.47%). The 
patients with other immunocompromising diseases were 12.5%, histoplasmosis manifest-
ing in its disseminated form in 57.1% of these cases. In a smaller percentage (6.2%), the 
picture of progressive disseminated histoplasmosis was also encountered in immuno-
competent individuals. The worst outcome of histoplasmosis (32% mortality rate) was 
registered in patients with other than HIV underlying immunocompromised conditions, 
while in patients living with HIV infection the mortality rate was 24.3% [132].

In conclusion, doctors from non-endemic areas must consider in certain cases the 
differential diagnosis with histoplasmosis in immunosuppressed patients and espe-
cially in those with HIV infection, because early diagnosis and rapid institution of 
therapy improve the outcome of the disease and patient’s survival [97].

4. Pathogenesis

In most cases, the onset of infection occurs via inhalation of airborne micro-
conidia or mycelial fragments of H. capsulatum [133]. The portal of entry are the 
lungs, the fungus bypassing the innate defenses of the host (muco-ciliary clearance, 
nasal and pharyngeal mucus, and pulmonary surfactant) and reaching the terminal 
bronchioles and pulmonary alveoli [54].

Shortly after it was inhaled, triggered by the body temperature, it undergoes the 
dimorphic switching to the budding yeast form within hours and is deposited in 
macrophages [64].

It may happen that the conidia enter the alveolar macrophages and become yeast 
there, or the transition occurs first and then the yeast enters the macrophages.
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Fungus internalization into the macrophages is determined by a couple of specific 
immune evasive mechanisms: i.) Histoplasma maximizes macrophages recognition 
through heat shock protein 60 kDa (HSP60), which mediates the fungal detection 
and binding by the CD18 integrin family of receptors, on the surface of the macro-
phages [62, 64]. ii.) Concomitantly, H. capsulatum minimizes detection of immunos-
timulatory β-glucans by Dectin-1 receptors of dendritic cells both by synthetizing an 
α-(1,3)-glucan layer covering its β-glucans upper layer and by secreting endogluca-
nase, which enzymatically removes the remained uncovered, still exposed β-glucans. 
Once internalized, H. capsulatum resides in the phagosome compartment without 
fusing with the lysosome, displaying several pathogenic mechanisms, and thus block-
ing normal phagosome maturation process in macrophages One of these mechanisms 
consists in alkalinization of the phagosome and phagolysosome, maintaining the pH 
between 6.0 and 6.5, which both inhibit the normal function of lysosomal hydrolases 
and maximize iron acquisition from the host transferrin. Other required strategies for 
growing and proliferation within nutrient-depleted phagosome compartment are the 
following: expressing antioxidant enzymes (superoxide dismutase 3 Sod3 and catalase 
B CatB) that eliminate reactive oxygen intermediates [63, 134], expressing enzymes 
involved in gluconeogenesis for providing energy and glucans, using amino acids 
as carbon, nitrogen, and sulfur sources, acquisition of essential vitamins, and trace 
metals (iron, zinc, and copper) [134].

Thereby, macrophages are not only ineffective in neutralizing H. capsulatum yeast 
but, on the contrary, serve the pathogen by creating a hospitable intracellular niche, 
in which it can unabatedly multiply and survive [62]. The intracellular deposition and 
proliferation of the fungus varies, depending on the yeast elements and the host cells; 
at some point, the multiplied yeast cells destroy the macrophage and are ingested both 
by new other alveolar macrophages and by other phagocytic cells recruited at the site 
of infection [135].

During the next 2 weeks after inhalation, when specific immunity develops 
[136], macrophages also act as vehicles, initially in spreading the fungus to hilar and 
mediastinal lymph nodes and later in hematogenous dissemination of infection to 
multiple organs [137].

Besides the macrophages, which are the main host cells for H. capsulatum [64], 
other host defense cells, including dendritic cells and neutrophils, are recruited at the 
locus of infection and interact with the fungus [62].

By releasing their azurophilic granule contents, neutrophils can inhibit H. cap-
sulatum growth. In the case of a small inoculum, it has been hypothesized that this 
fungistatic activity of neutrophils could be sufficient to cleanse the host, without 
triggering the subsequent mechanisms of the adaptive immune response [138].

Dendritic cells engulf some yeast cells, via fibronectin receptors, and are capable 
to kill them, thus releasing nucleic acids of the destroyed yeasts, and recovering 
presentable antigens [62].

These immune responses combined with dendritic cells production of proinflam-
matory TNF, IL-6, IL-12, and type I interferons (IFN-I) stimulate activation of CD4+ 
lymphocytes [62, 139]. Once activated, this specific adaptive immune response can 
either clear the infection or cause the formation of epithelioid granulomas [54], with 
later evolution toward fibrosis and calcification, mimicking tuberculosis [97].

Like Mycoplasma tuberculosis, H. capsulatum could remain dormant, in a 
quiescent state in this fibrotic tissue, even for decades, and reactivate when cell-
mediated immunity is impaired by other diseases or immunosuppressive therapies 
[54, 68, 97].
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Additionally, in situations where T helper lymphocytes are low or even absent, as 
might be found in severely immunosuppressed patients, dendritic cells can activate 
CD8+ cells, by cross-presenting them H. capsulatum antigen acquired from apoptotic 
macrophages [140]. In these cases, the granuloma formation is almost absent, the 
proliferation of macrophages occurring in the tissues, and the patients tend to develop 
progressive, disseminated form of disease [97].

Although humoral immunity has an unclear role in the pathogenesis of histo-
plasmosis, depletion of B cells has nevertheless been shown to increase the severity 
of histoplasmosis, while experimental treatments with monoclonal antibodies to H. 
capsulatum surface antigens have been beneficial in disease evolution in mice [16].

In conclusion, T lymphocytes and phagocytes are essential cellular elements of H. 
capsulatum pathogenesis, the outcome of infection being orchestrated by the dynam-
ics between innate and adaptive host responses and yeast virulence factors [61, 141].

5. Prevention and prophylaxis

5.1 Non-pharmacologic strategies for prevention

People with occupations or hobbies that involve outdoor activities associated with 
soil aerosolization and exposure to guano for birds or bats, agricultural and forestry 
workers, fishermen or hunters, and people employed in construction have a 5–10 
times higher risk than from the general population [66].

To reduce the risk of illness in immunosuppressed patients living in areas endemic 
for histoplasmosis, the CDC recommends protective measures: avoid disturbing soil 
contaminated with chicken or bird guano or cleaning chicken coops, demolishing, 
remodeling, renovate or cleaning buildings, exploring caves, tunnels, or old archeo-
logical sites.

