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38 ABSTRACT

39 Abstract: Caves serve as natural reservoirs for diverse microbial species due to
40 their unique biotic and abiotic conditions. Histoplasma spp. is frequently associated with
41  guano-enriched soil, low luminosity, and high humidity, particularly in Latin America, a
42  region highly endemic for histoplasmosis. Despite the continent’s diverse biomes, local
43  environmental and host distributions of Histoplasma remain poorly understood. To ad-
44  dress this knowledge gap, we conducted a Histoplasma-specific quantitative PCR (qPCR)
45  assay targeting the hc100 gene on guano samples from seven bat-inhabited caves and
46 tissue samples from 74 bats of nine species in the Federal District of Brazil and surround-
47  ing regions. We detected Histop/lasma DNA in 16 of 80 soil samples (20%) and in 33 bats
48 representing seven species. Among 222 tissue samples (74 lung, 74 spleen, 74 brain), 39
49  tested positive: 22 lung, 10 spleen, and 7 brain samples. Four bats had Histoplasma DNA
50 in both lung and brain, and two in both lung and spleen. By mapping the presence of
51  Histoplasma across sampled caves, we identified environmental hotspots of fungal preva-

52  lence, emphasizing the need for targeted surveillance.

53 Importance: Our study provides critical insights into the environmental and host
54  distribution of Histoplasma spp. in Brazil, identifying caves with high fungal prevalence
55 and demonstrating its presence in multiple bat species. These findings underscore the
56 necessity of public health interventions to mitigate the risk of histoplasmosis among cave
57 visitors in the region. Additionally, we highlight the utility of qPCR for detecting
58  Histoplasma in environmental and biological samples, supporting future epidemiological

59 research in Latin America.

60
61 1.INTRODUCTION
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62 Natural caves are biodiverse ecosystems, having served as habitats for a myriad of
63  species (1). From low to no luminosity, high humidity, constant temperature and high con-
64  centrations of organic and inorganic matter, these environments combine specific condi-
65 tions for the coexistence of cavernicolous species encompassing all five kingdoms (2).
66 From a public health perspective, they may harbor medically relevant species, including
67 viral, bacterial and fungal pathogens (3—-5). Among the many microorganisms found in
68 cave environments, Histoplasma spp. stands out as a dimorphic fungal genus responsible
69 for histoplasmosis, a systemic mycosis with global distribution (6, 7). In the soil,
70  Histoplasma grows as mycelia and produces infectious spores, referred to as micro- and
71  macroconidia. When Histoplasma-contaminated soil is disturbed, humans and other
72  mammals can inhale the fungal propagules. Once in the lungs, mammal body temperature
73  (37°C and upwards) cues the transition of these propagules which convert into yeast
74  forms, potentially causing a primary lung infection. (8). The fungus naturally infects bats
75 and is consistently identified through microbiological, serological, or molecular assays
76  across Latin America (9, 10). Bat excrement of these animals is rich in nitrogen and phos-
77  phorus. Combined with an acidic pH, mild temperatures, and high humidity, these nutri-
78 ents create a hospitable environment for Histoplasma growth in bat-inhabited caves (11).
79  This tight co-existence suggest that bats might play an important role in the ecology and
80  evolution of Histoplasma (10, 12).

81 Cave visitation has long been associated with histoplasmosis outbreaks (13-16).
82  Brazil has 23,378 catalogued caves, with numerous others awaiting exploration. Of these,
83 12,279 are estimated to be in the states of Goids, Minas Gerais and the Federal District
84  (the latter harboring the country’s capital, Brasilia), due to regional geological features
85  (17). Cave visitation by speleologists and tourists is an important scientific and ecotourism
86  activity in the midwestern region of Brazil. However, it presents a potential risk to its prac-
87  titioners due to the high risk of exposure to Histoplasma sp. Notably, there have been
88 continuous reports of outbreaks and isolated cases of histoplasmosis in and around the
89  Federal District, potentially associated with cave visits (18—-21). However, little is known

90 about the presence and prevalence of Histoplasma in their hosts and within cavernicolous
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91 environments in those areas. Field studies are highly needed to identify and prevent expo-
92  sure to Histoplasma sp. In this piece, we bridge that gap. We used qPCR-based assays to
93  detect Histoplasma in cave environments and bats in the Federal District and surrounding
94  areas. By identifying the presence of Histoplasma in caves and hosts, researchers can pin-
95 point histoplasmosis hotspots, which could inform public policies to reduce exposure for
96 cave visitors.

