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Abstract. Trichosporon asahii, a fungus found in nature and human microbiota, has recently emerged as the most common 

cause of disseminated and deep-seated trichosporonosis, particularly in immunocompromised patients. Biofilm formation, 

one of the important virulence factors of T. asahii, facilitates its colonisation and proliferation, providing the fungus with 

antifungal and environmental stress’s resistance. In this study, we aimed to develop a reproducible T. asahii biofilm model 

for our future research by optimising the inoculum concentration, adhesion-time, biofilm maturation-time, static and 

shaking parameters. Materials and methods. We included two clinical isolates obtained from urine samples and a reference 

strain in the study. For each strain, we applied 36 different experimental parameters, including, 105, 106 and 107 CFU/

mL inoculum consentrations, 60-, 90-, and 120-minutes adhesion-times, 48- and 72-hours maturation-times, and static 

versus shaking. We determined the biofilm formation of fungus using the most commonly used crystal violet method. 

We determined standard deviation values with three replicates within each experiment, and we compared all the graphs 

obtained by repeating these experiments twice. Results. After applying 36 different experimental parameter combinations, 

we determined the most optimised and reproducible parameters as 107 CFU/mL inoculum concentration, 120-minute 

adhesion-time, 72-hour maturation-time and static. Conclusion. In optimisation studies conducted worldwide on this 

subject, it has been reported that biofilms formation varies in terms of quantity and duration across different countries, but 

there isn’t any optimisation study in Turkey. We believe that the optimisation conditions we have firstly identified in our 

country will shed light on our future research and other studies to be conducted in the future.
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ПРЕДВАРИТЕЛЬНОЕ ИССЛЕДОВАНИЕ: ПЕРВИЧНАЯ ОПТИМИЗАЦИЯ МЕТОДА 

ФОРМИРОВАНИЯ БИОПЛЕНКИ IN VITRO У ШТАММА TRICHOSPORON ASAHII, 

ВЫДЕЛЕННОГО ОТ ПАЦИЕНТОВ В ТУРЦИИ
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Резюме. Trichosporon asahii — грибок, встречающийся в природе и микробиоте человека, недавно стал наи-

более распространенной причиной диссеминированного глубокого трихоспороноза, особенно у пациентов 
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с ослабленным иммунитетом. Образование биопленки, один из важных факторов вирулентности T. asahii, 

облегчает его колонизацию и распространение, обеспечивая грибку устойчивость к противогрибковым 

препаратам и внешнему стрессу. В настоящем исследовании мы попытались разработать воспроизводимую 

модель биопленки T. asahii для последующих исследований путем оптимизации концентрации инокуля-

та, времени адгезии, времени созревания биопленки, статических параметров и параметров встряхивания. 

Материалы и методы. В исследование были включены два клинических изолята, полученных из образцов 

мочи, и эталонный штамм. Для каждого штамма применялись 36 различных экспериментальных пара-

метра, включая концентрации инокулята 105, 106 и 107 КОЕ/мл, время адгезии 60, 90 и 120 минут, время 

созревания 48 и 72 часа и статику против встряхивания. Мы определили образование биопленки грибка, 

используя наиболее часто используемый метод окраски кристаллическим фиолетовым. Были определены 

значения стандартного отклонения с тремя повторами каждого эксперимента со сравнением всех графи-

ков, полученных при двухкратном повторе проведенных экспериментов. Результаты. После применения 

36 различных комбинаций экспериментальных параметров были определены наиболее оптимизированные 

и воспроизводимые из них, такие как концентрация инокулята 107 КОЕ/мл, время адгезии 120 минут, вре-

мя созревания 72 часа и статика. Заключение. В исследованиях по оптимизации, описанных в литературе, 

сообщалось, что образование биопленок различается по количеству и продолжительности в разных зару-

бежных лабораториях, но в Турции подобных исследований по оптимизации не описано. Мы считаем, что 

условия оптимизации, которые мы впервые определили в нашей стране, будут востребованы для последу-

ющих исследований.

Ключевые слова: Trichosporon asahii, инвазивные грибковые инфекции, биопленка, оптимизация, грибы, Турция.