To minimize the risk of infection with H. capsulatum at the workplace, concrete 
measures are needed that can be identified by applying the control hierarchy 
framework used by health and safety at work specialists. Thus, the following 
measures are required:

• preventing the accumulation of bird or bat droppings and excluding bats or birds 
from a building by sealing all entry and exit points, installing lights in daytime 
roost areas, building bat houses near former roosts, using of visual and auditory 
deterrents, the periodic application of non-toxic chemical substances to repel 
birds, and the installation of mechanical anti-bird roosting systems;

• controlling dust generation and aerosolized dust by spraying the dry material 
with water, adding a surfactant or wetting agent to the water, using an industrial 
vacuum cleaner with a filter to collect the contaminated material, using bulldoz-
ers that have air-conditioned cabs and HEPA filtration, covering the bed of 
trucks carrying dirt or debris from a construction site, and washing the trucks 
before leaving the construction site;

• disinfecting potentially contaminated material using formaldehyde is no longer 
recommended because it causes a variety of health problems and there are no 
approved products registered specifically as soil disinfectants or as being effec-
tive against Histoplasma;
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• administrative controls by publication of health risk warnings displayed in areas 
known or suspected to be contaminated with Histoplasma and by training work-
ers on potential workplace hazards and associated safety practices, procedures, 
and safeguards;

• wearing personal protective equipment (PPE) to protect employees from 
Histoplasma contamination by using respirators equipped with filters or masks, 
safety glasses, disposable protective clothing, and covering shoes or boots.

The hierarchy of controls can also be used to prevent worker exposure to H. cap-
sulatum in laboratory environments by: knowledge of the laboratory safety manual, 
training of laboratory personnel, medical supervision, through aseptic microbiologi-
cal practices, handling of clinical and culture samples in a biosafety level (BSL)-3 
laboratory and a laminar flow Biological Safety Cabinet (BSC) with wearing appro-
priate PPE, packing or taping closed culture plates, not performing slide cultures, and 
testing with molecular and proteomic approaches.

Including systematic collection of occupational information as part of histoplasmosis 
surveillance could facilitate the identification of future workplace-associated outbreaks 
and the identification of specific risk factors that require further evaluation [66].

5.2 Specific prevention

To date, there is no immunization option available to prevent or treat any 
fungal infection. Although there have been numerous attempts to develop a 
potential vaccine against histoplasmosis, these candidates have only been tested 
on murine models. Various strategies have been used in the search for an effec-
tive vaccine for histoplasmosis. The active immunization approaches used in the 
research consisted of administration of recombinant heat shock protein rHsp60 
or only the small protein fragment F3 of rHsp60, the surface protein H antigen, or 
auto-transplantation into a murine model of dendritic cells, primed in vitro, with 
apoptotic macrophages obtained by phagocytizing H. capsulatum yeast, inacti-
vated by heat.

Research studies based on passive immunization methods have focused on the 
administration of monoclonal antibodies (mAbs Ig.M against histone 2B, mAbs Ig.G 
against rHsp60) or therapeutic pan-anti-fungal antibodies.

Immune system modulation strategies targeting the programmed cell death 
receptor-1 (PD-1) and its ligand (PD-L) have suggested that selective blockade of the 
PD-1/PD-L pathway may play a key therapeutic role in fungal immunity, not only for 
histoplasmosis but also for other mycoses [142].

The latest research in this field, approaching revolutionary methods of reverse 
vaccinology, comparative genomics, and molecular docking, have identified some 
candidate targets to produce both vaccines and new drugs against H. capsulatum. 
The most promising candidate vaccine target appears to be beta-1,3-glucanosyl 
transferase, the enzyme involved in the elongation of beta-(1-3)-glucans in the 
fungal cell wall, but further in vivo research is needed to test its efficacy and 
safety [143].

Recently, the WHO has released the fungal priority pathogen list (FPPL) to 
strengthen the global response against fungal infections. The FPPL highlights the 
need for actions, interventions, and strategies that focus on three main areas: surveil-
lance, research and development, and public health actions [40].
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5.3 Prophylaxis

Prophylactic use of antifungal drugs has been studied only in persons with HIV 
infection [48]. A placebo-controlled trial showed that primary prophylaxis with 
itraconazole capsules prevents histoplasmosis in patients living with HIV infection, 
and even a survival benefit was not demonstrated [144].

Prophylaxis of histoplasmosis with 200 mg daily of itraconazole should be con-
sidered only in patients with HIV infection with CD4 cell counts <150 cells/ mm3, in 
highly endemic areas in which the incidence of the disease is higher than 10 cases per 
100 patient-years (A-I evidence-based recommendation).

In other immunosuppressed patients, daily prophylaxis with itraconazole may 
be appropriate, in specific circumstances (C-III). There are no data on the role and 
appropriate duration for prophylaxis in a patient who is receiving immunosuppressive 
therapy for organ transplantation, malignancy, or chronic inflammatory disease and 
who, concomitantly, exhibits radiographic or serologic evidence of past histoplasmo-
sis [19]. On the other hand, the risk for histoplasmosis appears to be low in patients 
receiving immunosuppressive therapy for solid organ or bone marrow transplanta-
tion, with an estimated incidence less than 1%, even in endemic areas [145]. For 
patients receiving therapy with TNF antagonists, there is a risk for developing the 
disseminated form of the disease, histoplasmosis being considered the most common 
fungal infection associated with this treatment [146]. History of active histoplasmosis 
in the last 2 years could be considered a benchmark for initiating prophylaxis with 
itraconazole during immunosuppression. Also, patients who have finished treatment 
for histoplasmosis and who are about to receive a transplant or to start new immuno-
suppressive therapies should be tested for the levels of urinary histoplasma antigen 
before the intervention and then every 2 or 3 months after. An increase in urinary 
antigen levels indicates the need for further investigation for active histoplasmosis, 
but a consistent elevation of the urinary histoplasma antigen level should prompt 
empirically initiation of antifungal therapy, in the context of ongoing immunosup-
pression [19].

Transplacental transmission of H. capsulatum to the fetus [146] could be 
prevented by administering antifungal therapy before delivery, but there are no 
evidence-based guidelines for the management of the vertical mode of transmission. 
Histopathological examination of the placenta for granuloma and for other organisms 
resembling H. capsulatum should be performed [19].

6. Conclusion

Histoplasma infections are more widespread than traditionally appreciated, 
mainly due to misdiagnosis in some regions or diagnostic and therapeutic deficiencies 
in others. Expanding surveillance and case reporting would provide a more accurate 
picture for a better understanding of the geographic distribution of histoplasmosis. 
The disease remains an important factor in morbidity and mortality in many parts of 
the world.

Conflict of interest

The authors declare no conflict of interest.