97

98 2.MATERIALS AND METHODS
99

100 2.1 Collection of Soil Samples and DNA extraction

101 We collected guano samples from eight different caves located in the Federal Dis-
102  trict and surrounding areas, including Goids and Minas Gerais states. The locations of the-
103  se caves are listed in Table 1. Since the caves contained large amounts of organic material,
104 ranging from bat carcasses to guano, as well as visible fungal mycelia (Figure 1), all team
105 members used appropriate personal protective equipment (PPE), including gloves, N95
106  masks, and protective suits. All sampling procedures were conducted with the support of
107 cave experts and military firefighters, ensuring strict adherence to biosafety protocols.
108 One cave, Gruta do Sal/Fenda I, which has two entrances, was sampled twice in different
109 sections, one year apart, and the collections were analyzed separately. We collected gua-
110 no samples using disposable spatulas and placed them in labeled sterile 50-mL conical
111  tubes (Fisher Scientific). We placed all samples in Styrofoam boxes at room temperature
112  before DNA extraction. At the end of each collection, we autoclaved and discarded all PPE
113  and sampling tools.

114

115 TABLE 1 — Location of caves sampled for Histoplasma sp. detection in Brazil. The NRC
116  (“Cave Registry Number”) is a cave identifier created by a local speleology group (SBE —
117  Brazilian Society of Speleology - https://sbecnc.org.br/). Gruta is the Portuguese word for
118  “grotto”.

Local name of Latitude Longitude City/State NRC
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the cave
Gruta do Volks -15.87277778  -47.81000000 Brasilia DF-7
Clube (Federal District)
Gruta do Sal / -15.512947/ -48.167329/ Brazldndia DF-5/DF-16
Fenda Il -15.51166667 -48.16666667 (Federal District)
Dois Irmaos -15.519847 -48.124629 Brazlandia DF-12
(Federal District)
Toca da Onga -15.483476 -47.306596 Formosa GO-57
(Goias)
Lapa do Musungo -14.98666667  -46.57777778 Flores de Goias GO-525
(Goias)
Gruta dos Ecos -15.689858 -48.406454 Cocalzinho de Goias GO-18
(Goias)
Gruta Tamboril -16.323800 -46.984300 Unai MG-396
(Minas Gerais)
119
120 To perform DNA extraction, we used 0.25 to 0.5 g of soil-containing guano as input

121  material in a class Il A2 biosafety cabinet using the DNeasy PowerSoil Kit (QIAGEN). We
122  followed the manufacturer’s protocol but included ten cycles of one minute at 6,500 rpm
123  for the cell lysis step by using a Precellys® Tissue Homogenizer (Bertin Technologies). We
124  quantified the yield of DNA extraction on a Qubit® and on a Nanodrop 2000® instrument
125  (both by ThermoFisher Scientific). All samples were adjusted to a final concentration of 10
126  ng/pL with nuclease-free water.

127

128 2.2 Bat capture and DNA extraction

129 To assess the presence of Histoplasma in bats, we captured individuals using mist
130 nets deployed in both urban and rural areas, as well as at cave exits in the Federal District
131  and surrounding regions. We collected bats in 13 different locations in urban, peri-urban
132  and rural areas of the Federal District and its surroundings. At least four mist nets (12 x 3
133 m) were mounted at each sampling site. The nets stayed open for eight hours starting at