Introduction

Trichosporon species are yeast-like, anamorphic, 

and basidiomycetous; can be isolated from decay-

ing materials, water, soil, cheese, insects, birds, 

bats and cattle feces; and can colonize and multi-

ply in the gastrointestinal tract, vagina, skin, nails 

and upper respiratory tract of humans. These fungal 

species have a wide geographical distribution and 

are more common in warm and tropical regions [1, 

2, 3, 5, 8, 10, 15]. Although the genus Trichosporon 

is usually associated with easily treatable superfi-

cial infections of the skin, especially white piedra, 

it has gained importance as a cause of opportunistic 

systemic infections since the first case of brain in-

vasive trichosporonosis was reported in 1970 [3, 8, 

10, 14, 15]. It is becoming increasingly common, es-

pecially in patients with underlying haematological 

malignancies, aplastic anaemia, organ transplanta-

tion, extensive burns, AIDS and solid tumours, and 

can cause systemic infections such as pneumonia 

and endocarditis, accounting for approximately 10% 

of cases of disseminated fungal infections [3, 5, 7]. 

Trichosporon infections associated with sinusitis, 

ophthalmological surgery and prosthetic device in-

fections, intravenous drug abuse and peritoneal dia-

lysis are also observed in nonimmunocompromised 

patients [2, 7].

Among Trichosporon species, especially Tricho-

sporon asahii is the most common cause of dissemi-

nated or deep-seated trichosporonosis [3, 7, 8, 9, 

10, 12, 15]. Among the clinical materials obtained 

from patients, T. asahii is the most frequently iso-

lated species from blood and urine samples [16]. 

Clinical isolates are estimated to have greater path-

ogenicity than environmental isolates [9]. T. asahii 

is capable of biofilm formation, phenotypic and 

genotypic variation and the production of proteo-

lytic enzymes such as esterase, hemolysin, phos-

pholipase, protease, coagulase and DNAase, but 

the role of these virulence traits in infection is not 

clear [3, 5, 6, 9, 14, 15]. The most studied virulence 

factor among these virulence factors is adhesion 

and biofilm formation, especially in medical de-

vices [13]. Although most reported cases of haema-

togenous T. asahii infection occur during the neu-

tropenic phase in patients with leukaemia, another 

predisposing factor for infection is associated with 

biofilm formation on invasive devices such as in-

travenous or urinary catheters, endoscopic forceps 

and arteriovenous grafts [3, 7, 12, 15]. A biofilm 

is a three-dimensional structure formed by microbi-

al communities embedded in a polymeric extracel-

lular matrix consisting of polysaccharide, protein 

and extracellular DNA produced by cells adhering 

to a biotic or abiotic surface. It facilitates the colo-

nization, growth and proliferation of yeast [3, 7, 15]. 

Biofilms formed by yeast can produce proteases, 

and biofilm formation provides resistance to antibi-

otics and environmental stress [3, 4, 7, 15]. Biofilm 

formation in T. asahii occurs at four different de-

velopmental stages. These stages include the ini-

tial adhesion of yeast cells between 0 and 2 hours, 

germination and microcolony formation between 2 

and 4 hours, filamentation between 4 and 6 hours 

and proliferation and maturation between 24 and 

72 hours [7]. It is thought that prosthetic devices 

may serve as substrates for the postadhesion growth 

of biofilms, which are microbial communities em-

bedded in an extracellular polymeric substance [7]. 

T. asahii biofilm formation may confer markedly 

increased resistance to antimicrobial agents and 
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protection from host defense [3, 7]. Although an-

tifungal drugs are used to treat trichosporonosis, 

the infection is usually persistent, may recur soon 

after treatment and is associated with high mortal-

ity ranging from 50–80% [2, 3, 7, 12, 14]. Although 

newer azoles, such as voriconazole and posacona-

zole, which are used against T. asahii infections, 

are more effective antifungals than amphotericin B 

and f luconazole, biofilm formation in T. asahii has 

been associated with up to 16 000-fold increased 

resistance to voriconazole, particularly compared 

to that in planktonic cells [1, 7, 11, 14]. When there 

is a high level of antifungal resistance, treatment 

usually requires surgical removal of the infected de-

vice, which has a negative impact on the patient [2, 

12]. Therefore, serious infections can be seen with 

T. asahii strains that are deeply localized and do not 

respond to treatment.

The aim of this study was to develop and op-

timize a reproducible biofilm model to monitor 

the biofilm formation of T. asahii in clinical sam-

ples. For this purpose, we evaluated the inoculum 

amount, adhesion time, biofilm maturation time, 

staticity and shaking parameters during biofilm for-

mation. We are also considering applying the data 

we will obtain from this preliminary study to our 

experiments in another study in which we investi-

gated the critical role of enzymes synthesized by 

T. asahii, whose importance we emphasize in clini-

cal samples, in biofilm formation on polystyrene 

surfaces.

