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INTRODUCTION

Soil biotic communities consist of a wide variety of 
microbial organisms (bacteria and fungi) and soil 
meso- and microfauna. Although soil microorgan-
isms are beneficial for mediating biochemical trans-
formations, many species exhibit pathogenic poten-
tials to plants, animals, and humans (Baumgardner, 
2012). Soil-borne pathogenic fungi successfully adapt 
themselves to survive in response to adverse or unfa-
vorable conditions (Frąc et al., 2018). In fact, oppor-
tunistic pathogenic fungal infections especially in 

Scedosporium species causing scedosporiosis have 
been found to be associated with soils surrounding 
high-impact human areas (Harun et al., 2010). 
European Confederation of Medical Mycology 
(ECMM)/International Society for Human and Ani-
mal Mycology (ISHAM) working group proposed a 
novel nomenclature for genera and species in Pseud-
allescheria and Scedosporium, suggesting that Scedo-
sporium and allied taxa within the genus Pseud-
allescheria should no longer be used (Giraud and 
Bouchara, 2014). Scedosporium is being applied as 
the genus name, which currently consists of 10 spe-
cies, namely S. angustum, S. apiospermum, S. auran-
tiacum, S. boydii, S. cereisporum, S. dehoogii, S. deser-
torum, S. ellipsoideum, S. fusoideum, S. minutispo-
rum, S. rarisporum, and S. sanyaense (Luplertlop, 
2018). Notably, the S. apiospermum species complex 
in which there are five species, including S. apiosper-
mum sensu stricto, S. boydii, S. aurantiacum, S. de-
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SUMMARY

Soil fungal communities play an important role in regulating biogeochemical transformations, 
yet soil-related fungal pathogens are emerging threats to humans. Our previous studies have 
revealed the pathogenic Scedosporium species in soils samples from public parks with high 
human activities in Thailand. However, measurement and survey of soil fungal communities in 
other areas with high human/animal activities, such as the pigsty, are poorly determined. 
In this study, soil fungal pathogens from a pigsty were isolated and identified. Soil samples were 
collected from the surrounding drainage areas. Fungal species were identified using morpho-
logical and molecular analyses. 
Isolation of soil samples from the pigsty revealed at least 11 species that have been identified. 
The most abundant fungal species belonged to genera Aspergillus and Penicillium. Moreover, 
Scedo-Select III culturing and phylogenetic analysis with β-tubulin gene sequencing revealed 
the three environmental isolates of Scedosporium species, which were consistent with the S. 
apiospermum. These three Scedosporium isolates were susceptible to voriconazole and caused 
pathological characteristics of scedosporiosis similar to S. apiospermum in vivo.
In conclusion, our findings contribute towards a better understanding of soil-borne pathogenic 
fungi in the pigsty. The isolation of Scedosporium species with pathogenic potentials in the pres-
ent study can be beneficial for the management of public health surveillance, epidemiologists, 
as well as physicians to reduce the risk of soil fungal contamination among pigsty workers.
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hoogii, and S. minutispora cause scedosporiosis (Gi-
raud and Bouchara, 2014). 
Members of the genus Scedosporium are often isolat-
ed from human-dominated environments (i.e., indus-
trial areas, parks, and playgrounds), and their pres-
ence in the environment has been correlated to their 
prevalence in the clinical settings (Harun et al., 2010). 
In fact, S. apiospermum complex proliferate in nitro-
gen enriched soils, manure-enriched or hydrocar-
bon-contaminated sites with a pH range from 6 to 8 
but not in natural areas like forests (Luplertlop et al., 
2016). These filamentous fungi can cause a wide spec-
trum of clinical conditions ranging from mycetoma to 
disseminated infections (Cortez et al., 2008). Scedo-
sporium species can act as primary or opportunistic 
pathogens with reported infections in both immuno-
competent and immunocompromised patients, re-
spectively (McCarthy et al., 2018). Moreover, a high 
degree of anti-fungal resistance in systemic scedospo-
riosis has increasingly been reported over the past de-
cade (Perlin et al., 2017; Ramirez-Garcia et al., 2018). 
Species identification within the genus of Scedospori-
um is often limited and poorly investigated. Misiden-
tification of Scedosporium infection as aspergillosis or 
other filamentous fungal pathogens has been repeat-
edly reported (Luplertlop, 2018; Ramirez-Garcia et al., 
2018; Jiang et al., 2020). Thus, there is an urgent need 
for fungal identification at the species level as well as 
a better understanding of their species-specific epide-
miology, clinical presentation, and antifungal suscep-
tibility for optimizing future prevention and appropri-
ate treatments.
Farmers who work with livestock have a high risk of 
being exposed to several human-pathogenic microor-
ganisms (White et al., 2019). The quantity and identi-
ty of such pathogens, especially human-pathogenic 
fungi, play a great role to help protect workers from 
potential infectious diseases. We have previously re-
ported our study on the distribution of Scedosporium 
species in public parks in Bangkok (Luplertlop et al., 
2016; Wongsuk et al., 2017) and other six geographi-
cal regions in Thailand (Luplertlop et al., 2019). Our 
studies revealed that S. apiospermum species com-
plex is mostly found in soils that are strongly influ-
enced by human activity. However, the measurement 
and survey of S. apiospermum species complex in oth-
er human and animal impacted areas, such as the 
pigsty or other fields, have not yet been investigated. 
To determine the fungal communities in the pigsty, 
we performed an environmental screening from the 
surrounding drainage areas, in which soil samples 
were randomly collected from a standard pigsty farm 
at Phra Nakhon Si Ayutthaya province, Thailand. In 
this study, fungal isolation and identification were an-
alyzed by their morphological and genetic data. 
Moreover, the pathogenic potential of the Scedospori-
um isolates were determined in both G. mellonella 
and mouse model of scedosporiosis. Knowing the 

