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Acute-on-chronic liver failure (ACLF) is often associ-
ated with a dismal outcome. Infections might preclude 
access to liver transplantation (LT) for these patients, 
further reducing their chance of survival. We report 
the case of a patient with ACLF who died before LT for 
biofilm-producing Trichosporon asahii fungemia. The 
patient early started antifungal therapy with anidula-
fungin, but T. asahii was not susceptible to echinocan-
dins, delaying the start of active antifungal therapy. 

SUMMARY

Although rare, invasive infections by Trichosporon spp. 
are associated with high mortality rates due to low an-
timicrobial susceptibility and production of biofilms 
on indwelling devices. Early diagnosis and treatment 
are crucial to reduce mortality and enhance patient 
survival.
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n INTRODUCTION

Acute-on-chronic liver failure (ACLF) is asso-
ciated with high short-term mortality, and 

the optimum timing and selection criteria for liver 
transplantation (LT) still remains debated [1]. Pa-
tients with ACLF are at high risk of fatal fungal 
infections, which may increase the risk of wait-list 
drop-out and mortality [2]. Early diagnosis is 
therefore crucial in these patients to allow referral 
to LT. 
Trichosporon asahii is responsible for invasive in-
fections and fungemia is the predominant infec-

tion type, representing two thirds of all invasive 
infections [3, 4]. Indwelling central venous cathe-
ter presence, prior antifungal agent use, haemato-
logic malignancy, and end-stage renal disease are 
factors associated with invasive T. asahii infection. 
Mortality rates in these patients is as high as 60% 
[3]. The ability of T. asahii to produce biofilms on 
surfaces is one of the major virulence factors of 
this organism [5]. Several studies showed that T. 
asahii biofilms produce extracellular protease and 
may lead to increased resistance to antifungal 
compounds, which may ultimately lead to clinical 
treatment failure [6, 7]. 
The optimal treatment of invasive T. asahii infec-
tion remains challenging: resistance to echinocan-
dins, together with the propensity to produce bio-
film, complicate the clinical decision of the optimal 
antifungal regimen in these type of infections [8].
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Here we describe a patient with ACLF who died 
of systemic infection caused by a biofilm produc-
ing T. asahii strain (formerly known as T. beigelii).

n CASE PRESENTATION

A 31-year-old man with a history of alcohol abuse 
was admitted to the intensive care unit (ICU) of 
the Pisa University Hospital (Pisa, Italy) due to 
liver decompensation with severe jaundice, grade 
2 encephalopathy, ascites and diffuse edema. He 
had been hospitalized in another institution for 3 
weeks before being transferred to our hospital 
where he was treated with steroids and plasma-
pheresis with no benefit (Maddrey score 63.1; Lil-
le score 0.99). The patient had an indwelling uri-
nary catheter.
Upon admission to our hospital, the patient was 
evaluated by the LT team and was judged accord-
ing to the practice guidelines as detailed by the 
American Association for the Study of Liver Dis-
ease [9]. At the time of evaluation, he weighed 54 
kg and was 1.75 meters tall. His BMI was 17.9 kg/
m2. He was diagnosed with liver cirrhosis 2 years 
before. He presented with abdominal distension, 
jaundice, confusion and lower extremity edema. 
Bloodwork showed high aspartate aminotrans-
ferase and alanine transaminase levels (443 and 
107 mU/mL, respectively), creatinine value 3.5 
mg/dl, high total bilirubin (15.5 mg/dl), and low 
albumin (2.2 mg/dl). The laboratory tests also 
showed leukocytosis with neutrophilia (32.430/
mm3; 93.1% neutrophils); thrombocytopenia 
(17.000/mm3), and increased C-reactive protein 
(3.39 mg/dL) and procalcitonin (3 ng/mL). INR 
was 5.86. Model for end-stage liver disease-sodi-
um (MELD-Na) score was 40 and his Child-Pugh 
classification was C. It was recommended to un-
dergo LT as soon as clinically feasible due to poor 
prognosis.
However, the patient was transferred to the ICU 
due to critically-ill clinical conditions, hypoten-
sion (80/50 mmHg) requiring vasopressor thera-
py and hepato-renal syndrome. Haemodialysis 
was started. A total-body CT scan showed small 
bilateral pulmonary infiltrates and left pleural ef-
fusion. Empirical antimicrobial therapy with mer-
openem (500 mg q24h), ceftobiprole (250 mg 
q12h) and anidulafungin (100 mg q24h) was start-
ed. The ascites was sampled (270/mm3 leuko-
cytes) and the culture was negative. About 24 