134  sunset (from 6:00 pm to 2:00 am) and we checked for animals every 15 minutes. For this
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135  study, we included only adult individuals. We removed captured bats from the net, and
136  placed them in cotton bags except for pregnant or lactating females, which were handled
137  more quickly, banded, and immediately released. All specimens received a unique identifi-
138 cation number associated to the collection metadata (capture location, forearm length,
139  weight, age, sex and species). Collected individuals were then transported to the Bat Biol-
140 ogy and Conservation Centre at the University of Brasilia for euthanasia and morphologi-
141  cal characterization. Euthanasia was carried out using isoflurane anesthesia followed by
142  cardiac puncture, in accordance with the protocols previously outlined (22). Dissected
143  organs were stored in RNAlater® (Thermo Fisher) and preserved at -80 °C at the Institute
144  of Biological Sciences of the University of Brasilia for subsequent DNA extraction. After all
145  these procedures, the skulls and skins of individuals in good conditions were stored at the
146  Mammal Collection of the Department of Zoology at the University of Brasilia. We sought
147 a minimum of 70 adult bats with a balanced sex ratio, evenly distributed across species,
148 including frugivores, insectivores, and hematophagous bats (See Results). All collections
149  were approached by the University of Brasilia Institutional Animal Care and Use Commit-
150 tee, process 23106.133703/2020-92, and the Biodiversity Permits and Information System
151  (SISBIO), under protocol number 77229.

152 Next, DNA extraction from lungs, spleen and brain were performed using the
153  Allprep® DNA/RNA/Protein mini kit (QIAGEN). We followed the manufacturer’s protocol
154  but included three cycles of one minute at 6,500 rpm for the cell lysis step in a Precellys®
155  Tissue Homogenizer (Bertin Technologies) to ensure fungal cell wall disruption. The integ-
156 rity of DNA was assessed through agarose gel electrophoresis and it was subsequently
157  quantified using spectrometry on a NanoDrop 2000®. DNA samples were adjusted to a
158 final concentration of 10 ng/pL with nuclease-free water.

159

160 2.3 Validation of the positive control and the qPCR assay

161 As the positive control, we utilized purified DNA from the strain, CAO4, which be-
162  longs to the Histoplasma RJ lineage (23). This strain was recovered from a dog assisted at

163  the Evandro Chagas National Institute of Infectious Diseases (INI/Fiocruz) in Rio de Janeiro
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164 (23, 24). To validate the positive control for quality, we performed a conventional PCR
165  assay of the universal fungal barcodes targeting the rDNA locus ITS1-5.85-ITS2 (25). In ad-
166 dition, the positive control sample was subjected to a PCR targeting the gene encoding the
167 hcl00 antigen of Histoplasma sp. using the 84R22 (5 GCAGARAATACCYCAAGCC 3’) for-
168  ward primer and the 15F23 (5" GTATCCCACAGCATCMYGGAGGT 3’) reverse primer (26).
169  Both conventional PCR reactions were set up in a final volume of 25 uL, containing 12.5 pL
170  of the GoTaq® gqPCR Master Mix (Promega Corporation), 0.15 puM of each primer, and 10
171  ng of template DNA. Thermocycling was performed in a Veriti™ 96-Well Fast Thermal Cy-
172  cler (Thermo Fisher) with the following conditions: initial denaturation at 95 °C for two
173  minutes; 35 cycles of denaturation at 94 °C for 30 seconds, annealing for 45 seconds, at 55
174  °C for the ITS locus and 58 °C for the hc100 locus, and extension at 72 °C for 30 seconds;
175 and a final extension at 72 °C for 5 minutes. PCR products were loaded onto a 1% agarose
176  gel stained with ethidium bromide and submitted to electrophoresis. Gels were docu-
177  mented using a ChemiDoc™ XRS+ imaging system (Bio-Rad).

178 Finally, we validated the gPCR assay targeting the hc100 gene using the primers
179 described above and the fluorescent TagMan probe 45123 (5-/56-
180 FAM/CCTTCTTGCAACTYCCYGCGTCT/3BHQ_1/-3’) on the purified DNA of the CAO4 strain.
181 Reactions were performed in a final volume of 20 pL, consisting of 10 uL of the Prime-
182 Time® Gene Expression Master Mix 2X (Integrated DNA Technologies), 0.15 uM of each
183  primer and the probe, and template DNA at concentrations of 0.1 ng, 1 ng, 10 ng, and 100
184  ng to determine the minimal detection threshold. The qPCR assays were set up in 96-well
185 plates and performed on a 7500 Fast Real-Time PCR System (Thermo Fisher) with the fol-
186 lowing conditions: initial denaturation at 95 °C for 10 min; plus 50 cycles of denaturation
187  at 94 °C for 15 seconds, annealing at 58 °C for 30 seconds, and extension at 72 °C for 10
188 seconds. The reaction signal emitted by the TagMan probe fell within the FAM-TAMRA
189 range. The output data was processed and analyzed using the Design and Analysis 2.6.0
190 Real-Time PCR System software (Thermo Fisher Scientific). The qPCR experiments aimed

191  at detecting Histoplasma sp. in both environmental samples and DNA from bats followed
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192  the previously described parameters. These parameters included the use of 10 ng of tem-
193  plate DNA and were conducted in triplicate for each sample.