species of soil pathogenic fungal communities in the 
pigsty is an essential step towards being able to eval-
uate and manage several risk factors and to further 
minimize the risks of microbial contamination 
among pigsty workers.

MATERIALS AND METHODS

Ethics Statement
Sampling area: formal authorization was received 
and permission was granted for collecting samples 
from the owner of a standard pigsty farm at Phra Na-
khon Si Ayutthaya province, Thailand. All animal ex-
periments in this study were carried out in accor-
dance with the Animals for Scientific Purposes Act, 
B.E. 2558 (A.D. 2015), in Thailand. The use and care 
of Galleria mellonella and mice followed all relevant 
international, national, and institutional guidelines. 
G. mellonella experiments were approved by the re-
search ethics committee of Mahidol University, Thai-
land (approval certificate number: MU-IACUC 
2018/015). Mouse experiments were performed with 
assistance from Dr. Nichapa Sansurin at Northeast 
Laboratory Animal Center (NELAC), Khon Kaen Uni-
versity, Thailand and were approved by the Institu-
tional Animal Care and Use Committee (IACUC) of 
Khon Kaen University, Thailand (approval number: 
0514.1.75/34).

Soil samples
Eighteen fresh soil samples from the surrounding 
drainage areas were randomly collected from a stan-
dard pigsty farm at Phra Nakhon Si Ayutthaya prov-
ince, Thailand. The sites (3-10 m2) were randomly 
sampled in each drainage area where soil samples 
were collected from four positions per site. To avoid 
plant debris, weeds or branches, soil samples were ob-
tained from a depth of approximately 15 cm using a 
sterile metal spoon. Samples were placed in sterile 
plastic bags and stored at 4°C for subsequent analyses.

Fungal isolation
Isolation of the fungal species was performed accord-
ing to Rougeron et al. (2015) with some modifica-
tions. Briefly, 5 g of a fresh soil sample was suspended 
and vigorously mixed with 15 ml of distilled water, 
then filtered through 100 μm nylon cell strainers (Fal-
con, Durham, NC, USA). The filtrate was further cen-
trifuged at 7,000 x g for 5 min. The pellets after re-
moving supernatants were resuspended with 5 ml of 
distilled water. Then, 100 μl of resuspended solution 
from each soil sample was cultured on standard cul-
ture agar plates including Blood-Brain-Heart Infu-
sion (BHI, Difco) Agar, Sabouraud Dextrose Agar 
(SDA, Difco) Potato Dextrose Agar (PDA, Difco), and 
Dichloran Rose Bengal Chloramphenicol (DRBC, Ox-
oid) Agar supplemented with 10 μg/ml of benomyl 
and incubated at 35°C for 5 days for macroscopic ob-
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servation. The fungal colony was stained with lacto-
phenol cotton blue wet mount for microscopic obser-
vation. 100 μl of resuspended solution from each soil 
sample was also cultured on a spread Scedo-Select III 
agar plate as a selective medium for Scedosporium 
species (Pham et al., 2015).

