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Abstract

Aim: 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.

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, 10°, 108 and 10" 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 10’ 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.

Keywords: Trichosporon asahii, Invasive Fungal Infections, Biofilm,

Optimisation, Fungi, Tiirkiye



Pe3stome. Lens: Trichosporon asahii, rpubok, BcTpedaronmiics B mpupoje u
MUKpPOOMOTE dYelloOBeKa, HEJaBHO CTal Hauboyiee paclpOCTPAaHEHHON MPUYMHOMN
JTIMCCEMUHHUPOBAHHOTO TJIYOOKOTO TPUXOCIIOPOHO3a, OCOOCHHO Yy MAaIMEHTOB C
ocnabneHHbIM HMMMYyHHUTETOM. (OOpa3oBaHue OHOIJICHKH, OJWH U3 BaKHBIX
dbakTopoB BuUpyJeHTHocTH T. asahii, o0nerdaer ero KOJOHM3alUIO |
pacnpocTpaHeHue, obecrneunBas I'puOKY YCTOHYMBOCTH K MPOTUBOIPUOKOBBIM
mpenapaTaM U BHEIIHEMY cTpeccy. B HacrosiieM ucciieJoBaHUHU MBI MOMBITAINCH
pa3paboTaTh BOCIIPOU3BOIUMYIO MOJIeNIb OuorieHkH T. asahii 711 mocienyyronmx
WCCJICTIOBAaHHUM ITyTeM ONTUMH3AIMU KOHIICHTPAIIMN HHOKYJISITa, BPEMEHH a/IM€3HUH,
BPEMEHH CO3pEBaHUs OWOMIIEHKH, CTAaTHMYECKHUX IapaMEeTpOB M IapaMeTpOB
BCTPSIXUBAHUS.

Metonsr: B uccnenoBanue ObUTM BKIIOUEHBI J1Ba KIMHUYECKHX H30JIATA,
MOJIYYEHHBIX W3 O0pa3lloB MOYHM, W ATAJOHHBIM MTaMM. J[Js KaXkJIOoro mramMma
OPUMEHSUTUCh 36  pa3jMYHbIX OKCIEPUMEHTAJIBHBIX MapaMeTpa, BKIOYas
KoHUeHTpauuu uHokyJsata 105, 106 u 107 KOE/mn, Bpems aarezun 60, 90 u 120
MUHYT, BpeMsl co3peBaHus 48 v 72 4yaca U CTaTUKy MPOTUB BCTPSIXUBaHUS. MbI
onpenenuyii 00pa3oBaHME OHMOIUIEHKM TpuUOKa, HCMOJIb3ys HauOoJiee YacTo
UCIIOJIb3YeMbId ~ METOJ  OKPAaCKM KPUCTAUTMYECKUM  (HUOJIETOBBIM.  bpuin
OTIpEJICIICHbl 3HAYEHUsI CTAaHJAAPTHOTO OTKIIOHEHHUS C TPeMs MOBTOPAMH KaXKIIOTO
IKCIIEPUMEHTa, CO CpPaBHEHHEM BcCeX IpaUKOB, MONYyYEHHBIX MPU ABYXKPATHOM
MOBTOPE NMPOBEIEHHBIX HKCIIEPUMEHTOB.

Pesynpratel:  Ilocme  npumenHenuss 36  pa3IUyHbIX ~ KOMOWHAIUN
AKCIIEPUMEHTATBLHBIX napaMeTpoB OBLIIH onpeeeHbl HauOoJee
ONITUMHU3UPOBAHHBIC M BOCTIPOM3BOJUMEIE MMApaMETPhl, TAaKWE KaK KOHIICHTPAIIUS
uHokyJsata 107 KOE/mn, Bpems aaresun 120 MuHYT, BpeMs co3peBaHusi 72 4yaca u
CTaTHKa.

3axmroueHue: B ncciaenoBaHmsIX Mo ONTUMU3AINHN, OTUCAHHBIX B JIUTEPATYPE,
coo0IIagoch, 4To OOpa3oBaHHWE OHWOIUICHOK pa3jinyaeTcs I0 KOJUYECTBY U

MPOJIOJDKATEFHOCTH B Pa3HBIX 3apyOeXHBIX Jlaboparopusx, HO B Typuuu



10/TOOHBIX UCCIEI0OBAHUH M0 ONITUMU3AIIMU HE ONKMCAaHO. MBI CUMTaeM, YTO YCIOBUS
ONTUMU3ALIMN, KOTOPHIE MBI BIEpPBBIC OMNPEICIUIN B HAIIeW CcTpaHe, OyIyT
BOCTpeOOBaHBI JIsI MOCIEAYIOMINX UCCISTOBAHUN.