Materials and methods

Strains used and growth conditions. In this retro-

spective study, two T. asahii strains isolated from urine 

samples of patients admitted to İstanbul University — 

Cerrahpaşa, Cerrahpaşa Medical Faculty, Medical 

Microbiology Laboratory in 2017 and 2019, iden-

tified by MALDI-ToF MS method in those years 

and stored at –80°C were included. T. asahii var. 

asahii CBS 2479 was used as the reference strain. 

The strains were inoculated on Sabouraud dextrose 

agar (SDA), incubated at 37°C for 48 hours and then 

stored in Sabouraud dextrose medium (SDB) sup-

plemented with 15% glycerol at –80°C for reuse. 

The 48-hour SDA cultures obtained were used in the 

later stages of the study.

Establishment of biofilm formation by the strains. 

While investigating the biofilms formed by 

the strains, different parameters in the study of Itur-

rieta-González, Padovan [10] were combined and 

applied. For this purpose,  inoculum amounts of 105, 

106 and 107 CFU/mL; adhesion times of 60, 90 and 

120 minutes; biofilm maturation times of 48 and 

72 hours; and static and 100 rpm shaking parameters 

were used, and 36 different parameters were applied 

for each strain. These applications were performed 

both in two patient strains and in the reference strain.

Roswell Park Memorial Institute (RPMI) 1640 

medium (containing L-glutamine and phenol red 

without sodium bicarbonate) was prepared with 

MOPS according to the CLSI M27A3 guidelines 

(pH 7.0) according to the CLSI M27A3 guide-

lines, sterilized by filtration and stored at +4°C 

until use. A few colonies were taken from the 48-

hour culture produced in SDA with a sterile core, 

inoculated into rpmI 1640 medium and incubated 

at 37°C and 100 rpm overnight. The cells were cen-

trifuged at 3000 rpm for 5 minutes, the superna-

tant was discarded, and the pellet was washed twice 

with PBS. Cell suspensions prepared with rpmI 

medium for each origin were prepared at concen-

trations of 105, 106 and 107 CFU/mL according 

to their absorbance at 530 nm. In a f lat-bottomed, 

96-well polystyrene microplate, 100 μl of cell sus-

pension was added to each well. Three replicates 

were performed for each isolate. The mixture was 

incubated at 37°C for 60, 90 or 120 min under static 

shaking conditions at 100 rpm. The supernatant 

was removed, and the cells were washed with 150 μl 

of PBS. Thus, cells that did not adhere to the surface 

were removed. Then, 150 μl of RPMI medium was 

added to each well and incubated at 37°C for 48 and 

72 hours under static shaking conditions at 100 rpm. 

Thus, biofilm formation was allowed. The superna-

tant was changed every 24 hours, and each experi-

ment was repeated 2 times.

Determination of biofilm formation in strains by 

the crystal violet method. After biofilm formation, 

the supernatant was aspirated, and the cells were 

washed 2 times with 200 μl of PBS and dried at room 

temperature for 45 min. Then, 110 μl of each sam-

ple was stained with 0.4% crystal violet for 45 min. 

Afterwards, the cells were washed 4 times with 200 μl 

of sterile distilled water. Two hundred microliters 

were incubated with 95% ethanol for 45 min, 100 μl 

was transferred to another microplate, and the ab-

sorbance values were measured at a wavelength 

of 570 nm with a spectrophotometer.

Statistical analysis. Three repetitions were made 

in each experiment for 36 parameters applied to the 

three strains included in the study, and the mean 

absorbance values and standard deviations were de-

termined with these repetitions. Each experiment 

was repeated twice. To determine the reproduci-

bility of the experiment, the means and standard 

deviations in these two experiments were com-

pared by applying the independent samples t test 

in MedCalc Software (https://www.medcalc.org/

calc/comparison_of_means.php (Version 22.023; 

accessed May 17, 2024).

Results

Assessment of biofilm formation by the crystal violet 

method. An inoculum amount of 105, 106 or 107 CFU/

mL; an adhesion time of 60, 90 or 120 minutes; a bi-
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ofilm maturation time of 48 or 72 hours; and static 

shaking at 100 rpm were applied to the two patient 

strains and reference strains.