Morphological identification
Fungal colony morphologies were visually and micro-
scopically examined according to Gilgado et al. (2005 
and 2008). Moreover, the colonies identified as the S. 
apiospermum species complex were further morpho-
logically compared with the following standard Sce-
dosporium strains (S. dehoogii CM 4798, S. angusta 
CBS 254.72 (=Pseudallescheria angusta), S. apiosper-
mum CBS 117410, S. boydii CBS 120157, and S. au-
rantiacum CBS 116910), which were kindly provided 
by Dr. Ana Alastruey-Izquierdo from Servicio de Mi-
cología, Instituto de Salud Carlos III, Madrid, Spain.

Molecular identification
Positive Scedosporium strains isolated from soil sam-
ples and standard strains were inoculated into pep-
tone dextrose broth and incubated at 35°C for 7 days. 
Total DNA was extracted using an EZNA Fungal DNA 
mini kit (Omega Biotek). A PCR-amplified β-tubulin 
gene was amplified with TUB-F (5ʹ-CTGTCCAAC-
CCCTCTTACGGCGACCTGAAC-3ʹ) and TUB-R 
(5ʹ-ACCCTCACCAGTATACCAATGCAAGAAAGC-3ʹ) 
(Alastruey-Izquierdo et al., 2013; Rougeron et al., 
2015). The amplification was performed in 50 μl reac-
tion mixture containing 2 x GoTaq Colorless Master 
Mix (Promega, USA), 0.5 μM of each primer, nucle-
ase-free water, and 250 ng of DNA template. The PCR 
amplification was done in a T100 Thermal Cycler 
(Bio-Rad) with the following cycling parameters: 1 
initial cycle of 6 min at 96°C, followed by 35 cycles of 
1 min at 94°C, 1 min at 56°C, and 45 s at 72°C, and a 
final extension step of 10 min at 72°C. The reaction 
products (5 μl) were electrophoretically separated in 
1.5% agarose gel with 1× TBE buffer, stained with 1 
μg/ml ethidium bromide (EtBr), and photographed 
using a Gel Doc XR+ system (Bio-Rad).
PCR products were further purified and bidirectionally 
sequenced by Macrogen (Seoul, South Korea). 
High-quality sequences were obtained from 3 environ-
mental isolates and 5 isolates of control strains. All of 
the retrieved sequences were assembled, edited, and 
subjected to pairwise sequence alignment using 
BioEdit software (http://www.mbio.ncsu.edu/bioedit/
bioedit.html). All of the edited sequences were com-
pared with reference sequences from the GenBank us-
ing BLASTn (http://blast.ncbi.nlm.nih. gov/Blast.cgi).

Phylogenetic analysis
The bioinformatics data were analyzed and used to 
elucidate the evolutionary relationships among posi-
tive Scedosporium strains isolated from soil samples 

and standard strains. The generated β-tubulin gene 
sequences, 13 sequences of S. apiospermum, and re-
lated species downloaded from GenBank were multi-
ply aligned using BioEdit. The downloaded sequenc-
es from GenBank were as follows: KC812577.1, 
KC812581.1, KC779459.1, JQ691052.1, KC779501.1, 
JQ691042.1 and KT186641.1 (S. apiospermum), 
KC812551.1 (S. boydii), AJ890124.1 (S. ellipsoideum 
[=Pseudallescheria ellipsoidea]), AJ890131.1 (S. fusoi-
deum [=Pseudallescheria fusoidea]), JQ691062.1 (S. 
minutispora), AJ890127.1 (Lomentospora prolificans 
[=S. prolificans]) and AJ890132.1 (Petriellopsis afri-
cana [=Pseudallescheria africana]). A phylogenetic 
tree of aligned sequences was constructed excluding 
gaps and missing data using maximum likelihood 
based on the Tamura-Nei model in MEGA6 (Tamura 
et al. 2013). Initial tree(s) for the heuristic search 
were obtained by applying the neighbor-joining meth-
od to a matrix of pairwise distances estimated using 
the Maximum Composite Likelihood (MCL) ap-
proach. Evolutionary analyses were conducted in 
bootstrap values (Felsenstein, 1985), the percentage 
out of 1,000 replicates, were indicated next to the 
branches.