194

195 2.4 Georeferencing of Histoplasma sp. in the Federal District and surrounding areas

196 Next, we plotted the abundance of qPCR positive assays in a map. The latitude and
197 longitude coordinates of the caves were retrieved from the National Cave Registry of the
198  Brazilian Society of Speleology (NCR/SBE). The cartographic database was taken from the
199 database of the Brazilian Institute for Geography and Statistics (IBGE -

200 https://www.ibge.gov.br/geociencias/organizacao-do-territorio/malhas-

201  territoriais/15774-malhas.html). We used the QGIS Standalone software version 3.22 to

202  combine these datasets and plot the maps.

203
204 3. RESULTS

205

206 3.1 Molecular detection of Histoplasma in cave environments

207 We collected 80 soil samples across seven caves located in the Federal District and
208 the states of Goias and Minas Gerais, as shown in Figure 2. PCR assays targeting both ITS
209  and hc100 successfully amplified DNA fragments of the expected sizes (391 bp and 210 bp,
210 respectively) for the H. suramericanum (CAOA4) positive control (data not shown). The
211  gPCR assay demonstrated a high sensitivity for the positive control in DNA concentrations
212  ranging from 0.1ng to 100 ng (Figure S1). After standardizing the gPCR assay, we observed
213  that 16 soil samples (20%) were positive for the fungal DNA, and 64 (80%) were negative
214  (Table 2, Figure 2). The 16 positive samples were identified in six of the eight caves sam-
215 pled as follows: Gruta do Sal Fenda Il (2020), 21% positivity (three out of 14 samples);
216  Gruta do Sal / Fenda Il (2021), 60% positivity (three out of five); Gruta Dois Irmdos, 11%
217  positivity (three out of 27); Caverna dos Ecos, 50% positivity (three out of six); Toca da
218 Onga, 43% positivity (three out of seven); Gruta do Tamboril, 11% positivity (one out of
219 nine). In contrast, all samples from Gruta do Volks Clube (six samples) and Lapa do

220  Musungo (three samples) were negative for Histoplasma sp. (Table 2, Figure 2). The exact
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221  location of each cave coupled with positive and negative qPCR results are shown in Figure
222 2 and Supplementary Table 1.

223

224 3.2 Molecular detection of Histoplasma in bats

225 We captured 74 bats, 32 in urban areas and 42 in the rural areas of the Federal
226  District. The sample included 39 males and 32 females, while the sex of three individuals
227  could not be determined. Based on Diaz et al. (27) we identified nine species: Artibeus
228  lituratus (8), Artibeus planirostris (7), Cynomops planirostris (5), Desmodus rotundus (10),
229  Diaemus youngi (10), Diphylla ecaudata (10), Glossophaga soricina (18), Molossus
230  molossus (1) and Nyctinomops laticaudatus (5).

231 Desmodus rotundus and Diphylla ecaudata, with a prevalence of 70%, were the
232  two species with the highest prevalence of positive tests, followed by Nyctinomops
233 laticaudatus (60%), Artibeus lituratus and Glossophaga soricina (50%), Cynomops
234 planirostris (40%), and A. planirostris (14%). In contrast, no traces of Histoplasma DNA
235  were detected in Diaemus youngi and Molossus molossus. Among all samples, lung tissue
236  had the highest positivity rate, while brain tissue had the lowest. These results are sum-
237  marized in Figure 3, Table 2 and Supplementary Table2.

