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Simple Summary: Histoplasmosis, caused by the fungus Histoplasma capsulatum, can
impact animals and humans, with bats as known carriers. We tested 285 bat guano
samples from Portugal and found no positive cases, consistent with low detection rates in
Europe. This suggests that bats in Portugal are unlikely to spread Histoplasma capsulatum
and highlights the need for continued monitoring.

Abstract: Histoplasmosis, caused by the fungus Histoplasma capsulatum, poses health risks
to various mammals, including humans. Bats are primary wild carriers of Histoplasma
capsulatum, playing a crucial role in its epidemiology. However, fecal shedding in Europe
remains poorly studied, with no data available for Portugal. This study analyzed 285
guano samples from 22 bat species, collected across Portuguese regions between 2014 and
2018, using a nested PCR assay. Despite using a sensitive method, no positive samples
were detected. These results align with other European studies, suggesting that
Histoplasma capsulatum circulates at low levels in European bat populations. However,
they contrast with findings from regions like Brazil and Mexico, where the fungus is more
prevalent due to differing geographic, climatic, and ecological factors. The absence of
Histoplasma capsulatum in Portuguese bat guano highlights the importance of local
environmental conditions and raises questions about its distribution in Europe. Although
bats can harbor zoonotic pathogens, our findings suggest they do not shed Histoplasma
capsulatum in Portugal. Continuous monitoring and research are essential in
understanding infectious disease dynamics. Targeted surveillance in caves could improve
early detection and management strategies for potential histoplasmosis outbreaks,
contributing to public health efforts in these ecosystems.
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1. Introduction

Histoplasmosis is a systemic infection found in numerous locations worldwide [1,2],
caused by the dimorphic ascomycete fungus Histoplasma capsulatum, belonging to the
family Ajellomycetaceae and the order Onygenales [3,4]. This fungal pathogen
dimorphism is induced by temperature variations during its growth, involving a
transition between a filamentous phase and a yeast phase [3]. This shift involves changes
in cellular morphology and cell wall composition, which are critical factors in the
virulence of fungi such as H. capsulatum [5]. In its environmental, dimorphic mold phase,
H. capsulatum produces microconidia, the latter being smooth-walled and 2 to 4 um in
diameter and serving as the infectious elements acquired via inhalation. The yeast phase,
representing the parasitic form, consists of oval budding cells measuring 2 to 4 pm,
predominantly observed within macrophages and histiocytes, indicative of its capacity
for persistent latency [6].

Histoplasma capsulatum was traditionally classified into three varieties: H. capsulatum
var. capsulatum, H. capsulatum var. duboisii, and H. capsulatum var. farciminosum [1,3,7].
However, recent studies have revealed extensive genetic diversity within the capsulatum
variety, suggesting the existence of several new species. Using whole-genome sequencing,
H. capsulatum var. capsulatum has been reclassified into four distinct species: H. capsulatum
sensu stricto (known as the Panama or H81 lineage), H. mississippiense (NAm1 lineage), H.
ohiense (NAm?2 lineage), and H. suramericanum (LAmA lineage) [8,9].

The morphologic transition of H. capsulatum from mold to yeast is essential to its
virulence. Experimental studies have shown that this conversion to the yeast form is
crucial in establishing disease [4,10]. This conversion alters the composition of the cell
wall, increasing a-(1,3)-glucan, associated with the fungus’s virulence. Studies have
shown that the a-(1,3)-glucan synthase gene (AGS1) is responsible for producing this
polymer, which is essential in the pathogenicity of H. capsulatum [4,11]. When this gene is
disrupted or its expression is silenced, the growth of the yeast in macrophages in vitro is
impaired, as well as its ability to colonize the lungs of rodents. Additionally, H. capsulatum
expresses a calcium-binding protein (CBP1) for growth in macrophages and survival in
the host. The fungus also produces the protein Yps3, which aids in its virulence. The a-
(1,3)-glucan on the yeast surface helps the fungus evade detection by the host’s immune
system, contributing to its pathogenicity [4,12,13].

In immunocompetent individuals, the infection often remains asymptomatic, with
fatal outcomes being uncommon [14]. However, in immunocompromised individuals,
such as solid organ transplant recipients or those taking immunosuppressive medications,
the infection can become severe and spread, raising the risk of serious complications [15].
People with HIV/AIDS are especially vulnerable; in the United States, between 2002 and
2017, the mortality rate for HIV-positive individuals was approximately 37% [14]. The
clinical manifestations includes acute pulmonary histoplasmosis, chronic cavitary
pulmonary histoplasmosis, granulomatous mediastinitis, mediastinal fibrosis, and even
pericarditis in some cases [16,17]. The symptoms include fever, headache, weakness,
substernal chest discomfort, and dry cough [17].