Anti-fungal susceptibility
Anti-fungal susceptibilities including disk diffusion 
method, minimum inhibitory concentrations (MICs), 
and minimum fungicidal concentration (MFCs) of the 
positive Scedosporium strains isolated from soil sam-
ples were performed in accordance with the recom-
mendations stated in the Clinical and Laboratory 
Standards Institute (CLSI) M38-A2 document (CLSI, 
2008). S. apiospermum CBS 117410 was used as a 
control strain. The anti-fungal agent used in this study 
was voriconazole (Sigma, St. Louis, MO, USA). Brief-
ly, positive Scedosporium and control inoculums were 
diluted with RPMI 1640 medium to obtain 0.5x103 
–5.0x103 CFU/ml in each assay well. The fungal inoc-
ulums were incubated at 35°C for 24-48 h. Results 
were determined visually after 24 h of incubation.

Galleria mellonella model 
G. mellonella larvae were obtained from Jerry® Wax 
Worms (Thailand). Larvae were raised on a worm 
bedding consisting of bran, all-purpose flour, dried 
bakery yeast, liquid honey, and glycerol located in 
plastic boxes with grids at room temperature prior to 
experiments. During the last-stage larvae, the worms 
that stopped feeding and started to produce a thin 
silk body cover were chosen and monitored for ap-
proximately 2 months after hatching from their eggs. 
In this stage, G. mellonella larvae (200-400 mg body 
weight) presenting lightly colored cuticles with no 
gray areas were chosen and transferred to sterile Petri 
dishes for 24 h without food supply. Moreover, their 
nascent protective cocoons were removed (Singkum 
et al., 2019).
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Survival analysis of G. mellonella and mice 
after Scedosporium infections
Scedosporium strains isolated from soil samples and 
the control strain were grown on Scedo-Select III me-
dium at 32°C. After 7 days of incubation, the fungal 
conidia were collected by washing with sterile phos-
phate-buffered saline (PBS, pH 7.2) and adjusted to a 
concentration of 106 conidia/ml.
To infect the G. mellonella larvae, the larvae (9 larvae 
per group) were anesthetized by placing at 5-8°C in 
Petri dishes for 1 day and then injected with the co-
nidia at the second proleg area. The larvae were incu-
bated in Petri dishes without food at 37°C in the dark 
for survival analysis. Normal saline solution (0.9% 
NSS) was used as a control vehicle. The survival mea-
surements of treated larvae were monitored every day 
following post-injection until all the worms died. Lar-
vae were counted as dead when there was no response 
to gentle stimulation with forceps and the cuticle col-
or became totally black.
Scedosporiosis mouse model was established in 8-week 
old, female BALB/cMlac mice, purchased from Na-
tional Laboratory Animal Center, Mahidol University. 
After a quarantine period, neutropenia was induced in 
all mice by intraperitoneally injecting 200 mg/kg cyclo-
phosphamide (Ampawong and Luplertlop, 2019). One 
day after induction, neutropenic stage was confirmed 
by leukocyte count. Neutropenic mice were intrave-
nously injected with the fungal conidia. Normal saline 
solution (0.9% NSS) was used as a control vehicle. The 
number of surviving and dead mice was determined. 
Moribund mice were humanely euthanized using an 
overdose of isoflurane inhalation.

Statistical analysis
Each experiment was performed in triplicate. The 
survivals of G. mellonella and mice in all treatments 
were assessed using GraphPad Prism (GraphPad 
Software, Inc., La Jolla, CA, USA). Kaplan-Meier 
lifespan analysis was determined. Significantly differ-
ences were calculated at p-values <0.05 with the use 
of Log-rank test. Data were presented as the mean ± 
standard deviation (SD). In other assays, significant 
differences at the p-values <0.05 were calculated by 
two-way ANOVA or independent Student’s t-tests.