238

239  TABLE 2 — Summary of hc100 gPCR assays from bats samples positive for Histoplasma spp.
240

Species Location Gender Spleen Brain Lungs

University of
Brasilia -
Darcy Ribeiro
Artibeus lituratus Memorial Male Negative Negative Positive
University of
Brasilia —
Darcy Ribeiro
Artibeus lituratus Memorial Female Negative Negative Positive
University of
Brasilia —
Darcy Ribeiro
Memorial
Artibeus lituratus Building Male Negative Negative Positive

Artibeus lituratus Brasilia - Asa Male Negative Positive Negative
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Sul 404
Brasilia - Asa

Artibeus planirostris Norte 210 No Data Negative Negative Positive
Brasilia - Asa

Cynomops planirostris ~ Sul 405 Female Positive Negative Positive
Brasilia - Asa

Cynomops planirostris  Sul 405 Male Positive Negative Negative
Agua Rasa

Desmodus rotundus Farm Female Negative Negative Positive
Agua Rasa

Desmodus rotundus Farm Male Positive Negative Negative
Agua Rasa

Desmodus rotundus Farm Male Negative Negative Positive
Agua Rasa

Desmodus rotundus Farm - grotto  Male Positive Negative Negative
Gruta Dois

Desmodus rotundus Irmdos No Data Positive Negative Negative

Desmodus rotundus Gruta do Sal Female Positive Negative Negative
Agua Rasa

Desmodus rotundus Farm - grotto  Male Positive Negative Negative

Diphylla ecaudata Gruta do sal Male Negative Positive Positive

Diphylla ecaudata Gruta do sal Female Negative Positive Positive

Diphylla ecaudata Gruta do sal Female Negative Negative Positive

Diphylla ecaudata Gruta do sal Male Negative Positive Positive

Diphylla ecaudata Gruta do sal Male Negative Negative Positive

Diphylla ecaudata Gruta do sal Male Negative Negative Positive

Diphylla ecaudata Gruta do sal Female Negative Negative Positive
University of
Brasilia —
Darcy Ribeiro

Glossophaga soricine Memorial Male Negative Positive Negative
Gruta Dois

Glossophaga soricine  Irmdos Female Positive Negative Positive

Glossophaga soricine  Gruta do sal Male Positive Negative Negative
Gruta Dois

Glossophaga soricine  Irmdos Male Negative Positive Negative
Gruta Dois

Glossophaga soricine  Irmdos Female Negative Negative Positive
Granja do

Glossophaga soricine  Torto Female Negative Negative Positive
Granjado

Glossophaga soricine  Torto Male Negative Negative Positive
Brasilia - Asa
Norte SHCGN

Glossophaga soricine 716 Male Positive Negative Negative

Glossophaga soricine  Gruta Female Negative Negative Positive
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Kipreste
Universidade
Nyctinomops de Brasilia
laticaudatus Restaurant Male Negative Negative Positive
Universidade
Nyctinomops de Brasilia
laticaudatus Restaurant Female Negative Negative Positive
Universidade
Nyctinomops de Brasilia
laticaudatus Restaurant Female Negative Positive Positive
241
242
243 Male and female bats had similar infection rates, with Histoplasma sp. detected in

244 18 out of 39 (46.1%) males, 13 out of 32 (40.6%) females, and two of the three bats
245  with undetermined sex tested positive for Histoplasma sp. The proportion of infected
246  individuals did not differ among sexes (2-sample test for equality of proportions with
247  continuity correction; X? = 0.0515, df = 1, p-value = 0.821).

248 Next, we studied whether Histoplasma showed organ tropism in our bat sam-
249  ple (Figure 4). No bat showed infection in all three tissues. Sixteen bats showed positive
250 results only in the lungs, three only in the brain, and eight exclusively in the spleen. Addi-
251  tionally, four bats had positive results in both the lungs and brain, while two tested posi-
252  tivein both the lungs and spleen.