Histoplasmosis is predominantly found in the Americas, Africa, and Asia. Although
histoplasmosis is not endemic in Europe, it is typically considered an imported disease,
and there have been reports of small foci and potential autochthonous human cases in
countries such as Italy [1,3], the United Kingdom, Germany, Turkey, Switzerland, Spain,
and France [1,15,18-20], with the vast majority of cases detected in Spain, France, and
Italy. A cat in Europe presented with systemic signs, including an abdominal mass and
granulomatous inflammation, and was diagnosed post mortem with histoplasmosis,
marking the first reported case in felines within Europe [21].
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The disease is prevalent in the Mississippi and Ohio valleys in the United States, as
well as in Central and South America, India, Southeast Asia, and parts of Africa.
Histoplasmosis is acquired through the inhalation of microconidia usually found in soils,
bird feces, and bat guano and affects various mammalian hosts, including dogs, rodents,
cats, horses, marsupials, and bats [3,22,23].

Bats are considered the primary wild mammalian carriers of H. capsulatum [3],
playing a significant role in the epidemiology of histoplasmosis. These animals become
infected by inhaling fungal spores, which can disseminate throughout their bodies,
including the intestines, and are subsequently released into the environment via their
feces. Their nitrogen-rich guano not only facilitates further fungal growth but also enables
the infection of new hosts, underscoring the crucial role that bats play in the epidemiology
of histoplasmosis [24,25]. Bats harbor several pathogens in their feces, serving as
significant sources of environmental contamination [26]. Studies have shown that
randomly captured bats can develop disseminated histoplasmosis, as evidenced by
positive cultures from key organs of their immune system, such as the liver and spleen
[16]. As known reservoirs for H. capsulatum, bats not only promote fungal growth in caves
through their waste but also introduce infectious spores into guano-covered cave surfaces.
Bats can carry and spread H. capsulatum even outside of caves [27]. The infective
microconidia of H. capsulatum become aerosolized when contaminated soil is disturbed,
and once they have been inhaled and have reached the alveoli in the lungs, they transform
into budding yeast forms [28]. Unlike birds, bats can both acquire and transmit the fungus,
aiding its incorporation into new ecological niches in favorable environments [29].
Numerous reports highlight histoplasmosis outbreaks among individuals exposed to
accumulated bat feces, particularly among workers involved in cleaning or demolishing
buildings and tourists visiting caves with large bat colonies [30-34].

Only a few studies have assessed the role of European populations of bats as
reservoirs for H. capsulatum [35,36], and to the best of our knowledge no study has ever
been conducted in the Iberian bat species. Given the important role that bats play in the
epidemiology of histoplasmosis in animals and humans, this study aimed to investigate
the presence of H. capsulatum in guano samples from different bat species in Portugal.

2. Materials and Methods
2.1. Study Population

A study was carried out involving 285 guano samples collected between 2014 and
2018 in 33 different locations in the Viana do Castelo (n= 2), Porto (n = 4), Viseu (n = 22),
Guarda (n = 174), Castelo Branco (n = 77), Settbal (n = 3), and Beja (1 = 3) regions of
Portugal (Figure 1). Bats were captured using mist nets or harp traps at roost exits.
Individual bats were placed in clean cotton bags, from which guano pellets were gathered.
These pellets were stored in 2 mL tubes with silica beads and kept at —20 °C until further
analysis [37]. Bat species were visually identified by two experts on the team. Addition-
ally, to confirm species designation, a 3 mm wing punch was non-lethally taken from five
individuals from each species that had first been visually identified. Wing punches were
stored in 96% ethanol and used for DNA extraction, followed by the amplification and
sequencing of two COI gene fragments [38].
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Figure 1. Geographical distribution of guano samples collected in Portugal. Dark yellow repre-
sents the districts were the samples were collected from and light yellow the remaining districts of

mainland Portugal.

All actions related to the capture and handling of bats were carried out in full com-
pliance with the permits issued by the Instituto da Conservagao da Natureza e das Flores-
tas, ensuring strict adherence to the regulations and guidelines established by the conser-
vation authority (license number: 1 274/2023/CAPT).