Kuarouesbie ciioBa: Trichosporon asahii, nHBa3uBHbIE TprOKOBBIE HHEKIINH,

OuorieHka, onTuMu3anus, rpudsl, Typius
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1 Introduction

Trichosporon species are yeast-like, anamorphic, and basidiomycetous; can be
isolated from decaying materials, water, soil, cheese, insects, birds, bats and cattle
feces; and can colonize and multiply 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 [1-3,
5, 8, 10, 15]. Although the genus Trichosporon is usually associated with easily
treatable superficial infections of the skin, especially white piedra, it has gained
importance as a cause of opportunistic systemic infections since the first case of
brain invasive trichosporonosis was reported in 1970 [3, 8, 10, 14, 15]. It is
becoming increasingly common, especially in patients with underlying
haematological malignancies, aplastic anaemia, organ transplantation, 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 infections, intravenous
drug abuse and peritoneal dialysis are also observed in nonimmunocompromised
patients [2, 7].

Among Trichosporon species, especially Trichosporon asahii is the most common
cause of disseminated or deep-seated trichosporonosis [3, 7-10, 12, 15]. Among the
clinical materials obtained from patients, T. asahii is the most frequently isolated
species from blood and urine samples [16]. Clinical isolates are estimated to have
greater pathogenicity than environmental isolates [9]. T. asahii is capable of biofilm
formation, phenotypic and genotypic variation and the production of proteolytic
enzymes such as esterase, hemolysin, phospholipase, 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 devices [13]. Although most reported cases
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of haematogenous T. asahii infection occur during the neutropenic phase in patients
with leukaemia, another predisposing factor for infection is associated with biofilm
formation on invasive devices such as intravenous or urinary catheters, endoscopic
forceps and arteriovenous grafts [3, 7, 12, 15]. A biofilm is a three-dimensional
structure formed by microbial communities embedded in a polymeric extracellular
matrix consisting of polysaccharide, protein and extracellular DNA produced by
cells adhering to a biotic or abiotic surface. It facilitates the colonization, growth and
proliferation of yeast [3, 7, 15]. Biofilms formed by yeast can produce proteases,
and biofilm formation provides resistance to antibiotics and environmental stress [3,
4, 7, 15]. Biofilm formation in T. asahii occurs at four different developmental
stages. These stages include the initial 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 embedded in an extracellular
polymeric substance [7]. T. asahii biofilm formation may confer markedly increased
resistance to antimicrobial agents and protection from host defense [3, 7]. Although
antifungal drugs are used to treat trichosporonosis, the infection is usually persistent,
may recur soon after treatment and is associated with high mortality ranging from
50-80% [2, 3, 7, 12, 14]. Although newer azoles, such as voriconazole and
posaconazole, which are used against T. asahii infections, are more effective
antifungals than amphotericin B and fluconazole, 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 device, 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.
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The aim of this study was to develop and optimize a reproducible biofilm model to
monitor the biofilm formation of T. asahii in clinical samples. For this purpose, we
evaluated the inoculum amount, adhesion time, biofilm maturation time, staticity
and shaking parameters during biofilm formation. We are also considering applying
the data we will obtain from this preliminary study to our experiments in another
study in which we investigated the critical role of enzymes synthesized by T. asabhii,
whose importance we emphasize in clinical samples, in biofilm formation on

polystyrene surfaces.
MATERIALS AND METHODS
Strains used and growth conditions

In this retrospective study, two T. asahii strains isolated from urine samples of
patients admitted to Istanbul University- Cerrahpasa, Cerrahpasa Medical Faculty,
Medical Microbiology Laboratory in 2017 and 2019, identified 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) supplemented 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 lturrieta-Gonzalez, Padovan [10] were combined and applied. For this
purpose, inoculum amounts of 10° 10°and 10" 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
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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 guidelines,
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 centrifuged
at 3000 rpm for 5 minutes, the supernatant was discarded, and the pellet was washed
twice with PBS. Cell suspensions prepared with RPMI medium for each origin were
prepared at concentrations of 10°, 10°and 10’ CFU/mL according to their absorbance
at 530 nm. In a flat-bottomed, 96-well polystyrene microplate, 100 pul of cell
suspension 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 pl of PBS. Thus, cells that did not adhere to the surface were removed.
Then, 150 pl 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 supernatant was changed every 24 hours, and each experiment 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 pl of PBS and dried at room temperature for 45 min. Then, 110 pl of
each sample was stained with 0.4% crystal violet for 45 min. Afterwards, the cells
were washed 4 times with 200 ul of sterile distilled water. Two hundred microliters