253

254 4. DISCUSSION

255 Natural caves provide unique environmental conditions that support diverse eco-
256  systems, including pathogenic fungi such as Histoplasma spp. (28). This study investigated
257  the presence of Histoplasma in soil samples from seven Brazilian caves in Goids, Minas
258  Gerais, and the Federal District, regions with numerous caves (17). We also examined bats
259 in the Federal District, recognizing their role as natural reservoirs of the fungus. Our re-
260 search was prompted by two histoplasmosis outbreaks in a rural area of the Federal Dis-
261 trict and a high incidence of cases among HIV/AIDS patients (18, 21) underscoring the
262  need to understand mammalian hosts and their environments in fungal transmission. Our

263  results indicate that Histoplasma is endemic and occurs in the environment in the Federal
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264  District and surrounding areas of Goids and Minas Gerais (7). Our findings have important
265 implications for detecting Histoplasma in environmental and clinical samples, expanding
266  our understanding of its distribution in Brazil, and assessing its epidemiological impact on
267  public health and wildlife reservoirs.

268 First, our assays demonstrate that a qPCR assay targeting the hc100 gene is an effi-
269 cient and reliable tool for detecting Histoplasma in environmental and animal samples
270  (Figure 2-3). This method has been validated for detecting Histoplasma in chicken manure,
271  cave soil, bird excrement and bat guano, and organic fertilizers (26, 29). Additionally, the
272  assay has been standardized for detecting Histoplasma in murine tissues with varying fun-
273  galloads (26). Given its high sensitivity, hc100-based qPCR has potential for routine clinical
274  diagnosis, though further validation is necessary. Traditional diagnostic methods, such as
275  fungal culture and biopsy, have low sensitivity and require prolonged incubation, necessi-
276  tating faster molecular alternatives. Moreover, these methods demand biosafety level 3
277  (BSL-3) laboratories and specialized personnel, emphasizing the need for rapid molecular
278 and immunological alternatives. Comparative studies have shown that PCR performs well
279  in detecting Histoplasma DNA in clinical samples (26, 29). Future research should further
280  assess qPCR applicability across different clinical sample types and different species of
281  Histoplasma.

282 Second, our report constitutes a confirmation that Histoplasma is often associated
283  to cavernicolous environments (Figure 2-3). Previous reports documented Histoplasma in
284  the Ecos and Tamboril caves. Tamboril Cave has been linked to multiple histoplasmosis
285  outbreaks, though most reports stem from media sources rather than peer-reviewed lit-
286  erature. In 2014, researchers conducting a soil survey developed histoplasmosis within ten
287  days despite using personal protective equipment (PPE) during sample collection (20). This
288 case underscores the difficulty of completely preventing exposure in high-risk environ-
289 ments. The cave has since been repeatedly closed, with warning signs posted at the en-
290 trance, but unauthorized access continues due to vandalism and disregard for safety
291 measures (30). These challenges highlight the need for more effective control strategies

292  beyond signage. Similarly, Gruta Dois Irmaos was the site of a recent histoplasmosis out-
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293  break among firefighters, reinforcing its status as a disease hotspot (18). In contrast, we
294  did not detect Histoplasma in Volks Clube and Lapa Musungo caves, possibly due to sam-
295  pling limitations or true fungal absence. The metropolitan location of Volks Clube Cave
296 may also inhibit fungal growth due to anthropogenic factors (31). Additional systematic
297  sampling is required to confirm fungal absence.

298 Our findings also inform our understanding of the relationship between bats and
299  Histoplasma. Previous studies have reported that ~25% of bats in Brazil are infected with
300 Histoplasma (32). Bats from Guyana show a similar infection rate (33). Wild bats from Ar-
301 gentina show (90%) a higher rate of infection. Different samplings from Mexico show a
302 wide range of infection rates (30-95%) which might reflect variance in community assem-
303  bly across geography (33). This study confirmed Histoplasma DNA in the lungs, spleen, and
304 brain of seven bat species: Artibeus lituratus, A. planirostris, Cynomops planirostris,
305 Desmodus rotundus, Diphylla ecaudata, Glossophaga soricina, and Nyctinomops
306 laticaudatus. Previous research has identified Artibeus lituratus, Desmodus rotundus,
307 Glossophaga soricina and Nyctinomops laticaudatus species as carriers of Histoplasma
308 infections (34). Thus, we provide valuable data from A. planirostris, Cynomops planirostris
309 and Diphylla ecaudata species which have never been previously described as natural
310 hosts for Histoplasma. (34). Two species, Diaemus youngi and Molossus molossus, tested
311 negative. The former has not been reported for Histoplasma but the latter has in numer-
312  ous occasions (9, 34). This may reflect sample size limitations, as only one M. molossus
313 individual was analyzed, or potential resistance in D. youngi. The phylogenetic branch of
314  fungal infections, and specifically of Histoplasma, in bats remains an open area of re-

315 search.