Histoplasmosis - An Overview

22

Author details

Nela Daniela Efrim*, Elena Dumea and Roxana Carmen Cernat
Faculty of Medicine, “Ovidius” University of Constanta, Romania, Infectious 
Diseases Hospital, Constanta, Romania

*Address all correspondence to: daniela.efrim@gmail.com

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Epidemiology of Histoplasmosis
DOI: http://dx.doi.org/10.5772/intechopen.110901

23

References

[1] Hawksworth DL. The fungal 
dimension of biodiversity: Magnitude, 
significance, and conservation. 
Mycological Research. 1991;95:641-655. 
DOI: 10.1016/S0953-7562(09)80810-1

[2] Hawksworth DL, Lücking R. Fungal 
diversity revisited: 2.2 to 3.8 million 
species. Microbiology Spectrum. 
2017;5(4). Article number: FUNK-
0052-2016. DOI: 10.1128/microbiolspec.
FUNK-0052-2016

[3] Blackwell M. The fungi: 1,2,3…5.1 
million species? American Journal 
of Botany. 2011;98(3):426-438. 
DOI: 103732/ajb.1000298

[4] Van Rhijn N, Bromley M. The 
consequences of our changing 
environment on life threatening and 
debilitating fungal disease in humans. 
Journal of Fungi. 2021;7(5):367-384. 
DOI: 10.3390/jof7050367

[5] Hyde KD. The numbers of 
fungi. Fungal Diversity. 2022;114:1. 
DOI: 10.1007/s13225-022-00507-y

[6] Phukhamsakda C, Nilsson RH, 
Bhunjun CS, Gomes de Faria AR, Sun Y, 
Wijesinghe SN, et al. The numbers of 
fungi: Contributions from traditional 
taxonomic studies and challenges 
of metabarcoding. Fungal diversity. 
2022;114:327-386. DOI: 10.1007/
s13225-022-00502-3

[7] Xu J. Assessing global fungal threats 
to humans. mLife. 2022;1:223-240. 
DOI: 10.1002/mlf2.12036

[8] Cheek M, Nic Lughadha E, Kirk P, 
Lindon H, Carretero J, Looney B, et al. 
New scientific discoveries: Plants and 
fungi. Plants, People, Planet. 2020;2:371-
388. DOI: 10.1002/ppp3.10148

[9] Richardson MD. Changing patterns 
and trends in systemic fungal infections. 
Journal of Antimicrobial Chemotherapy. 
2005;56(1):i5-i11. DOI: 10.1093/jac/
dki218

[10] Fisher MC, Gow NAR, Gurr SJ. 
Tackling emerging fungal threats to 
animal health, food security and 
ecosystem resilience. Philosophical 
Transactions of the Royal Society B: 
Biological Sciences. 2016;371:20160332. 
DOI: 10.1098/rstb.2016.0332

[11] Gow NAR, Netea MG. Medical 
mycology and fungal immunology: New 
research perspectives addressing a major 
world health challenge. Philosophical 
Transactions of the Royal Society B: 
Biological Sciences. 2016;371:20150462. 
DOI: 10.1098/rstb.2015.0462

[12] Bongomin F, Gago S, Oladele RO, 
Denning DW. Global and multinational 
prevalence of fungal diseases-estimate 
precision. Journal of Fungi. 2017;3(4):57. 
DOI: 10.3390/jof3040057

[13] de Hoog GS, Chaturvedi V,  
Denning DW, Dyer PS, Frisvad JC, 
Geiser D, et al. Name changes in medically 
important fungi and their implications 
for clinical practice. Journal of Clinical 
Microbiology. 2015;53(4):1056-1062. 
DOI: 10.1128/JCM.02016-14

[14] de Hoog GS, Guarro J, Gené J, 
Ahmed S, Al-Hatmi AMS, Figueras MJ, 
et al. Atlas of Clinical Fungi. 4th ed. 
Hilversum: Foundation Atlas of Clinical 
Fungi. 2020. p. 1599

[15] Köhler JR, Hube B, Puccia R, 
Casadevall A, Perfect JR. Fungi that 
infect humans. Microbiology Spectrum. 
2017;5(3):5.3.08. DOI: 10.1128/
microbiolspec.FUNK-0014-2016



Histoplasmosis - An Overview

24

[16] Taborda CP, Buccheri R, 
Benard G, Duarte-Neto AN, Nosanchuk JD, 
Travassos LR. Paracoccidioides spp. and 
Histoplasma capsulatum: Current and new 
perspectives for diagnosis and treatment. 
Current Topics in Medicinal Chemistry. 
2018;18(15):1333-1348. DOI: 10.2174/ 
1568026618666181002112231

[17] Valdez AF, Miranda DZ, 
Guimarāes AJ, Nimrichter L, 
Nosanchuk JD. Pathogenicity and virulence 
of Histoplasma capsulatum - a 
multifaceted organism adapted 
to intracellular environments. 
Virulence. 2022;13(1):1900-1919. 
DOI: 10.1080/21505594.2022.2137987

[18] Brown GD, Denning DW, Gow NAR, 
Levitz SM, Netea MG, White TC. 
Hidden killers: Human fungal infections. 
Science Translational Medicine. 
2012;4(165):165rv13. DOI: 10.1126/
scitranslmed.3004404

[19] Wheat LJ, Freifeld AG, Kleiman MB, 
Baddley JW, McKinsey DS, Loyd JE, 
et al. IDSA clinical practice guidelines 
for the management of patients 
with histoplasmosis: 2007 update 
by the infectious disease society of 
America. Clinical Infectious Disease. 
2007;45(7):807-825. DOI: 10.1086/521259

[20] Cano MV, Hajjeh RA. The 
epidemiology of histoplasmosis: 
A review. Seminars in Respiratory 
Infections. 2001;16(2):109-118. 
DOI: 10.1053/srin.2001.24241

[21] Darling ST. A protozoon general 
infection producing pseudotubercles 
in the lungs and focal necroses in the 
liver, spleen and lymphnodes. Journal 
of the American Medical Association. 
1906;46:1283-1285. DOI: 10.1001/
JAMA.1906.62510440037003

[22] Conant NF. Cultural study of the 
life cycle of Histoplasma capsulatum 

Darling 1906. Journal of Bacteriology. 
1941;41(5):563-579. DOI: 10.1128/
jb.41.5.563-579.1941

[23] Dodd K, Tompkins EH. A case of 
histoplasmosis of Darling in a infant. 
American Journal of Tropical Medicine. 
1934;14:127-137

[24] Zarafonetis CJD, Lindberg RB. 
Histoplasmosis of Darling. Observations 
on antigenic properties of causative 
agent. Preliminary report. University 
Hospital Ann Arbor. 1941;7:47-48

[25] Duncan JT. A unique form of 
Histoplasma. Transactions of the Royal 
Society of Tropical Medicine and 
Hygiene. 1947;40(4):364

[26] Mochi A, Edwards PQ. Geographical 
distribution of histoplasmosis and 
histoplasmin sensitivity. Bulletin World 
Health Organization. 1952;5(3):259-291

[27] Christie A, Peterson JC. Pulmonary 
calcifications in negative reactors 
to tuberculin. American Journal of 
Public Health and the Nation’s Health. 
1945;35(11):1131-1147. DOI: 10.2105/
ajph.35.11.1131

[28] Palmer CE. Nontuberculous 
pulmonary calcifications and sensitivity 
to histoplasmin. Public Health Reports. 
1945;60:513-520

[29] Arblaster PG. Pulmonary 
histoplasmosis. Thorax. 1950;5:333-339

[30] Emmons CW. Isolation of 
Histoplasma capsulatum from soil. Public 
Health Reports. 1949;64(28):892-896

[31] Dubois A, Janssens PG, Brutsaert P, 
Vanbreuseghem R. A case of African 
histoplasmosis; with a mycological note 
on Histoplasma duboisii n. sp. Annales 
de la Societe belge de medicine tropicale. 
1952;32(6):569-584



