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Background: Invasive infections due to Trichosporon spp. are life-threatening opportunistic fungal infections
that require complex clinical management. Guidelines assist clinicians but can be challenging to comply with.

Objectives: To develop a scoring tool to facilitate and quantify adherence to current guideline recommendations
for invasive trichosporonosis.

Methods: We reviewed the current guideline for managing rare yeast infections (ECMM, ISHAM and ASM). The
most important recommendations for diagnosis, treatment and follow-up were assembled and weighted ac-
cording to their strength of recommendation and level of evidence. Additional items considered highly relevant
for clinical management were also included.

Results: The resulting EQUAL Trichosporon Score 2022 comprises 18 items, with a maximum score of 39 points.
For diagnostics, seven or eight items, depending onwhether organ involvement is present or not, apply, resulting
in a maximum of 18 or 21 points. Recommendations on diagnostics include imaging, infectious diseases expert
consultation, culture, microscopy, molecular techniques, histopathology, and susceptibility testing. For treat-
ment, six recommendations with a maximum of ten points were identified, with two additional points for organ
involvement and one point for second-line treatment in uncontrolled disease. Treatment recommendations in-
clude immediate initiation, source control, pharmacological treatment, therapeutic drugmonitoring, treatment
duration and surgical intervention. Follow-up comprises two items with five points maximum, covering follow-
up blood cultures and imaging.

Conclusions: The EQUAL Trichosporon Scoreweighs and aggregates factors recommended for optimalmanage-
ment of Trichosporon infections. It provides a tool for antifungal stewardship as well as for measuring guideline
adherence, but remains to be correlated with patient outcomes.

Introduction
Candida species represent themajority of fungal pathogens en-
countered in hospitalized patients and are a frequent cause of
nosocomial bloodstream infection.1 However, uncommon
yeasts other than Candida and Cryptococcus spp. have
increasingly emerged as pathogens over the last few decades.2

These include infections due to Trichosporon species. These
fungi are common in the environment and may be part of the
normal microbiota of the human skin and gastrointestinal
tract.3–5 In addition, Trichosporon spp. are frequently found to
cause superficial infections of the skin, nails and hair such as
white piedra, a hair shaft infectionmost prevalent in temperate
and subtropical climates.6

© The Author(s) 2022. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the
original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1779

J Antimicrob Chemother 2022; 77: 1779–1784
https://doi.org/10.1093/jac/dkac085 Advance Access publication 23 March 2022

mailto:Oliver.Cornely@uk-koeln.de
https://orcid.org/0000-0003-2457-6437
https://orcid.org/0000-0001-9979-1671
https://orcid.org/0000-0002-9983-6603
https://orcid.org/0000-0001-9599-3137
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/jac/dkac085
https://academic.oup.com/


Particularly in immunocompromised patients, Trichosporon
spp. have garnered increasing attention as a clinically relevant
cause of invasive infection with high morbidity and mortality.7,8

Haematological patients with indwelling central venous access
devices (CVAD), previous exposure to antimicrobial drugs and
prolonged neutropenia are at particular risk.9–15 Besides this well-
defined risk-group, other predisposing factors include corticoster-
oid use and invasive medical procedures such as thoracic and
abdominal surgery in critically ill patients.16 The most common
manifestation is fungaemia.17 In contrast to candidaemia, ap-
proximately half of the reported cases of Trichosporon fungaemia
are associatedwith tissue-invasivemanifestations such asmeta-
static skin lesions, pneumonia, liver and splenic abscesses.17–19

After recent taxonomic revision, the genus Trichosporon now
includes 12 species as identified by sequencing of the intergenic
spacer 1 (IGS1) ribosomal DNA gene region.20 Trichosporon
asahii is the major aetiological agent isolated from blood
cultures, followed by T. inkin, T. faecale, T. asteroides and
T. coremiiforme.2,21,22 In the absence of clinical breakpoints, the
results of antifungal susceptibility testing of these yeasts are dif-
ficult to interpret. Trichosporon spp. are considered intrinsically
resistant to the echinocandins and have variable susceptibility
to amphotericin B.21 The difficulties and attendant delay in diag-
nosis and treatment are illustrated by the high mortality rates of
42% to 87.5% in systemic Trichosporon infections.21,23

The recent guideline from the European Confederation of
Medical Mycology (ECMM) in cooperation with the International
Society for Human and Animal Mycology (ISHAM) and the
American Society for Microbiology (ASM) on the management
of invasive Trichosporon infections provides recommendations
on multiple diagnostic and therapeutic fronts.2 Complexity of
the management of invasive trichosporonosis is reflected in
this document, making it a most useful resource for physicians
and scientists in a variety of clinical settings. However, these
complex recommendations can be difficult to comply with in rou-
tine clinical practice.

In 2018, ECMM introduced the first EQUAL score to quantify
guideline adherence as a surrogate marker of diagnostic and
therapeutic management quality in candidiasis.24 Since then,
EQUAL scores have been published for invasive aspergillosis,
mucormycosis, cryptococcosis, fusariosis, and scedosporiosis/
lomentosporiosis25–29 and have been used in several studies to
correlate guideline adherence with patient outcome.24,30–35

To provide a simplified overview of the key recommendations
for the management of invasive trichosporonosis, we reviewed
the recent guidance document of ECMM, ISHAM and ASM and de-
veloped a guideline-based score that highlights the strongest re-
commendations for patients with invasive Trichosporon infection.
The score can be used to assess guideline adherence in daily clin-
ical practice and for future studies, and is intended to support
antifungal stewardship.