RESULTS

Fungal morphology and identification in soil
Fungal identification in 18 soil samples from the sur-
rounding drainage areas in a pigsty farm in Phra Na-
khon Si Ayutthaya province, Thailand revealed 11 
identified species with concentrations ranging from 1 
to 7x104 CFU/ml (Table 1). Most were identified to 
species level, of which Aspergillus sp. and Penicillium 
sp. were the most dominant fungi in the soil (Figure 1 
and Table 1). Moreover, some fungal colonies could 

not be morphologically identified (Supplementary Fig-
ure 1 and Table 1).

Characterization of S. apiospermum species 
complex in soil
In all of the soil samples collected from the surround-
ing drainage areas of a pigsty farm, Scedosporium 
fungal species was identified using Scedo-Select III 
agar. Positive colonies and their microscopic mor-
phologies were compared with the standard S. apio-
spermum species complex including (S. dehoogii CM 
4798, S. angusta CBS 254.72, S. apiospermum CBS 
117410, S. boydii CBS 120157, and S. aurantiacum 
CBS 116910). Our results revealed that S. apiosper-
mum species complex could be isolated from soils 
collected from a pigsty field (Figure 2). These 3 envi-
ronmental Scedosporium isolates were subsequently 
evaluated for species identification using PCR ampli-
fication and sequencing of the β-tubulin gene. 

Molecular identification of Scedosporium 
isolates based on the β-tubulin gene
β-tubulin gene was amplified from all 3 Scedosporium 
isolates and identified as PT1, PT2, and PT3 for fur-
ther analysis. The 650bp amplicons were similar to 
standard strains of S. apiospermum and S. boydii (Fig-
ure 3A) on gel electrophoresis. To perform species 
identification, β-tubulin amplicons were sequenced 
and compared to the sequences in the NCBI database 
using the BLASTn algorithm. The output results from 
the BLAST searches were arranged on the basis of 
maximum identity, whit 97% cutoff or greater consid-
ered significant in sequence-based identities. The best 
hit in each search was defined as the sequence with 
the highest maximum identity to the query sequence. 
Multiple alignments of all β-tubulin sequences from 
(PT1-3) and the standard S. apiospermum species 
complex revealed that all of the 3 environmental Sce-
dosporium isolates (PT1-3) were identified as S. apio-
spermum with 100% identities (Figure 3B).

Susceptibilities of Scedosporium isolates  
against voriconazole
Anti-fungal susceptibility against voriconazole ac-
cording to M38-A2 (CLSI, 2008) of all three environ-
mental Scedosporium isolates (PT1, PT2, and PT3) 
was determined as shown in Table 2. According to 
their phylogenetic results, S. apiospermum CBS 
117410 was used as a control strain. The present study 
revealed that all of the environmental Scedosporium 
isolates (PT1, PT2, and PT3) exhibited an inhibition 
zone similar to the S. apiospermum control (at 15-16 
mm). In addition, MIC and MFC values of all isolates 
were similar to the S. apiospermum control at 2 and 32 
mg/ml, respectively. The present study also demon-
strated that Scedosporium isolates from soil samples 
and S. apiospermum were susceptible to voriconazole.
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Figure 1 - Colonies of filamentous fungi and yeasts on Sabouraud Dextrose Agar (SDA) after inoculation of 100 
μl of each soil suspension and incubation at 35°C for 5 days. A) Absidia sp., B) Aspergillus sp., C) Clasdosporium 
sp., D) Curvularia sp., E) Fusarium sp., F) Geotrichum candidum, G) Mucor sp., H) Penicillium sp., I) Rhodotolu-
ra sp., J) Talaromyces marneffei (top and reverse views), and K) Trichoderma sp. (bar=2 mm). Each colony was 
microscopically examined after staining with lactophenol cotton blue (bar=20 µm).

Table 1 - Fungal isolation and identification from a pigsty in Phra Nakhon Si Ayutthaya province, Thailand.