Epidemiology of Histoplasmosis
DOI: http://dx.doi.org/10.5772/intechopen.110901

25

[32] Edwards LB, Acquaviva FA, 
Livesay VT, Cross FW, Palmer CE. An 
atlas of sensitivity to tuberculin, PPD-B, 
and histoplasmin in the United States. 
The American Review of Respiratory 
Disease. 1969;99(4):1-132

[33] Kwon-Chung KJ. Sexual stage 
of Histoplasma capsulatum. Science. 
1972;175(4019):326. DOI: 10.1126/
science.175.4019.326

[34] Kwon-Chung KJ. Emmonsilla 
capsulata: Perfect state of 
Histoplasma capsulatum. Science. 
1972;177(4046):368-369. DOI: 10.1126/
science.177.4046.368

[35] Hwang L, Hocking-Murray D, 
Bahrami AK, Andesson M, Rine J, Sil A. 
Identifying phase-specific genes in the 
fungal pathogen Histoplasma capsulatum 
using a genomic shotgun microarray. 
Molecular Biology of the Cell. 
2003;14(6):2314-2326. DOI: 10.1091/
mbc.e03-01-0027

[36] Kasuga T, White TJ, Koenig G, 
McEwen J, Restrepo A, Castañeda E, et al. 
Phylogeography of the fungal pathogen 
Histoplasma capsulatum. Molecular 
Ecology. 2003;12(12):3383-3401. 
DOI: 10.1046/j.1365-294x.2003.01995.x

[37] Whitt SP, Koch GA, Fender B, 
Ratnasamy N, Everett ED. Histoplasmosis 
in pregnancy: Case series and report of 
transplacental transmission. Archives of 
Internal Medicine. 2004;164(4):454-458. 
DOI: 10.1001/archinte.164.4.454

[38] Damasceno LS, Vite-Garín T, 
Ramírez JA, Rodríguez-Arellanes G, 
Almeida MAD, Muniz MDM, et al. 
Mixed infection by Histoplasma 
capsulatum isolates with different mating 
types in Brazilian AIDS-patients. Revista 
do Instituto de Medicina Tropical de 
São Paulo. 2019;61. Article number: e8. 
DOI: 10.1590/s1678-9946201961008

[39] Moreira LM, Meyer W, Chame M, 
Brandão LM, Vivoni AM, Portugal J, 
et al. Molecular detection of Histoplasma 
capsulatum in Antarctica. Emerging 
Infectious Diseases. 2022;28(10):2100-
2104. DOI: 10.3201/eid2810.220046

[40] The WHO lists multiple fungal 
pathogens of critical, high and medium 
importance for addressing with R&D, 
surveillance and access to diagnosis and 
treatment. 2022. Available from: https://
gaffi.org/wp-content/uploads/WHO-
FPPL-2022.pdf. [Accessed: 2023-03-03]

[41] Beyhan S, Sil A. Sensing the heat 
and the host: Virulence determinants 
of Histoplasma capsulatum. 
Virulence. 2019;10:793-800. 
DOI: 10.1080/21505594.2019.1663596

[42] Edwards JA, 
Rappleye CA. Histoplasma mechanisms 
of pathogenesis - one portfolio 
doesn’t fit all. FEMS Microbiology 
Letters. 2011;324:1-9. 
DOI: 10.1111/j.1574-6968.2011.02363.x

[43] Lockhart SR, Toda M, Benedict K, 
Caceres DH, Litvintseva AP. Endemic 
and other dimorphic mycoses in 
the Americas. Journal of Fungi. 
2021;7(2):151. DOI: 10.3390/jof7020151

[44] Scully MC, Baddley JW. 
Epidemiology of histoplasmosis. Current 
Fungal Infection Reports. 2018;12:51-58. 
DOI: 10.1007/s12281-018-0309-x

[45] Damasceno LS, Teixeira MM, 
Barker BM, Almeida MA, Muniz MM, 
Pizzini CV, et al. Novel clinical and dual 
infection by Histoplasma capsulatum 
genotypes in HIV patients from 
Northeastern, Brazil. Scientific 
Reports. 2019;9(1):11789. DOI: 10.1038/
s41598-019-48111-6

[46] Diaz JH. Environmental and 
wilderness-related risk factors for 



Histoplasmosis - An Overview

26

histoplasmosis: More than bats in caves. 
Wilderness & Environmental Medicine. 
2018;29(4):531-540. DOI: 10.1016/j.
wem.2018.06.008

[47] Vite-Garín T, Estrada-Bárcenas DA, 
Cifuentes J, Taylor ML. The importance 
of molecular analyses for understanding 
the genetic diversity of Histoplasma 
Capsulatum: An overview. Revista 
Iberoamericana de Micología. 
2014;31(1):11-15. DOI: 10.1016/j.
riam.2013.09.013

[48] Kauffman CA. Histoplasmosis. In: 
Kauffman CA, Pappas PG, Sobel JD, 
Dismukes WE, editors. Essentials of 
Clinical Mycology. 2nd ed. New-
York: Springer Science + Business 
Media LLC; 2011. pp. 321-336. 
DOI: 10.1007/978-1-4419-6640-7_18

[49] Deepe GS. Histoplasma capsulatum 
(Histoplasmosis). In: Bennet JE, Dolin R, 
Blaser MJ, editors. Mandell, Douglas, 
and Bennett’s Principles and Practice of 
Infectious Diseases. 9th ed. Philadelphia: 
Elsevier; 2020. pp. 3162-3176

[50] Kwon-Chung KJ. Perfect 
state (Emmonsiella capsulata) 
of the fungus causing large-form 
African histoplasmosis. Mycologia. 
1975;67(5):980-990. DOI: 10.1080/ 
00275514.1975.12019831

[51] Kwon-Chung KJ, Weeks RJ, 
Larsh HW. Studies on Emmonsiella 
capsulata (Histoplasma capsulatum). II. 
Distribution of the two mating types in 
13 endemic states of the United States. 
American Journal of Epidemiology. 
1974;99(1):44-49. DOI: 10.1093/
oxfordjournals.aje.a121583

[52] Rodrigues AM, Beale MA, Hagen F, 
Fisher MC, Terra PPD, de Hoog S, et al. 
The global epidemiology of emerging 
Histoplasma species in recent years. 
Studies in Mycology. 2020;97:100095. 
DOI: 10.1016/j.simyco.2020.02.001

[53] Voorhies M, Foo CK, 
Sil A. Experimental annotation of 
the human pathogen Histoplasma 
capsulatum transcribed regions 
using high-resolution tiling arrays. 
BMC Microbiology. 2011;11:216. 
DOI: 10.1186/1471-2180-11-216

[54] Mittal J, Ponce MG, Gendlina I, 
Nosanchuk JD. Histoplasma capsulatum: 
Mechanisms for pathogenesis. 
Current Topics in Microbiology and 
Immunology. 2019;422:157-191. 
DOI: 10.1007/82_2018_114