hours after admission, both urine and blood cul-
tures were positive for yeast cells eventually iden-
tified as Tri chosporon asahii. Blood specimen was 
inoculated into blood culture bottles (Plus aero-
bic/F and Plus Anaerobic/F, Becton Dickinson & 
Co, BD, Milan, Italy) and transferred to the Bactec 
FX instrument (Becton Dickinson, Franklin Lakes, 
NJ, USA) for monitoring microbial growth. Iden-
tification of the clinical isolate was obtained by 
MALDI-TOF mass spectrometry and antimicrobi-
al susceptibility (AST) was obtained with Sensiti-
treTM YeastOneTM (Remel Inc., Thermo Fisher Sci-
entific, United Kingdom). NaPB, pH 7). Accord-
ing to the drug susceptibility profile (ampho-
tericin B MIC 1 mcg/mL; anidulafungin MIC 8 
mcg/mL; caspofungin MIC 8 mcg/mL; flucona-
zole MIC 4 mcg/mL; fluorocytosine MIC 4 mcg/
mL; itraconazole MIC 0.5 mcg/mL; micafungin 
MIC 8 mcg/mL; posaconazole MIC 0.5 mcg/mL; 
voriconazole 0.25 mcg/mL), antifungal therapy 
was replaced by liposomal amphotericin B (150 
mg q24h). However, the patient clinical status de-
teriorated even further and he died the following 
day. 
An evaluation of biofilm production was per-
formed: biofilm production was evaluated at 24 
and 36 h. Biofilm formation assays were per-
formed as previously described for T. asahii [10]. 
Briefly, fungal suspensions were prepared at 
1×106 cells/mL in RPMI 1640 medium supple-
mented with glucose (2% final concentration), 
buffered with 3-(N-morpholino)-propanesulfonic 
acid (MOPS; Sigma Aldrich, St. Louis, USA) and 
transferred in polystyrene, flat-bottomed, 96-well 
microtiter plates (100 μL/well). After 24-h incuba-
tion at 37°C, the medium was removed and sub-
stituted with fresh 2% glucose supplemented 
RPMI medium. At the various incubation times, 
non-adhered cells were removed by washing 
twice with phosphate buffered saline (PBS). Bio-
film production was evaluated spectrophotomet-
rically by measuring the total biofilm biomass 
and quantifying cellular metabolic activity by the 
XTT/menadione assay. XTT (2,3-Bis-(2-Methoxy-
4-Nitro-5-Sulfophenyl)-2H-Tetrazolium-5-Car-
boxanilide, Euroclone SpA, Italy) solution was 
prepared at 0.5 mg/mL in PBS buffer and mixed 
with a menadione solution dissolved in acetone at 
a final concentration of 1 mM. An aliquot of 100 mL 
XTT/menadione solution was inoculated into 
each well of the plate and incubated for 2 h in the 
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dark at 37°C. Next, the supernatant (80 µL) was 
transferred into a new 96-well microtiter plate to 
measure colorimetric changes at 490 nm (OD

λ 490 nm) 
using an automated plate reader (MultiskanTM FC 
Microplate Photometer, Thermo Scientific). Back-
ground optical density was subtracted from the 
values measured in each well. Three independent 
experiments were performed, each in triplicate. 
Results about the biofilm-forming ability after 24 
and 36-hour incubation is shown in Figure 1. No 
significant difference was observed between time 
points. T. asahii was classified as moderate biofilm 
producer.
The ability of T. asahii to produce biofilm was fur-
ther investigated using an in vitro model of cathe-
ter-associated biofilm formation. Peripheral Tef-
lon catheters (PVC) of 1 mm diameter and 32 mm 
length (Deltaven FEP, Deltamed SpA; Mantova, 
Italy) were inoculated with 20 μL of yeast suspen-
sion and then placed into a micro-centrifuge tube 
with 1 mL of RPMI. After 6, 12, 24, and 36-hour 

incubation at 37°C, the colonized catheters were 
washed in PBS. Next, they were sonicated for 5 
min and vortexed for further 2 min, to allow com-
plete detachment of biofilm embedded cells from 
the catheter lumen. The ability of T. asahii to form 
biofilm in the in vitro catheter model was evaluat-
ed after 6, 12, 24 and 36-hour incubation at 37°C. 
Data obtained from colonized catheters were ex-
pressed as number of cells (CFU/mL) and showed 
a significant (p<0.01) difference between 6 and 24-
hour incubation time points as well as between 6 
and 36 hours (Figure 2). 