was incubated with 95% ethanol for 45 min, 100 pl was transferred to another
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microplate, and the absorbance 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 determined with these repetitions. Each experiment was repeated
twice. To determine the reproducibility of the experiment, the means and standard
deviations in these two experiments were compared 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 10°, 10°or 10" CFU/mL; an adhesion time of 60, 90 or 120
minutes; a biofilm 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 deviation 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 applied at three origins showed that the experiment
could not be reproduced. The P value shown in Table 1 was less than 0.05, indicating
that there was a significant 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 significant difference between the two experiments, and the results were
reproducible (Table 1).
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From the graphs created for the strain of 2017, the parameters with the least
difference between the 1st and 2nd experiments were analysed. The parameters with
the least differences between the 1st and 2nd experiments were 10° CFU/mL, static,
120 min adhesion time and 48 h result; 10° CFU/mL, shaking, 120 min adhesion
time and 48 h result; 10° CFU/mL, shaking, 90 and 120 min adhesion time and 48 h
result; and 10 CFU/mL, static, 120 min adhesion time and 72 h result, for a total of

5 parameters (Table 1).

From the graphs created for the 2019 strain, the parameters with the least differences
between the 1st and 2nd experiments were 10’ CFU/mL, static, 60 and 120 minutes
of adhesion time and 48 hours result, 10 CFU/mL, shaking, 120 minutes of adhesion
time and 48 hours result, 108 CFU/mL, static, 60 minutes of adhesion time and 72
hours result, and 10" CFU/mL, static, 60 and 120 minutes of adhesion time and 72

hours result, a total of 6 parameters (Table 1).

The parameters with the least difference between the 1st and 2nd experiments from
the graphs generated for the reference strain T. asahii var. asahii CBS 2479 were 10’
CFU/mL, shaking, 90 min adhesion time and 48 h result and 10’ CFU/mL, static, 60

and 120 min adhesion time and 72 h result, for a total of 3 parameters (Table 1).

Statistical analysis was performed to verify that the parameters with the least
difference between experiments 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 difference between the two experiments, indicating that the

experiment was repeatable (Table 1).

Among the 36 parameters applied for all three strains, the common parameters that
can be repeated is 10’ CFU/mL, static conditions, a 120-minute adhesion time and
72 hours result. This result can be seen in the “reproducibility” column in Table 1.
This parameter is the optimized result, and the graphs with these results for the three

strains are shown in Figure 1 (Figure 1).
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DISCUSSION

Trichosporon asahii is the most common trichosporonosis agent that can cause
invasive infections with a high mortality rate, especially in immunocompromised
patients, and can be a source of infection through biofilm formation on invasive
devices. [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 Tiirkiye 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 formation,
after the initial adhesion of the yeast to the surface, the mature phase begins with

filamentation [12].

Di Bonaventura, Pompilio [7] applied inoculum amounts of 104 10° and 10°
CFU/mL,; adhesion times of 30, 60 and 120 minutes; and biofilm maturation 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 10° CFU/mL, 60 min adhesion time and 72 hours biofilm

formation time.

Iturrieta-Gonzalez, Padovan [10], based on different protocols in their study, used
inoculum amounts of 10° 10°and 10" 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 result, 10’ CFU/mL, 90
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min of adhesion time, shaking and 48 hours of biofilm maturation were determined

to be optimal.

In another optimisation study, 10" CFU/mL inoculum 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 insufficient, and significantly greater biofilm
production was observed between 2 and 4 hours. They concluded that if the exposure
time increases when there is sufficient 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 carried 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 10° 10°and 10" 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. 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 determined 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
reproducible results in all three strains were 10" CFU/mL, static conditions, 120
minutes of adhesion time and 72 hours result. We concluded that this result is the

most optimized result.
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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, Pompilio [7], but the adhesion times of 107 CFU/mL and 120 minutes
in our study are not compatible with the optimised inoculum amount of 10° CFU/mL

and the adhesion time of 60 minutes in their study.