Fungal Identification
Amount of colony per plate Soil

sample (s) CFU/ml
Maximum Median

Absidia sp. TNTC TNTC 1 TNTC

Aspergillus flavus 1 1 1 1 x 104

Aspergillus niger TNTC 5 7 5 x 104

Aspergillus sp. TNTC 7 11 7 x 104

Clasdosporium sp. 6 5 3 5 x 104

Curvularia sp. 4 2 2 2 x 104

Fusarium sp. 1 1 2 1 x 104

Geotrichum candidum TNTC 2 2 2 x 104

Mucor sp. TNTC TNTC 3 TNTC

Penicillium sp. TNTC 7 17 7 x 104

Rhodotolura sp. TNTC 4 4 4 x 104

Talaromyces marneffei 1 1 2 1 x 104

Trichoderma sp. TNTC TNTC 5 TNTC

Unidentified 48 4 5 4 x 104

Unidentified (Hyaline with macroconidia) 14 14 1 1.4 x 105

Unidentified (Hyaline with microconidia) 3 3 1 3 x 104

Unidentified (Hyaline) 58 6 15 6 x 104

Yeast 4 4 1 4 x 104

CFU, colony forming units; TNTC, too numerous to count. Data are represented as maximum and median amount of colony per plate. Amount of soil 
sample(s) that positively identified in each fungal strain are summarized.
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Figure 2 - Colonies of Scedosporium 
isolates on Scedo-Select III agar after 
inoculation of 100 μl of each soil sus-
pension and incubation at 35°C for 5 
days (A-C) (bar=2 mm). Each colony 
was microscopically examined after 
staining with lactophenol cotton blue 
(bar=20 µm).

Figure 3 - β-tubulin gene sequences of Scedosporium isolates and reference strains. A) PCR amplifications of the 
β-tubulin gene from PT1-3 isolates were gel electrophorized with a single band of 650 bp similar to S. apiospermum 
CBS 117410 and S. boydii CBS 120157. Marker was 100bp DNA marker. B) Phylogenetic tree recovered under the 
Tamura-Nei model with the highest log likelihood was constructed. Bootstrap values (1,000 replicates) were shown 
above branches. Accession numbers of standard strains were S. aurantiacum, S. minutisporum, S. dehoogii, S. 
apiospermum, S. fusoideum, S. angusta, S. ellipsoideum, and S. boydii. Petriellopsis africana and Lomentospora 
prolificans were used as outgroups.

Table 2 - Antifungal susceptibility of Scedosporium isolates and S. apiospermum.

Fungal strain
Voriconazole

Disk diffusion (mm) MIC (mg/ml) MFC (mg/ml)
PT1 15 2 32
PT2 16 2 32
PT3 15 2 32
S. apiospermum 15 2 32

S. apiospermum CBS 117410 was used as a control strain. Voriconazole in a concentration of 1 mg/disk was used in disk diffusion assay. MIC - minimum 
inhibitory concentration; MFC - minimum fungicidal concentration. 
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Effect of Scedosporium infection on the lifespan 
of in-vivo models
The pathogenicity and fungal virulence of environ-
mental Scedosporium isolates (PT1, PT2, and PT3) 
were evaluated in both G. mellonella and mouse mod-
el of scedosporiosis. Lifespan measurement after fun-
gal conidia inoculation was determined and evaluat-
ed in each animal. S. apiospermum CBS 117410 was 
used as a positive infection condition, whereas nor-
mal saline (0.9%) was injected into the animals as a 
control. After infection, the mean lifespan of normal 
saline treatment was remarkably highest among oth-
er treated groups in both G. mellonella and mouse 
models of scedosporiosis (8.92±0.29 days and 15.00 
days, respectively) (Figure 4 and Table 3). However, in 
G. mellonella, infections of environmental Scedospo-
rium isolates (PT1, PT2, and PT3) as well as control 
S. apiospermum remarkably reduced the lifespan of 
worms to 6.08±2.50 days (-31.84%), 6.25±2.49 days 
(-29.93%), 6.17±2.37 days (-30.83%), and 6.08±2.23 
(-31.84%) days, respectively (Figure 4A). In mouse 
model of scedosporiosis, infections of environmental 
Scedosporium isolates (PT1, PT2, and PT3) as well as 
control S. apiospermum remarkably reduced the lifes-
pan of mice to 10.44±2.79 days (-30.40%), 10.22±2.54 
days (-31.87%), 10.22±2.73 days (-31.87%), and 
10.11±2.71 (-32.60%) days, respectively (Figure 4B). 
These findings indicated that environmental Scedo-
sporium isolates (PT1, PT2, and PT3) exhibited simi-
lar pathogenicity to S. apiospermum infection in vivo.