2.2. DNA Extraction

Genomic DNA was extracted using a custom protocol. This protocol began with in-
cubation in a lysis buffer (0.1 M Tris-HC], 0.1 M EDTA, 0.01 M NaCl, 1% N-lauroylsarco-
sine, pH 7.5-8), followed by the removal of inhibitors using Inhibitex tablets (Qiagen, Hil-
den, Germany), cell lysis, DNA precipitation, and washing, which were performed with
the E.Z.N.A. Tissue Kits (Omega Bio-Tek, Norcross, GA, USA). The extraction protocol
was started by adding one fecal pellet to 800 pL of lysis buffer. The samples were homog-
enized, vortexed, and incubated at 70 °C for 30 min in a dry bath. Thereafter, samples
underwent a short spin, and up to 700 uL of supernatant was transferred to a new tube
with a quarter of an Inhibitex tablet. The mixture was vortexed for 1 min and centrifuged
again at 12,000 g for 30 s. Up to 500 uL of the supernatant was then transferred to a new
tube, and 25 uL of OB Protease was added. The subsequent steps followed the kit instruc-
tions, except for DNA being eluted twice into two separate tubes, each eluted in a 50 uL
volume. DNA was extracted in batches of 23 samples, with one negative control, where
no fecal pellet was used. The extracted DNA was placed in 96-well plates.
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2.3. Molecular Detection of H. capsulatum

To detect H. capsulatum, we employed a nested PCR with the outer primer set Hcl (5'-
GCGTTC CGA GCCTTC CAC CTC AAC-3') and HclI (5'-ATG TCC CAT CGG GCG CCG
TGT AGT-3') and the inner primers Hclll (5- GAGATCTAGTCGCGGCCA GGT TCA-3')
and HclV (5'-AGG AGA GAA CTG TAT CGG TGG CTT G-3'), which amplified a 210 bp
final gene PCR product [39]. PCR reactions were performed on a thermocycler (Bio-Rad,
Hercules, CA, USA). Reactions mixtures were prepared using SpeedySupreme NZYTaq
2x Green Master Mix (NZYTech, Lisbon, Portugal) according to the manufacturer’s in-
structions, with the appropriate primer sets for each round. The first-round cycling con-
ditions included an initial denaturation at 95 °C for 5 min, followed by 40 cycles at 94 °C
for 2s, 50 °C for 5 s, and 72 °C for 5 s, ending with a final extension at 72 °C for 10 min.
The second round follow the same conditions, except for the annealing temperature that
was changed to 65 °C.

Following PCR amplification, DNA fragments were separated by electrophoresis on
1.5% agarose gels stained with Xpert Green Safe DNA gel dye (GRiSP®, Porto, Portugal).
The electrophoresis was run at a constant voltage of 120 V for 25 min. The results were
visualized by exposing the gels to UV light.

For the positive control, a synthetic oligonucleotide corresponding to the target se-
quence of H. capsulatum was used, covering the region amplified by the external/internal
primers Hclll and HclV, resulting in a 210 bp product.

2.4. Sequencing Analysis

Amplicons of the expected size were purified using the GRS PCR & Gel Band Purifi-
cation Kit (GRiSP®, Porto, Portugal). After purification, bidirectional sequencing was per-
formed with the Sanger method using the appropriate internal primers for the target gene.
Sequences were then aligned with the help of the BioEdit Sequence Alignment Editor
v7.1.9 software package, version 2.1v, and compared with those in the NCBI (GenBank)
nucleotide database (https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 10 September
2024).

3. Results

In this study, a total of 285 stool samples were collected between 2024 and 2018 from
bats in seven regions of Portugal. From the visual identification followed by COI DNA
barcode analysis, it was determined that bats belonged to 22 species from four families
(Vespertilionidae, Rhinolophidae, Molossidae, and Miniopteridae) (Table 1).

Table 1. Description, number, and percentages of bat species included in the study with indication

of the main roost type used by each species.

Species Family Number Percentage Roost Type
Rhinolophus euryale Rhinolophidae 8 2.8 Cave-dwelling
Rhinolophus ferrumequinum  Rhinolophidae 16 5.6 Cave-dwelling
Rhinolophus hipposideros Rhinolophidae 4 1.4 Cave-dwelling
Barbastella barbastellus Vespertilionidae 14 4.9 Tree-dwelling
Eptesicus isabellinus Vespertilionidae 3 1.1 Several
Hypsugo savii Vespertilionidae 17 6.0 Rock-dwelling
Eptesicus serotinus Vespertilionidae 13 4.6 Several
Myotis blythii Vespertilionidae 2 0.7 Cave-dwelling
Myotis daubentonii Vespertilionidae 17 6.0 Tree-dwelling
Myotis emarginatus Vespertilionidae 13 4.6 Tree-dwelling
Myotis escalerai Vespertilionidae 24 8.4 Tree-dwelling
Myotis myotis Vespertilionidae 8 2.8 Cave-dwelling