When we compared our study with the study of Iturrieta-Gonzalez, Padovan [10], it
was found to be compatible with the inoculum amount of 107 CFU/mL in the study
of Di Bonaventura, Pompilio [7]. The most optimised conditions determined by this
study, such as an incubation time of 90 minutes, a biofilm maturation time of 48
hours and the fact that the experiment 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, Elizondo-Zertuche [14] maintained a constant concentration of 107
CFU/mL in their optimisation studies 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.
CONCLUSIONS

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 mentioned. We
believe that the optimization conditions we have determined will lead studies to be
carried out on this subject in our country and raise awareness. However, we think
that the results may differ depending on the laboratory conditions studied, the strains,
and the type of clinical sample. For this reason, we believe that optimization and
standardization should be ensured to determine the suitability of the conditions under
study before starting to work on each study.
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We believe that T. asahii, which, unfortunately, has not been studied extensively,
even though it causes serious infections worldwide and, in our country, is important
for examining the biofilm formation process and investigating infection treatment
processes. We predict that the parameters we have determined 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.



TABJINLbBI

Table 1. Reproducible parameters of the three strains used and comparison of these parameters.

Strains
2017 2019 CBS 2479
Parameters
Rep Rep Rep
1texp. |2"exp. |Pvalue 1%texp. [2"exp. |Pvalue 1%texp. |2"exp. |Pvalue
105 48h, St[1.19 =111 +| 1.85 0.48 - 0.77  +|0.27 -
0.56 X 0.02 0.003
120m 0.19 0.09 0.58 0.07 0.14 0.01
107, 48h, St,[2.95 +[1.71  +[<0.001 1.98 1.89 ] 0.69 +[0.48 R
B 052" |X 0.002
60m 0.08 0.11 0.05 0.22 0.03 0.04
107, 48h, St,|2.81 +(1.46 + n 2.26 2.39 . 0.71 +10.29 <0.001
0.002 0.07" |X B
120m 0.27 0.15 0.07 0.05 0.02 0.02




105 48h, Sh,]0.55 0.50 . 1.16 1.69 N 0.59 0.23 N
0.52 0.003 0.03

120m 0.11 0.05 0.13 0.04 0.19 0.01

105 48h, Sh,[1.57 1.64 ] 1.99 1.29 <0.001 0.55 0.31 N
0.30 N 0.005

90m 0.10 0.03 0.06 0.07 0.07 0.02

105 48h, Sh,[1.16 1.29 ] 2.06 1.91 ] 0.78 0.23 R
0.22 0.36 0.03

120m 0.01 0.16 0.24 0.01 0.29 0.01

107, 48h, Sh,[2.69 1.01 <0.001 2.72 1.73 R 0.69 0.56 ]
B 0.008 0.26

90m 0.06 0.29 0.13 0.32 0.17 0.01

105 72h, St [2.31 1.35 <0.001 2.39 2.40 ] 0.78 0.33 N
N 0.98 0.003

60m 0.13 0.06 0.11 0.32 0.11 0.03

107, 72h, St[2.31 1.60 N 2.95 281 ] 1.04 0.59 ]
0.005 0.06 0.07

60m 0.20 0.08 0.03 0.08 0.32 0.03

107, 72h, St[2.26 247 ] 3.46 3.59 ] 0.48 0.54 ]
0.46 0.06 0.20

120m 0.25 0.37 0.01 0.09 0.05 0.03




Total ‘ 5 6 3

(10°,10°,107: Amounts of inoculum used (CFU/mL), 48h: 48hour, 72h: 72hour, St: static, Sh: shaking, 60m: 60 minutes adhesion
time, 90m: 90 minutes adhesion time, 120m: 120 minutes adhesion time, 1% exp.: first experiment results (Mean + Standard
Deviation), 2" exp.: second experiment results (Mean = Standard Deviation). : p > 0.05, There is no statistically significant
difference between the 2 experiments and the experiment is reproducible. *: p < 0.05, There is statistically significant difference

between the 2 experiments and the experiment is no reproducible. Rep.: Reproducibility. X: The experiment is reproducible.)
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Figure 1-A. Results of two experiments with 10’ CFU/mL, 60, 90 and 120 min
adhesion time, 72 h incubation and static conditions of the patient strain isolated in

2017.

120m

Aszg

[N

0

| 1stexperiment | 2" experiment

Russian Journal of Infection and Immunity ISSN 2220-7619 (Print)
ISSN 2313-7398 (Online)



Figure 1-B. Results of two experiments with 10” CFU/mL, 60, 90 and 120 min

adhesion time, 72 h incubation and static conditions of the patient strain isolated in

2019.
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Figure 1-C. Results of two experiments with 10" CFU/mL, 60, 90 and 120 min
adhesion time, 72 h incubation and static conditions of the reference strain T. asahii
var. asahii CBS 2479.
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