DISCUSSION

The structure of fungal community in environments 
has been extensively studied to determine fungal 
strains that could potentially cause diseases in hu-
mans. Recent study has estimated global fungal di-
versity at about 12 million species (Wu et al., 2019). 

Figure 4 - Infection of Scedosporium isolates and S. 
apiospermum CBS 117410 reduced the lifespan of Ex-
perimental scedosporiosis of G. mellonella and mice. 
Data represented percentages of survival of G. mellonel-
la larvae (A) and mice (B) after being infected with Sce-
dosporium isolates. A percentage of survival was com-
pared to normal saline (0.9%). Lifespan was analyzed 
using Kaplan-Meier analysis and p-values were calcu-
lated using Log-rank test. Statistical details of lifespan 
are summarized in Table 3.

Table 3 - Survival of G. mellonellaa and Miceb.
Experimental group Mean SD SE Median Max No. p-Value %

0.9% NSSa 8.92 0.29 0.08 9.00 9.00 30
PT1a 6.08 2.50 0.72 6.50 9.00 30 <0.01 ** -31.84%
PT2a 6.25 2.49 0.72 7.00 9.00 30 <0.05 * -29.93%
PT3a 6.17 2.37 0.68 7.00 9.00 30 <0.05 * -30.83%
S. apiospermuma 6.08 2.23 0.65 6.50 9.00 30 <0.01 ** -31.84%
0.9% NSSb 15.00 0.00 0.00 15.00 15.00 9
PT1b 10.44 2.79 0.93 10.00 14.00 9 <0.0001 **** -30.40%
PT2b 10.22 2.54 0.85 11.00 14.00 9 <0.0001 **** -31.87%
PT3b 10.22 2.73 0.91 11.00 14.00 9 <0.0001 **** -31.87%
S. apiospermumb 10.11 2.71 0.90 10.00 14.00 9 <0.0001 **** -32.60%

Means (days), standard deviation (SD), standard error (SE), median, and maximum of lifespan were shown in hours. S. apiospermum CBS 117410 was 
used as a control strain. Total worms were represented as summation of worms in triplicates (with censored worms excluded). The lifespan data were 
analyzed using the Log-rank test and p-values for each individual experiment were shown when compared to corresponding control as *p<0.05, **p<0.01, 
***p<0.001, ****p<0.0001, and not significant (ns).
aResults presented in G. mellonella (n=10).
bResults presented in Mice (n=3).
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Notably, scientists have performed fungal surveys us-
ing culture-dependent and -independent methods 
and unveiled numerous novel human-pathogenic 
fungal species, which may have been previously ne-
glected by mycological taxonomists (Blehert et al., 
2009; Farrer et al., 2011). Several species of fungi that 
have been found in clinical samples were rediscov-
ered as environmental isolates, including Aspergillus 
spp. and Scedosporium spp. (Alastruey-Izquierdo et 
al., 2013). In addition, we had previously identified 
Scedosporium species in urban public parks around 
Bangkok (Luplertlop et al., 2016; Wongsuk et al., 
2017) and other six geographical regions in Thailand 
(Luplertlop et al., 2019). However, fungal diversity 
and Scedosporium species identification have never 
been conducted in other areas with high human and 
animal activities, such as in a pigsty. Therefore, in the 
present study, we investigated the fungal communi-
ties and identified Scedosporium species from soils 
surrounding drainage areas in a pigsty farm in Phra 
Nakhon Si Ayutthaya province, Thailand.
In general, pigs often live in the same stable area 
where they usually have similar age and weight with 
the exception of farrowing and nursing stables in the 
pigsty (White et al., 2019). Although they are likely 
exposed to similar microbial patterns, a previous 
study has shown that microbial profiles can var ac-
cording to the locations and geographical regions of 
the pigsties (White et al., 2019). Nevertheless, fungal 
diversity is far less studied than bacterial data due to 
the lack of independent-culture analyses or molecular 
tools to clearly distinguish among samples from the 
same location. In the present study, fungal cultures in 
soil samples from the surrounding drainage areas of 
a pigsty farm in Phra Nakhon Si Ayutthaya province, 
Thailand were identified. We were able to identify 11 
fungal species by their colony morphologies that 
grew in different culture agars. Our results indicated 
that Aspergillus sp. and Penicillium sp. were the fun-
gal species most abundant in the soils. Similar fungal 
identification of soil abundance of Aspergillus spp. 
and Penicillium spp. has been reported in other pigsty 
areas, including Argentina (Pereyra et al., 2010) and 
Serbia (Milićević et al., 2010). Moreover, several un-
identified species have been found in soil samples 
from pigsties, suggesting the possibility of other fun-
gal microbiomes present on the farm. Further fungal 
identification of these unidentified species is required 
to elucidate species-specific and pathogenic potential.
Our previous reports have indicated the environmen-
tal isolates of S. apiospermum complex species 
around high-human activities (public parks) in Thai-
land (Luplertlop et al., 2016; Wongsuk et al., 2017; 
Luplertlop et al., 2019). Our findings suggested that S. 
apiospermum complex proliferate in nitrogen en-
riched soils. Foods, wastes, and fertilizers are major 
factors affecting the organic-nitrogen content in the 
soils at a pigsty (Won et al., 2018), suggesting that 