[55] Vincent RD, Goewert R,  
Goldman WE, Kobayashi GS, 
Lambowitz AM, Medoff G. Classification 
of Histoplasma capsulatum isolates by 
restriction fragment polymorphisms. 
Journal of Bacteriology. 1986;165(3):813-
818. DOI: 10.1128/jb.165.3.813.1986

[56] Spitzer ED, Lasker BA, 
Travis SJ, Kobayashi GS, Medoff G. 
Use of mitochondrial and ribosomal 
DNA polymorphisms to classify 
clinical and soil isolates of Histoplasma 
capsulatum. Infection and Immunity. 
1989;57(5):1409-1412. DOI: 10.1128/
iai.57.5.1409-1412.1989

[57] Keath EJ, Kobayashi GS, 
Medoff G. Typing of Histoplasma 
capsulatum by restriction fragment 
length polymorphisms in a nuclear 
gene. Journal of Clinical Microbiology. 
1992;30(8):2104-2107. DOI: 10.1128/
jcm.30.8.2014-2017.1992

[58] Teixeira MM, Patané JS, 
Taylor ML, Gómez BL, Theodoro RC, de 
Hoog S, et al. Worldwide phylogenetic 
distributions and population dynamics of 
the genus Histoplasma. PLOS Neglected 
Tropical Diseases. 2016;10(6):e0004732. 
DOI: 10.1371/joutnal.pntd.0004732

[59] Sepúlveda VE, Márquez R, 
Turissini DA, Goldman WE. Matute DR, 



Epidemiology of Histoplasmosis
DOI: http://dx.doi.org/10.5772/intechopen.110901

27

Genome sequences reveal cryptic 
speciation in the human pathogen 
Histoplasma capsulatum. MBio. 
2017;8(6):e01339-e01317. DOI: 10.1128/
mBio.01339-17

[60] Davis TE, Domer JE, Li YT. Cell wall 
studies of Histoplasma capsulatum and 
Blastomyces dermatitis using autologous 
and heterologous enzymes. Infection 
and Immunity. 1977;15(3):978-987. 
DOI: 10.1128/iai.15.3.978-987.1977

[61] Howarth MC, Fecher RA, Deepe GS. 
Histoplasma capsulatum, lung infection 
and immunity. Future Microbiology. 
2015;10:967-975. DOI: 10.2217/fmb.15.25

[62] Ray SC, Rappleye CA. Flying under 
the radar: Histoplasma capsulatum 
avoidance of innate immune recognition. 
Seminars in Cell & Developmental 
Biology. 2019;89:91-98. DOI: 10.1016/j.
semcdb.2018.03.009

[63] Denham ST, Wambaugh MA, 
Brown JCS. How environmental fungi 
cause a range of clinical outcomes in 
susceptible hosts. Journal of Molecular 
Biology. 2019;431:2982-3009. 
DOI: 10.1016/j.jmb.2019.05.003

[64] Sil A. Using genomics to study the 
life cycle of Histoplasma capsulatum. In: 
AJP B, editor. Fungal Genomics. Berlin 
Heidelberg: Springer-Verlag; 2006. pp. 
221-236. DOI: 10.1007/3-540-30809-1_12

[65] Okansey BK, Kosmidis C, 
Agyei M, Dorkenoo AM, Ayanlowo OO, 
Oladele RO, et al. Histoplasmosis 
in Africa: Current perspectives, 
knowledge gaps, and research priorities. 
PLOS Neglected Tropical Diseases. 
2022;16(2):e0010111. DOI: 10.1371/
journal.pntd.0010111

[66] de Perio MA, Benedict K,  
Williams SL, Niemeier-Walsh C, 
Green BJ, Coffey C, et al. Occupational 

histoplasmosis: Epidemiology and 
prevention measures. Journal of Fungi 
(Basel). 2021;7(7):510-522. DOI: 10.3390/
jof7070510

[67] Guimarães AJ, de Cerqueira MD, 
Nosanchuk JD. Surface architecture of 
Histoplasma capsulatum. Frontiers in 
microbiology. 2011;2:225. DOI: 10.3389/
fmicb.2011.00225

[68] Linder KA, Kauffman CA. 
Histoplasmosis: Epidemiology, diagnosis, 
and clinical manifestations. Current 
Fungal Infection Reports. 2019;13:120-
128. DOI: 10.1007/s12281-019-00341-x

[69] Bahr NC, Antinori S, Wheat LJ, 
Sarosi GA. Histoplasmosis infections 
worldwide: Thinking outside of the Ohio 
river valley. Current Tropical Medicine 
Reports. 2015;2(2):70-80. DOI: 10.1007/
s40475-015-0044-0

[70] Benedict K, Derado G, Mody RK.  
Histoplasmosis-associated 
hospitalizations in the United States, 
2001-2012. Open Forum Infectious 
Diseases. 2016;3(1):ofv219. DOI: 10.1093/
ofid/ofv219

[71] Azar MM, Hage CA. Clinical 
perspectives in the diagnosis and 
management of histoplasmosis. Clinics 
in Chest Medicine. 2017;38(3):403-415. 
DOI: 10.1016/j.ccm.2017.04.004

[72] Zerbe CS, Holland SM. Disseminated 
histoplasmosis in persons with 
interferon-γ receptor 1 deficiency. 
Clinical Infectious Diseases. 
2005;41(4):38-41. DOI: 10.1086/432120

[73] Taylor ML, Pérez-Mejía A, 
Yamamoto-Furusho JK, Granados J. 
Immunologic, genetic and social human 
risk factors associated to histoplasmosis: 
Studies in the state of Guerrero. Mexico. 
Mycopathologia. 1997;138(3):137-142. 
DOI: 10.1023/a:1006847630347



Histoplasmosis - An Overview

28

[74] Benedict K, Thompson GR 3rd, 
Deresinski S, Chiller T. Mycotic 
infections acquired outside areas of 
known endemicity, United States. 
Emerging Infectious Disease. 
2015;21(11):1935-1941. DOI: 10.3201/
eid2111.141950

[75] Taylor ML, Reyes-Montes MDR, 
Estrada-Barcenas DA, Zancopé-Oliveira RM, 
Rodríguez-Arellanes G, Ramírez JA. 
Considerations about the geographic 
distribution of Histoplasma species. 
Applied and Environmental 
Microbiology. 2022;88(7):e0201021. 
DOI: 10.1128/aem.02010-21

[76] Ajello L. Relationship of Histoplasma 
capsulatum to avian habitats. Public 
Health Reports. 1964;79(3):266-270

[77] Deepe GS Jr. Outbreaks of 
histoplasmosis: The spores set sail. 
PLoS Pathogens. 2018;14(9):e1007213. 
DOI: 10.1371/journal.ppat.1007213

[78] Benito N, García Vázquez E, Blanco A, 
de Górgolas M, Gadea I, Escalonilla P, 
et al. Histoplasmosis diseminada en 
pacientes con sida. Estudio de 2 casos 
y revisión de la bibliografía española 
Disseminated histoplasmosis in AIDS 
patients. A study of 2 cases and review 
of the Spanish literature. Enfermedades 
Infecciosas y Microbiologia Clinica. 
1998;16(7):316-321