n DISCUSSION

The present case highlights the challenges in the 
management of ACLF patients and their rapid 
clinical deterioration. In this setting, timing of LT 
- the so-called transplant window - is narrow and 
infections may increase the risk of wait-list drop-
out and mortality. Early diagnosis and treatment 
of infections is crucial in these patients, since in-
fections may jeopardize access to LT. 
The emergence of less common, albeit clinically 
relevant, fungal pathogens including rare yeasts, 
contributes to the high morbidity and mortality 
rates observed in immunosuppressed patients. T. 
asahii life-threatening invasive infections general-
ly occur in immunosuppressed hosts and in criti-
cally ill patients [11]. The deteriorated clinical 
conditions and the length of hospital stay prior to 
transfer to our center might have been predispos-
ing factors for T. asahii bloodstream infection in 

Figure 1 - T. asahii biofilm biomass (A) and metabolic ac-
tivity (B) after incubation in 2% glucose-supplemented 
RPMI for 24 and 36 hours. 
Data are expressed as means of three independent experiments ± SD.

Figure 2 - Biofilm embedded T. asahii cells in the cath-
eter lumen. 
Catheters (PVC) were inoculated with T. asahii (106 cells/mL) and incu-
bated in 2% glucose supplemented RPMI for 6, 12, 24, and 36 h at 37°C. 
Biofilm embedded cells were detached from the catheter lumen by son-
ication and the number of cells was determined microbiologically. Data 
are expressed as means of three independent experiments ± SD. * P ≤0.01.
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our patient. Moreover, the presence of an indwell-
ing urinary catheter may have facilitated yeast 
colonization of the urinary tract mucosa and sub-
sequent spread to the bloodstream. This hypothe-
sis is further supported by the in vitro results, 
showing the T. asahii strain ability to produce bio-
film on abiotic surfaces. This feature may repre-
sent a relevant virulence factor, reducing drug 
penetration and effectiveness [11]. Remarkably, 
we reproduced an in vitro model of catheter-asso-
ciated biofilm formation by T. asahii and observed 
a significant difference between different incuba-
tion time points, highlighting the ability of this 
yeast to increase the biofilm production over time. 
Accordingly to our finding, Cordeiro and col-
leagues demonstrated that T. asahii produce per-
sister cells in their biofilms that may provide an 
inoculum for cell growth and new biofilm forma-
tion [6]. Persister cells, a subpopulation of 
dormant cells within biofilms, may be responsible 
for relapsing infections, as they tolerate antifun-
gal exposure and can revert to an actively grow-
ing state, repopulating the biofilm, once treatment 
is ceased [6].
This characteristic may be important from a clini-
cal point of view: 
1) the increased biofilm formation over time may 

lead to a reduced activity of antifungal drugs 
even if active antifungal treatment is early 
started;

2) it may justify the difficulty in the eradication 
of the organism, especially when source con-
trol is not promptly performed or in patients 
who are catheter dependent or have risks asso-
ciated with catheter removal. 

The biofilm formation and persistence significant-
ly contribute to the reduced susceptibility of T. 
asahii to antifungal agents. Trichosporon spp. are 
characterized by a low susceptibility to common-
ly used antifungal drugs. Although many case re-
ports describe the use of amphotericin B (AMB) 
for the treatment of trichosporonosis, in vitro re-
sistance to AMB has been detected in a number of 
isolates collected from neutropenic patients with 
disseminated infection [12, 13]. In our case, we 
used anidulafungin as first empirical treatment 
choice, because it is active against the majority of 
yeasts and is not metabolized by the liver and no 
dose adjustments are required for patients with 
hepatic dysfunction. However, anidulafungin is 
not active in vitro against Trichosporon spp and the 

delay in starting an appropriate antifungal treat-
ment might have contributed to the fatal outcome 
[14, 15] . Considering also the synergistic activity 
against biofilm, some authors suggest the use of 
voriconazole-amphotericin B combination as a 
potential therapeutic option for T. asahii fungemia, 
especially for patients who are catheter depend-
ent or have risks associated with catheter removal 
[16]. Isavuconazole showed in vitro activity 
against rare yeast species, including Trichosporon, 
Saccharomyces, Geotrichum, Pichia and Rhodotorula 
species, and might be a treatment option in im-
munosuppressed patients [17]. Further clinical 
studies are needed for ACLF patients.
In conclusion, early diagnosis and treatment are 
mandatory in the presence of infections in ACLF 
patients to increase their access to LT. Based on 
patient’s risk factors and in specific patients’ pop-
ulation (including ACLF patients), rare yeasts, 
like Trichosporon spp. should be considered when 
initiating an empirical antimicrobial therapy.
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