316 Our study is also the first to detect Histoplasma DNA in the brain of bats, raising
317  questions about potential central nervous system (CNYS) involvement (Table 2). Despite the
318 association between bats and Histoplasma, the clinical manifestations (if any) of
319  histoplasmosis in bats remains largely unknown. While the presence of fungal DNA does
320 not confirm active infection, it suggests that Histoplasma may occasionally reach the CNS.

321 This finding warrants further investigation into fungal dissemination pathways in bats. In
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322  humans, CNS histoplasmosis is rare but can occur in immunocompromised individuals,
323 leading to severe complications such as meningitis or encephalitis (35). Our results high-
324  light the need for future research to determine whether Histoplasma can cause neurological

325 diseasein bats and assessitsimplications for transmission dynamics.

326
327 5. CONCLUSIONS
328 Our study confirmed the presence of Histoplasma in caves from Goiés, Minas

329  Gerais, and the Federal District, as well as in bats from both urban and rural areas of the
330 Brazilian capital. Notably, some of these caves are open to researchers and the public with-
331 out any safety warnings or protective measures to prevent fungal exposure. Our findings
332  contribute to ongoing efforts to monitor microbial activity in caves. Multiple studies have
333  frequently detected Histoplasma in caves across endemic regions, highlighting their role as
334  hotspotsfor fungal transmission. Additionally, the long-distance migration of batsincreases
335 the risk of Histoplasma spreading to new areas, expanding the geographic range of
336  histoplasmosis out-breaks (9, 36). To mitigate public health risks, we recommend envi-
337 ronmental education initiatives targeting local communities, ecotourism operators, and first
338 responders. Training pro-grams should emphasize histoplasmosis prevention and exposure
339 reduction, particularly in regions with confirmed fungal presence. Regular soil testing dur-
340  ing both wet and dry seasons is essential to assess fluctuations in Histoplasma distribution.
341  Seasonal monitoring will enhance risk assessment by identifying environmental conditions
342  that promote fungal proliferation. These efforts can guide evidence-based policies for cave
343  management and visitor safety.

344
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477  FIGURE 1. Photographs of chosen sites of collection. (A) Samples were collected on the
478  periphery of the guano puddles while avoiding unnecessary guano overload from the
479  darkest portion. (B) A clearer visualization of mycelia growing from bat guano (white
480 cottonous spots).

481

482  FIGURE 2. Molecular identification of Histoplasma sp. in caves of the Federal District
483  and surrounding areas. The map shows the locations of caves and the results of the qPCR
484  assay for Histoplasma sp. in eight different locations. Each circle represents a cave, with
485  the total number of samples (N) indicated below it. Gruta do Sal/Fenda Il and Gruta Dois
486 Irmaos, located adjacent to each other, are represented by cave symbols, with arrows
487 indicating their respective results.

488

489  FIGURE 3. Molecular identification of Histoplasma sp. in bats captured in the Federal
490 District. The map illustrates the geographical distribution of bats captured in the Federal
491  District, as well as the results of the qPCR assays. Each bat represents the coordinates of
492  the , Sucapture location, as follows: (1) Gruta do Sal; (2) Gruta Dois Irmaos; (3) Gruta
493  Kipreste; (4) Agua Rasa Farm and the grotto in it; (5) Granja do Torto; (6) Asa Norte,
494  SHCGN 716; (7) Asa Norte, SQN 210; (8) University Restaurant and the Darcy Ribeiro Me-
495  morial at the University of Brasilia; (9) Asa Sul, SQS 404/405; (10) Jatai Farm. The respec-
496  tive qPCR assay results for each location are depicted in pie charts containing the number
497  of positive and negative samples. The total sample number (N) is displayed under the pie
498  chart for each location.

499

500 Figure 4. Distribution of Positive Results Across Different Organs in Bats. Venn diagram
501 representing the distribution of positive results across different organs in bats. It also

502 shows the overlap of positive results in the lungs, brain and spleen.
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