Scedosporium species are ubiquitous in soils not only 
at public parks but at pigsties as well. Nevertheless, 
pigsties and other livestock farms may serve as other 
environmental reservoirs of the Scedosporium species 
and other pathogenic fungi. Interestingly, in the pres-
ent study, we were able to isolate three environmental 
Scedosporium strains (PT1-3) from soils in a pigsty 
using Scedo-Select III agar developed by Pham et al. 
(2015). These environmentally Scedosporium isolates 
were further confirmed by β-tubulin gene sequencing. 
All three isolates were identified as S. apiospermum 
(100% similarity). This finding is in agreement with 
our previous report, and suggested that environmen-
tal S. apiospermum isolates from soils in Thailand are 
genetically very close to clinical strains from France, 
China, and Japan using Multi-Locus Sequences Typ-
ing (MLST) (Wongsuk et al., 2017).
The profiles of Scedosporium spp. on antifungal sus-
ceptibility are still under investigation due to their 
highly resistance against the available antifungal 
drugs. However, voriconazole has been reported to be 
the most active agent against Scedosporium species 
(Wang et al., 2015). Therefore, the antifungal suscep-
tibility testing of three environmental Scedosporium 
strains (PT1-3) from soils in a pigsty was conducted 
with voriconazole and S. apiospermum CBS 117410 
(a soil isolate from Spain) was used as a control strain 
(Gilgado et al., 2005). Overall, judged by disk diffu-
sion, MIC, and MFC data, three environmental Scedo-
sporium strains (PT1-3) are susceptible to voriconazole 
similar to S. apiospermum CBS 117410. Moreover, 
infections caused by three environmental Scedospori-
um strains (PT1-3) reduced the lifespan of G. mel-
lonella and mouse models of scedosporiosis similar to 
S. apiospermum CBS 117410. These results suggested 
that environmental isolates of Scedosporium species 
from soils in a pigsty exhibited antifungal drug sus-
ceptibility and pathogenic potential similar to S. ap-
iospermum isolated from other contaminated area. 
Pigsty may serve as other reservoirs of the Scedospo-
rium species with increased risks for human exposure 
against pathogenic fungi. Future study is needed to 
elucidate the disease pathogenesis of scedosporiosis 
caused by environmental isolates of Scedosporium 
species.
The pigsty farm in Phra Nakhon Si Ayutthaya prov-
ince, Thailand shows a unique fungal profile with 
abundant pathogenic fungal species. Moreover, cul-
turing fungal samples with selective media and mo-
lecular analyses further extend the fungal identifica-
tion indicating that the fungal microbiome is highly 
distributed across the pigsty. Morphological identifi-
cation revealed 11 identified species in which Asper-
gillus sp. and Penicillium sp. were the most abundant 
identified species. Scedo-Select III culturing and phy-
logenetic analysis with β-tubulin gene sequencing re-
vealed the three environmental isolates of Scedospo-
rium species. Moreover, these Scedosporium isolates 
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were susceptible to voriconazole and increased the 
mortality rate in G. mellonella and mouse models of 
scedosporiosis. Thus, pathogenic fungi, especially the 
environmental Scedosporium species in the pigsty, 
may potentially pose an infectious risk to pigsty 
workers.
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