[79] Gómez Londoño LF, Pérez León LC, 
Mcewen Ochoa JG, Zuluaga Rodriguez A, 
Peláez Jaramillo CA, Acevedo Ruiz JM, 
et al. Capacity of Histoplasma capsulatum 
to survive the composting process. 
Applied and Environmental 
Soil Science. 2019;2019:1-9. 
DOI: 10.1155/2019/5038153

[80] Carlucci JG, Halasa N, Creech CB,  
Dulek DE, Gómez-Duarte OG, 
Nelson GE, et al. Vertical transmission 
of histoplasmosis associated with 

anti-tumor necrosis factor therapy. 
Journal of the Pediatric Infectious 
Disease. 2016;5(2):e19-e12. DOI: 10.1093/
jpids/piw001

[81] Ison MG, Nalesnik MA. An update 
on donor-derived disease transmission in 
organ transplantation. American Journal 
of Transplantation. 2011;11:1123-1130. 
DOI: 101111/j.1600-6143.2011.03493.x

[82] Limaye AP, Connolly PA, Sagar M, 
Fritsche TR, Cookson BT, Wheat LJ, et al. 
Transmission of Histoplasma capsulatum 
by organ transplantation. The 
New England Journal of Medicine. 
2000;343(16):1163-1166. DOI: 10.1056/
NEJM200010193431605

[83] Cuellar-Rodriguez J, Avery RK,  
Lard M, Budev M, Gordon SM, 
Shrestha NK, et al. Histoplasmosis in 
solid organ transplant recipients: 10 
years of experience at a large transplant 
center in an endemic area. Clinical 
Infectious Diseases. 2009;49(5):710-716. 
DOI: 10.1086/604712

[84] Loulergue P, Bastides F, Baudouin V, 
Chandenier J, Mariani-Kurkdjian P, 
Dupont B, et al. Literature review and 
case histories of Histoplasma capsulatum 
var. duboisii infections in HIV-infected 
patients. Emerging Infectious Diseases. 
2007;13(11):1647-1652. DOI: 10.3201/
eid1311.070665

[85] Terrancle JI, Mateos RF, Solera SJ, 
Sánchez HV. Disseminated histoplasmosis 
in two brothers with AIDS. Revista 
Clinica Española. 2004;204(7):381-383. 
DOI: 10.1157/13063533

[86] Metzler DF, Ritter C, Culp RL. 
Combined effect of water purification 
processes on the removal of Histoplasma 
capsulatum from water. American 
Journal of Public Health and the Nations 
Health. 1956;46:1571-1575. DOI: 10.2105/
ajph.46.12.1571



Epidemiology of Histoplasmosis
DOI: http://dx.doi.org/10.5772/intechopen.110901

29

[87] Armstrong PA, Jackson BR, 
Haselow D, Fields V, Ireland M, 
Austin C, et al. Multistate epidemiology 
of histoplasmosis, United States, 2011-
2014. Emerging Infectious Diseases. 
2018;24(3):425-431. DOI: 10.3201/
eid2403.171258

[88] Adenis AA, Aznar C, Couppié P. 
Histoplasmosis in HIV-infected patients: 
A review of new developments and 
remaining gaps. Current Tropical 
Medicine Reports. 2014;1(2):119-128. 
DOI: 10.1007/s40475-014-0017-8

[89] Wheat LJ. Histoplasmosis: A 
review for clinicians from non-endemic 
areas. Mycoses. 2006;49(4):274-282. 
DOI: 10.1111/j.1439-0507.2006.01253.x

[90] Benedict K, Mody RK. Epidemiology 
of histoplasmosis outbreaks, United 
States, 1938-2013. Emerging Infectious 
Diseases. 2016;22(3):370-378. 
DOI: 10.3201/eid2203.151117

[91] Queiroz-Telles F, Fahal AH, 
Falci DR, Caceres DH, Chiller T, 
Pasqualotto AC. Neglected endemic 
mycoses. The Lancet Infectious Diseases. 
2017;17(11):e367-e377. DOI: 10.1016/
S1473-3099(17)30306-7

[92] Kauffman CA. Histoplasmosis: A 
clinical and laboratory update. Clinical 
Microbiology Reviews. 2007;20(1):115-
132. DOI: 10.1128/CMR.00027-06

[93] Smith DJ, Williams SL, Endemic 
Mycoses State Partners Group, 
Benedict KM, Jackson BR, Toda M. 
Surveillance for Coccidioidomycosis, 
histoplasmosis, and Blastomycosis - 
United States, 2019. MMWR  
Surveillance Summaries. 2022;71(7):1-14. 
DOI: 10.15585/mmwr.ss7107a1

[94] Ashraf N, Kubat RC, Poplin V, 
Adenis AA, Denning DW, Wright L, 
et al. Re-drawing the maps for endemic 

mycoses. Mycopathologia. 2020;185:843-
865. DOI: 10.1007/s11046-020-00431-2

[95] Burden of common life-threatening 
fungal infections. Available from: https://
gaffi.org/why/fungal-disease-frequency/ 
[Accessed: 2023-03-03]

[96] Centers for Disease Control (CDC). 
Revision of the CDC surveillance case 
definition for acquired immunodeficiency 
syndrome. Council of State and 
Territorial Epidemiologists; AIDS 
Program, Center for Infectious Diseases. 
MMWR Supplements. 1987;36(1):1S-15S

[97] Martin-Iguacel R, Kurtzhals J,  
Jouvion G, Nielsen SD, Llibre JM. 
Progressive disseminated histoplasmosis 
in the HIV population in Europe in the 
HAART era. Case report and literature 
review. Infection. 2014;42:611-620. 
DOI: 10.1007/s15010-014-0611-7

[98] Baker J, Setianingrum F, 
Wahyuningsih R, Denning DW. Mapping 
histoplasmosis in South East 
Asia - implications for diagnosis 
in AIDS. Emerging Microbes & 
Infections. 2019;8(1):1139-1145. 
DOI: 10.1080/22221751.2019.1644539

[99] McLeod DSA, Mortimer RH, 
Perry-Keene DA, Allworth A, Woods ML, 
Perry-Keene J, et al. Histoplasmosis 
in Australia: Report of 16 cases and 
literature review. Medicine (Baltimore). 
2011;90(1):61-68. DOI: 10.1097/
MD.0b013e318206e499

[100] Hepler SA, Kaufeld KA, 
Benedict K, Toda M, Jackson BR, Liu X, 
et al. Integrating public health surveillance 
and environmental data to model presence 
of Histoplasma in the United States. 
Epidemiology. 2022;33(5):654-659. 
DOI: 10.1097/EDE.0000000000001499

[101] Manos NE, Ferebee SH, 
Kerschbaum WF. Geographic variation in 



Histoplasmosis - An Overview

30

the prevalence of histoplasmin sensitivity. 
Diseases of the Chest. 1956;29(6):649-
668. DOI: 10.1378/chest.29.6.649

[102] Cherabie J, Mazi P, Rauseo AM, 
Ayres C, Larson L, Rutjanawech S, et al. 
Long-term mortality after Histoplasma 
infection in people with HIV. Journal 
of Fungi. 2021;7(5):369. DOI: 10.3390/
jof7050369