The mean absorbance values and standard devia-

tion values were determined by repeating the same 

experiment three times for 36 different parameters 

applied, and graphs were created with these values. 

All graphs were compared for reproducibility of the 

experiment. The statistically significant difference 

between the two experiments for 36 parameters ap-

plied at three origins showed that the experiment 

could not be reproduced. The P value shown in Table 

was less than 0.05, indicating that there was a sig-

nificant difference between the two experiments and 

that the experiment could not be repeated. When 

the P value was greater than 0.05, there was no sig-

nificant difference between the two experiments, and 

the results were reproducible (Table).

From the graphs created for the strain of 2017, 

the parameters with the least difference between 

the 1st and 2nd experiments were analysed. The pa-

rameters with the least differences between the 1st and 

2nd experiments were 105 CFU/mL, static, 120 min 

adhesion time and 48 h result; 105 CFU/mL, shaking, 

120 min adhesion time and 48 h result; 106 CFU/mL, 

shaking, 90 and 120 min adhesion time and 48 h re-

sult; and 107 CFU/mL, static, 120 min adhesion time 

and 72 h result, for a total of 5 parameters (Table).

From the graphs created for the 2019 strain, the pa-

rameters with the least differences between the 1st and 

2nd experiments were 107 CFU/mL, static, 60 and 

120 minutes of adhesion time and 48 hours result, 

106 CFU/mL, shaking, 120 minutes of adhesion time 

and 48 hours result, 106 CFU/mL, static, 60 minutes 

of adhesion time and 72 hours result, and 107 CFU/

mL, static, 60 and 120 minutes of adhesion time and 

72 hours result, a total of 6 parameters (Table).

The parameters with the least difference between 

the 1st and 2nd experiments from the graphs gener-

ated for the reference strain T. asahii var. asahii CBS 

2479 were 107 CFU/mL, shaking, 90 min adhesion 

time and 48 h result and 107 CFU/mL, static, 60 and 

120 min adhesion time and 72 h result, for a total of 3 

parameters (Table).

Statistical analysis was performed to verify that 

the parameters with the least difference between ex-

periments 1 and 2 of the three included strains were 

reproducible. Since the P value of these parameters 

was greater than 0.05, there was no significant dif-

ference between the two experiments, indicating that 

the experiment was repeatable (Table).

Among the 36 parameters applied for all three 

strains, the common parameters that can be repeat-

ed is 107 CFU/mL, static conditions, a 120-minute 

adhesion time and 72 hours result. This result can be 

seen in the “reproducibility” column in Table. This 

parameter is the optimized result, and the graphs 

with these results for the three strains are shown 

in Figure.T
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Discussion

Trichosporon asahii is the most common trichos-

poronosis agent that can cause invasive infections 

with a high mortality rate, especially in immuno-

compromised patients, and can be a source of infec-

tion through biofilm formation on invasive devic-

es. [3, 7, 9, 10, 12, 14, 15]. Therefore, it is important 

to investigate biofilm formation in this fungus. In this 

study, a reproducible T. asahii biofilm formation 

model was optimized by evaluating the ability of two 

T. asahii strains isolated from patients in Türkiye and 

the reference strain to form biofilms on polystyrene 

surfaces.

Determining the adhesion process, which is the first 

step in biofilm formation, is also important because 

it is the beginning of infection [9]. During biofilm for-

mation, after the initial adhesion of the yeast to the sur-

face, the mature phase begins with filamentation [12].

Di Bonaventura et al. [7] applied inoculum 

amounts of 104, 105 and 106 CFU/mL; adhesion 

times of 30, 60 and 120 minutes; and biofilm matura-

tion times of 24, 48 and 72 hours and reported that 

T. asahii cells could adhere to polystyrene surfaces 

after only 30 minutes of incubation. They stated that 

the adherent cells were organized as microcolonies 

representing the early microbial adaptive response 

in the first 4 hours despite the low metabolic profile, 

and then the formation of mature biofilms increased 

from 6 hours to 72 hours. They determined the most 

optimal experimental setup as 105 CFU/mL, 60 min 

adhesion time and 72 hours biofilm formation time.

Iturrieta-González et al. [10], based on differ-

ent protocols in their study, used inoculum amounts 

of 105, 106 and 107 CFU/mL; adhesion times of 60, 90 

and 120 minutes; biofilm maturation times of 48 and 

72 hours; shaking at 75 rpm; and static environment 

parameters for optimisation experiments. As a re-

sult, 107 CFU/mL, 90 min of adhesion time, shaking 

and 48 hours of biofilm maturation were determined 

to be optimal.