Myotis mystacinus Vespertilionidae 1 0.4 Tree-dwelling
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Nyctalus lasiopterus Vespertilionidae 4 1.4 Tree-dwelling
Nyctalus leisleri Vespertilionidae 24 8.4 Tree-dwelling
Pipistrellus kuhlii Vespertilionidae 5 1.8 Several
Pipistrellus pipistrellus Vespertilionidae 54 18.9 Several
Pipistrellus pygmaeus Vespertilionidae 1 0.4 Several
Plecotus auritus Vespertilionidae 27 9.5 Several
Plecotus austriacus Vespertilionidae 17 6.0 Several
Tadarida teniotis Molossidae 11 3.9 Rock-dwelling
Miniopterus schreibersii Miniopteridae 2 0.7 Cave-dwelling

Total N.A. 285 100 N.A.

N.A.: Not applicable.

In the screening of the total 285 guano samples for H. capsulatum by nested PCR, none
were shown to be positive for H. capsulatum

4. Discussion

This study investigated the presence of H. capsulatum in 285 guano samples collected
from 22 bat species across seven districts in Portugal, with no positive cases detected using
nested PCR. The results presented here should be interpreted with caution. Although we
used a highly sensitive and specific approach to H. capsulatum detection, this pathogen
could be present in quantities below the method’s detection limit. The detection method
could also be a factor in the negative results; the definitive method for detection histoplas-
mosis involves conventional techniques such as fungal culture and histopathological anal-
ysis. Although culturing H. capsulatum is highly specific and reliable, it requires advanced
biosafety level 3 facilities, highlighting the need for alternative or complementary diag-
nostic approaches that provide quicker results and are less dependent on specialized in-
frastructure [40].

These results align with the limited literature available in databases on H. capsulatum
in Europe. For instance, a study conducted on bat samples in France reported that only 1
out of 83 samples tested positive for H. capsulatum [35], highlighting the rarity of detection
in European bat populations.

On the other hand, the results stand in contrast to findings from other studies on bat
samples from other non-European regions, such as Brazil [3,16,25,32] and Mexico [24,41].
This divergence could be due to several factors, including geographic differences in fungal
distribution or climatic and ecological conditions in each region that influence the preva-
lence of the fungus. While Portugal has a more Mediterranean climate (Képpen climate
classification Csa/Csb) that limits the prevalence of H. capsulatum, Brazil, with its humid
tropical climate (Koppen: Af/Aw/Cfa/BSh), provides ideal conditions for fungal develop-
ment. Mexico, with its climatic diversity (Koppen: Af/Csa/BSh/Bw), has regions where
conditions are favorable for H. capsulatum, especially the tropical areas in the south; how-
ever, the arid zones of the north are less favorable. This comparison highlights how cli-
matic conditions influence the epidemiology of histoplasmosis in different regions.

Although few studies have been conducted in bat reservoirs in Europe, studies per-
formed in humans have identified potential autochthonous cases in countries such as It-
aly, the United Kingdom, Germany, Turkey, Switzerland, Spain, and France [1,15,18-20],
of which 80.7% of the cases were diagnosed in Spain (49.1%), France (19.3%), and Italy
(12.3%) [15]. The results from this previous studies, including case reports from Portugal,
have demonstrated the presence of H. capsulatum in this geographical area [1,15,18,20,42].
However, most cases reported in Portugal involved individuals who had lived for ex-
tended periods in Africa, where H. capsulatum var. duboisii, the causative agent of African
histoplasmosis, is more commonly found. H. capsulatum var. duboisii is not native to Eu-
rope, and cases in Europe, particularly in Portugal, are often linked to travel or residency
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References

in Africa [42,43]. The presence of this variant further underscores the influence of geogra-
phy on the distribution of H. capsulatum and the epidemiology of histoplasmosis.

Although this study shows no evidence of the shedding of H. capsulatum in the stools
of bats in Portugal, the pathogen’s presence in very low concentrations, potentially below
the detection threshold, cannot be ruled out, further emphasizing the need for continued
investigations with alternative methods or more sensitive approaches, to detect H. capsu-
latum in low-prevalence areas.

5. Conclusions

In conclusion, despite the extensive testing of guano samples in Portugal, no positive
results for H. capsulatum were found. This absence raises important questions regarding
the distribution of this pathogen within the region. Given the ecological conditions of
caves and the potential habitats for this fungus, it is crucial that we consider the implica-
tions for human health and the possibility of zoonotic transmission. Although our study
indicates a lack of H. capsulatum presence in these specific samples, further research is
necessary to better understand the epidemiology of this pathogen in Portugal. Implement-
ing monitoring programs in cave ecosystems could be beneficial in the early detection and
management of future outbreaks.
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