[103] Brown EM, McTaggart LR, Dunn D, 
Pszczolko E, Tsui KG, Morris SK, et al. 
Epidemiology and geographic 
distribution of blastomycosis, 
histoplasmosis, and coccidioidomycosis, 
Ontario, Canada, 1990-2015. Emerging 
Infectious Diseases. 2018;24(7):1257-
1266. DOI: 10.3201/eid2407.172063

[104] Adenis AA, Valdes A, Cropet C, 
McCotter OZ, Derado G, Couppie P, et al. 
Burden of HIV-associated histoplasmosis 
compared with tuberculosis in 
Latin America: A modeling study. 
The Lancet Infectious Diseases. 
2018;18(10):1150-1159. DOI: 10.1016/
S1473-3099(18)30354-2

[105] Nacher M, Leitao TS, Gómez BL, 
Couppié P, Adenis A, Damasceno L, 
et al. The fight against HIV-associated 
disseminated histoplasmosis in the 
Americas: Unfolding the different 
stories of four centers. Journal of Fungi. 
2019;5(2):51. DOI: 10.3390/jof5020051

[106] Samayoa B, Roy M, Cleveland AA, 
Medina N, Lau-Bonilla D, Scheel CM, 
et al. High mortality and coinfection 
in a prospective cohort of human 
immunodeficiency virus/acquired 
immune deficiency syndrome patients 
with histoplasmosis in Guatemala. 
The American Journal of Tropical 
Medicine Hygiene. 2017;97(1):42-48. 
DOI: 10.4269/ajtmh.16-000

[107] Agudelo CA, Restrepo CA, Molina DA, 
Tobón AM, Kauffman CA, Murillo C, 

et al. Tuberculosis and histoplasmosis 
co-infection in AIDS patients. The 
American Journal of Tropical Medicine 
Hygiene. 2012;87(6):1094-1098. 
DOI: 10.4269/ajtmh.2012.12-0292

[108] Medina N, Alastruey-Izquierdo A, 
Bonilla O, Gamboa O, Mercado D, 
Pérez JC, et al. A rapid screening program 
for histoplasmosis, tuberculosis, and 
cryptococcosis reduces mortality in HIV 
patients from Guatemala. Journal of Fungi. 
2021;7(4):268. DOI: 10.3390/jof7040268

[109] Medina N, Rodriguez-Tudela JL, 
Aguirre L, Salazar LR, Gamboa O, 
Bonilla O, et al. Incidence of histoplasmosis 
in a cohort of people with HIV: From 
estimations to reality. Microorganisms. 
2021;9(12):2596. DOI: 10.3390/
microorganisms9122596

[110] Nacher M, Adenis A, Guarmit B, 
Lucarelli A, Blanchet D, Demar M, et al. 
What is AIDS in the Amazon and the 
Guianas in the 90-90-90 era? PLoS One. 
2020;15(7):e0236368. DOI: 10.1371/
journal.pone.0236368

[111] Almeida MA, Almeida-Silva F,  
Guimarães AJ, Almeida-Paes R, 
Zancopé-Oliveira RM. The occurrence 
of histoplasmosis in Brazil: A systematic 
review. International Journal of 
Infectious Diseases. 2019;86:147-156. 
DOI: 10.1016/j.ijid.2019.07.009

[112] Brilhante RS, Fechine MA, 
Mesquita JR, Cordeiro RA, Rocha MFG, 
Monteiro AJ, et al. Histoplasmosis in 
HIV-positive patients in Ceará, Brazil: 
Clinical-laboratory aspects and in vitro 
antifungal susceptibility of Histoplasma 
capsulatum isolates. Transactions of 
the Royal Society of Tropical Medicine 
and Hygiene. 2012;106(8):484-488. 
DOI: 10.1016/j.trstmh.2012.05.003

[113] Oladele RO, Ayanlowo OO,  
Richardson MD, Denning DW. 



Epidemiology of Histoplasmosis
DOI: http://dx.doi.org/10.5772/intechopen.110901

31

Histoplasmosis in Africa: An emerging 
or a neglected disease? PLoS Neglected 
Tropical Disease. 2018;12(1):e0006046. 
DOI: 10.1371/journal.pntd.0006046

[114] Arlet JB, Furco-Mazzantini A, 
Huerre M, Neuville S, Molina JM. 
African histoplasmosis infection with 
peritoneal involvement. European 
Journal of Clinical Microbiololy & 
Infectious Diseases. 2004;23(4):342-344. 
DOI: 10.1007/s10096-003-1089-x

[115] Kneale M, Bartholomew JS, 
Davies E, Denning DW. Global access 
to antifungal therapy and its variable 
cost. The Journal of Antimicrobial 
Chemotherapy. 2016;71(12):3599-3606. 
DOI: 10.1093/jac/dkw325

[116] Pan B, Chen M, Pan W, Liao W. 
Histoplasmosis: A new endemic fungal 
infection in China? Review and analysis 
of cases. Mycoses. 2013;56(3):212-221. 
DOI: 10.1111/myc.12029

[117] Zhao B, Xia X, Yin J, Zhang X, 
Wu E, Shi Y, et al. Epidemiological 
investigation of Histoplasma capsulatum 
infection in China. Chinese Medical 
Journal (English). 2001;114(7):743-746

[118] Wen FQ, Sun YD, Watanabe K, 
Yoshida MJ, JNS W, Baum GL. Prevalence 
of histoplasmin sensitivity in healthy 
adults and tuberculosis patients in 
Southwest China. Journal of Medical and 
Veterinary Mycology. 1996;34(3):171-
174. DOI: 10.1080/02681219680000281

[119] Taylor RL, Duangmani C,  
Charoenvit Y. The geographic 
distribution of histoplasmin sensitivity 
in Thailand. The American Journal 
of Tropical Medicine and Hygiene. 
1968;17(4):579-583. DOI: 10.4269/
ajtmh.1968.17.579

[120] Norkaew T, Ohno H, Sriburee P, 
Tanabe K, Tharavichitkul P, Takarn P, 

et al. Detection of environmental sources 
of Histoplasma capsulatum in Chiang 
Mai, Thailand, by nested PCR. 
Mycopathologia. 2013;176(5-6):395-402. 
DOI: 10.1007/s11046-013-9701-9

[121] Tucker HA, Kvisselgaard N. 
Histoplasmin and tuberculin sensitivity 
in Burma; study of tests on 3,558 
subjects. Bulletin World Health 
Organization. 1952;7(2):188-200

[122] Sanyal M, Thammayya A.  
Histoplasma capsulatum in the soil 
of Gangetic plain in India. The 
Indian Journal of Medical Research. 
1975;63(7):1020-1028

[123] Goswami RP, Pramanik N, 
Banerjee D, Raza MM, Guha SK, 
Maiti PK. Histoplasmosis in eastern India: 
The tip of the iceberg? Transactions of 
the Royal Society of Tropical Medicine 
and Hygiene. 1999;93(5):540-542. 
DOI: 10.1016/S0035-9203(99)90374-7