In another optimisation study, 107 CFU/mL in-

oculum was used, and adhesion times of 1, 2, 4, 6 and 

8 hours were compared. In contrast to other studies, 

1 and 2 hours of adhesion were judged to be insuf-

ficient, and significantly greater biofilm production 

was observed between 2 and 4 hours. They concluded 

that if the exposure time increases when there is suf-

ficient surface area, it can lead to high virulence and 

ultimately persistence of infection [14].

According to optimisation studies carried out 

around the world, T. asahii biofilm production is car-

ried out in different ways, and biofilms are formed 

in different countries, in different amounts and 

for different periods in each study.

As far as we could examine, we could not find any 

research in our country where optimization studies 

were carried out on T. asahii biofilm production. 

In this preliminary study before our study, for this 

purpose, we determined the optimal parameters 

for T. asahii biofilm production. In our research, we 

applied 36 different parameters to all three strains 

included in the study by crossing inoculum amounts 

of 105, 106 and 107 CFU/mL; adhesion times of 60, 

90 and 120 minutes; biofilm maturation times of 48 

and 72 hours; and static and 100 rpm shaking pa-

rameters. We applied these parameters twice to each 

strain. We statistically compared the absorbance 

results between these two experiments by including 

the means and standard deviations that we deter-

mined from three repetitions within the experiment. 

A P value between the two experiments was greater 

than 0.05 indicated that there was no statistically 

significant difference between the two experiments 

and that the experiment was reproducible. It was 

observed that the common parameters for reproduc-

ible results in all three strains were 107 CFU/mL, 

static conditions, 120 minutes of adhesion time and 

Figure. Results of two experiments with 107 CFU/

mL, 60, 90 and 120 min adhesion time, 72 h 

incubation and static conditions of the patient 

strain isolated in 2017 (A), 2019 (B), and of the 

reference strain T. asahii var. asahii CBS 2479 (C)
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72 hours result. We concluded that this result is the 

most optimized result.

The results obtained in our study are compatible 

with the 72 hours given as the most optimised biofilm 

maturation time in the optimisation study performed 

by Di Bonaventura et al. [7], but the adhesion times 

of 107 CFU/mL and 120 minutes in our study are not 

compatible with the optimised inoculum amount 

of 105 CFU/mL and the adhesion time of 60 minutes 

in their study.

When we compared our study with the study 

of Iturrieta-González et al. [10], it was found to be 

compatible with the inoculum amount of 107 CFU/

mL in the study of Di Bonaventura et al. [7]. The most 

optimised conditions determined by this study, such 

as an incubation time of 90 minutes, a biofilm matu-

ration time of 48 hours and the fact that the experi-

ment was carried out in a shaking apparatus, are not 

compatible with the values in our study. In addition, 

the shaking speed in this study was 75 rpm, while 

the shaking speed we used was 100 rpm.

Montoya et al. [14] maintained a constant con-

centration of 107 CFU/mL in their optimisation stud-

ies and compared the adhesion times and found that 

2–4 hours was optimal. In our study, we determined 

120 minutes to be the most optimised adhesion time 

and observed that it was compatible with this study.

Conclusion

As far as we could examine in our country, we 

observed that there was no optimization phase in the 

studies investigating the biofilm formation process 

of T. asahii. We will use the most optimized results 

we obtained after this optimization study in our study 

with the comprehensive clinical samples we men-

tioned. We believe that the optimization conditions 

we have determined will lead studies to be carried 

out on this subject in our country and raise aware-

ness. However, we think that the results may dif-

fer depending on the laboratory conditions studied, 

the strains, and the type of clinical sample. For this 

reason, we believe that optimization and standardi-

zation should be ensured to determine the suitability 

of the conditions under study before starting to work 

on each study.

We believe that T. asahii, which, unfortunately, 

has not been studied extensively, even though it caus-

es serious infections worldwide and, in our country, 

is important for examining the biofilm formation 

process and investigating infection treatment pro-

cesses. We predict that the parameters we have deter-

mined as a result of this optimization study will lead 

to the development of different strategies to examine 

these factors in more comprehensive and different 

types of clinical samples in different studies. In this 

way, we hope that studies will be conducted to reveal 

the unknown aspects of the fungal biofilm formation 

mechanism in more detail.
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