[124] Gupta A, Ghosh A, Singh G, Xess I. 
A twenty-first-century perspective of 
disseminated histoplasmosis in India: 
Literature review and retrospective 
analysis of published and unpublished 
cases at a tertiary care hospital in North 
India. Mycopathologia. 2017;182(11-
12):1077-1093. DOI: 10.1007/
s11046-017-0191-z

[125] Randhawa HS, Khan ZU. 
Histoplasmosis in India: Current status. 
The Indian Journal Chest Diseases and 
Allied Sciences. 1994;36(4):193, 213

[126] Kikuchi K, Sugita T, 
Makimura K, Urata K, Someya T, Sasaki T, 
et al. Is Histoplasma capsulatum a native 
inhabitant of Japan? Microbiology 
and Immunology. 2008;52:455-459. 
DOI: 10.1111/j.1348-0421.2008.00052.x

[127] Sabino R, Verissímo C, Brandão J, 
Martins C, Alves D, Pais C, et al. Serious 



Histoplasmosis - An Overview

32

fungal infections in Portugal. European 
Journal of Clinical Microbiology & 
Infectious Diseases. 2017;36(7):1345-
1352. DOI: 10.1007/s10096-017-2930-y

[128] Ashbee HR, Evans EG, Viviani MA, 
Dupont B, Chryssanthou E, Surmont I, 
et al. Histoplasmosis in Europe: Report 
on an epidemiological survey from 
the European Confederation of 
Medical Mycology Working Group. 
Medical Mycology. 2008;46(1):57-65. 
DOI: 10.1080/13693780701591481

[129] Sotgiu G, Mazzoni A, Mantovani A, 
Ajello L, Palmer J. Histoplasma capsulatum: 
Occurrence in soil from the Emilia-
Romagna region of Italy. Science. 
1965;147(3658):624. DOI: 10.1126/
science.147.3658.624

[130] Mantovani A, Mazzoni A, Ajello L. 
Histoplasmosis in Italy. I. Isolation of 
Histoplasma capsulatum from 
dogs in the province of Bologna. 
Sabouraudia. 1968;6(2):163-164. 
DOI: 10.1080/00362176885190291

[131] Poveda F, García-Alegría J, de las 
Nieves MA, Villar E, Montiel N, del 
Arco A. Disseminated histoplasmosis 
successfully treated with liposomal 
amphotericin B following azathioprine 
therapy in a patient from a nonendemic 
area. European Journal of Clinical 
Microbiology & Infectious Diseases. 
1998;17(5):357-359. DOI: 10.1007/
BF01709461

[132] Antinori S, Giacomelli A, 
Corbellino M, Torre A, Schiuma M, 
Casalini G, et al. Histoplasmosis diagnosed 
in Europe and Israel: A case report and 
systematic review of the literature from 
2005 to 2020. Journal of Fungi (Basel). 
2021;7(6):481-502. DOI: 10.3390/
jof7060481

[133] Goodwin RA, Lloyd JE, Des 
Prez RM. Histoplasmosis in normal hosts. 

Medicine (Baltimore). 1981;60(4):231-
266. DOI: 10.1097/00005792-198107000-
00001

[134] Shen Q, Rappleye CA. Living within 
the macrophage: Dimorphic fungal 
pathogen intracellular metabolism. 
Frontiers in Cellular and Infection 
Microbiology. 2020;10:592259. 
DOI: 10.3389/fcimb.2020.592259

[135] Newman SL, Gootee L, Bullock WE. 
Inhibition of intracellular growth 
of Histoplasma capsulatum yeast 
cells by cytokine-activated human 
monocytes and macrophages. Infection 
and immunity. 1991;59(2):737-741. 
DOI: 10.1128/iai.59.2.737-741.1991

[136] Fojtasek MF, Sherman MR, 
Garringer T, Blair R, Wheat LJ, 
Schnizlein-Bick CT. Local immunity 
in lung-associated lymph nodes 
in a murine model of pulmonary 
histoplasmosis. Infection and Immunity. 
1993;61(11):4607-4614. DOI: 10.1128/
iai.61.11.4607-4614.1993

[137] Guimarães AJ, Nosanchuk JD, 
Zancopé-Oliveira RM. Diagnosis 
of histoplasmosis. Brazilian Journal 
of Microbiology. 2006;37:1-13. 
DOI: 10.1590/s1517-83822006000100001

[138] Newman SL, Gootee L, Gabay JE. 
Human neutrophil-mediated fungistasis 
against Histoplasma capsulatum. 
Localization of fungistatic activity to the 
azurophil granules. Journal of Clinical 
Investigation. 1993;92(2):624-631. 
DOI: 10.1172/jci116630

[139] Lin JS, Huang JH, Hung LY, 
Wu SY, Wu-Hsieh BA. Distinct roles 
of complement receptor 3, Dectin-1, 
and sialic acids in murine macrophage 
interaction with Histoplasma yeast. 
Journal of Leukocyte Biology. 
2010;88:95-106. DOI: 10.1189/jlb.1109717



Epidemiology of Histoplasmosis
DOI: http://dx.doi.org/10.5772/intechopen.110901

33

[140] Lin JS, Yang CW, Wang DW, 
Wu-Hsieh BA. Dendritic cells cross-
present exogenous fungal antigens 
to stimulate a protective CD8 T cell 
response in infection by Histoplasma 
capsulatum. Journal of Immunology. 
2005;174:6282-6291. DOI: 10.4049/
jimmunol.174.10.6282

[141] Nosanchuk JD, Gacser A. Histoplasma 
capsulatum at the host-pathogen interface. 
Microbes and Infection. 2008;10:973-977. 
DOI: 10.1016/j.micinf.2008.07.011]

[142] Roth MT, Zamith-Miranda D, 
Nosanchuk JD. Immunization strategies 
for the control of histoplasmosis. Current 
Tropical Medicine Reports. 2019;6(2):35-
41. DOI: 10.1007/s40475-019-00172-3

[143] Almeida PCS, Roque BS, Felice AG, 
Jaiswal AK, Tiwari S, Azevedo V, et al. 
Comparative genomics of Histoplasma 
capsulatum and prediction of new vaccines 
and drug targets. Journal of Fungi. 
2023;9:193. DOI: 10.3390/jof9020193

[144] McKinsey DS, Wheat LJ, Cloud GA, 
Pierce M, Black JR, Bamberger DM, 
et al. Itraconazole prophylaxis for 
fungal infections in patients with 
advanced human immunodeficiency 
virus infection: Randomized, placebo-
controlled, double-blind study. National 
Institute of Allergy and Infectious 
Diseases mycoses study group. Clinical 
Infectious Diseases. 1999;28(5):1049-
1056. DOI: 10.1085/514744

[145] Miller R, Assi M. Endemic fungal 
infections in solid organ transplantation. 
American Journal of Transplantation. 
2013;13:25-261. DOI: 10.1111/ajt.12117

[146] Wallis RS, Broder M, 
Wong J, Lee A, Hoq L. Reactivation 
of latent granulomatous infections 
by infliximab. Clinical Infectious 
Diseases. 2005;41(3):194-198. 
DOI: 10.1086/429996