Methods
The global guideline for the diagnosis and management of rare yeast in-
fections uses the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) method to assess the quality of
the evidence (QoE) and determine the strength of recommendations
(SoR).2 To design a scoring tool for invasive trichosporonosis, key

recommendations were selected, summarized and weighted according
to their SoR and QoE.

Each recommendation considered essential to the management of
Trichosporon spp. infections was assigned to one of the categories ‘diag-
nosis’, ‘treatment’ and ‘follow-up’. Additional items that were deemed
highly relevant to clinical management but not specifically mentioned
in the guideline recommendations were also included and weighted.
Score points from 1 to 3 were assigned according to the guidelines grad-
ing and clinical importance for a complete workup. A negative value was
subtracted from the score when an intervention was not recommended
in the corresponding clinical scenario.

Timely, accurate diagnosis directly impacts the prompt and correct
initiation of treatment that is paramount in responding to rapidly progres-
sing disease. Therefore, a higher relative weight reflected by a higher
point score was assigned to the ‘diagnosis’ category of the score.

Results
The EQUAL Trichosporon Score weighs and aggregates items
recommended for optimal management of invasive trichosporo-
nosis. We reviewed recommendations from the current ECMM
guideline regarding diagnostic procedures, treatment choices
and follow-up procedures for Trichosporon spp. infections.

Aswith other rare yeasts, diagnosis depends on a combination
of diagnostic modalities involving imaging and detection of the
organism in clinical specimens (Figure 1). Depending on whether
or not organ involvement is present, seven and eight itemswith a
maximum of 18 and 21 points, respectively, were assigned for
this category.

Recommendations on diagnostic procedures include imaging
of suspected sites of involvement to assess the extent of disease.
Infectious diseases expert consultation should be an integral
component of care for patients with difficult-to-treat invasive
fungal infections and is therefore included in the score.
Microscopy, blood cultures and cultures from other, presumably
sterile material, are the mainstay of microbiological diagnosis
in both fungaemia and deep-seated infections. Direct micros-
copy, including Gram stain, of clinical samples provides rapid
and useful diagnostic information. Growth of urease-positive
yeast colonies exhibiting arthroconidia and blastoconidia
informs the presumptive identification of Trichosporon species.
Identification of the fungus down to the species level is advised
and should be carried out by molecular techniques such as
PCR-based methods, preferably IGS1 sequencing, or MALDI-TOF
mass spectrometry. There are only limited data indicating that
susceptibility can guide effective antifungal therapy. However,
susceptibility testing is recommended to provide data for epi-
demiological surveillance and for the development of epidemio-
logical cut-off values for these fungi. In patients with organ
involvement, conventional histopathology of tissue biopsies
using standard fungal stains is strongly advised for diagnosis.

For treatment, six general recommendation items were iden-
tifiedwith amaximum score of 10 points, with 2 additional points
for organ involvement and 1 point for second-line treatment in
uncontrolled disease (Figure 1).

Immediate initiation of antifungal treatment and source con-
trol such as removal of CVAD or other infected medical devices
are recommended. For initial pharmacological treatment, tria-
zole monotherapy is recommended, with voriconazole as first
choice and posaconazole as an alternative if breakthrough

Sprute et al.

1780



(a)
EQUAL Trichosporon Score 2022

Di
ag

no
si

s
Tr

ea
tm

en
t

Fo
llo

w
-u

p

* 6 mg/kg IV q12h on Day 1; then 4 mg/kg IV q12h for voriconazole OR 300 mg PO 
q12h on Day 1, then 300 mg PO q24h for posaconazole.

(b)
Maximum Score

Without organ 
involvement

With organ 
involvement

Diagnosis

Treatment

First-line Treatment

Second-line Treatment (if 
uncontrolled disease)

Follow-up

Total
Comments
1 32 in second-line treatment
2 39 in second-line treatment

Immediate treatment ini�a�on
Consider source control, e.g., catheter removal
1st line treatment
Triazole monotherapy: Voriconazole, posaconazole in BT-IFI on

voriconazole*
Echinocandin monotherapy
Therapeu�c drug monitoring, if azole treatment
2-week treatment if fungemia only, ≥4 weeks if organ 

involvement
Organ involvement
Surgical debridement of infected body sites, if applicable
2nd line treatment (if uncontrolled disease)
Concomitant therapy with triazole and polyene

Blood cultures un�l nega�ve on 3 consecu�ve days
Organ involvement
Imaging of infected body sites: Weekly in acute disease, 
monthly in chronic disease

2

Imaging incl. CNS to document the extent of disease
ID and/or mycological reference laboratory consulta�on
Direct microscopy including Gram stain of clinical samples
Culture from blood, other sterile fluid, or �ssue + urease test
Iden�fica�on to species level by PCR (IGS1 sequencing)
Iden�fica�on to species level by MALDI-TOF MS
An�fungal suscep�bility tes�ng
Organ involvement
Histopathology of affected �ssue using fungal stains

3

3

3

3

2

2

3

2

1

1

2

2

2

-1

3

3

2

10 12

11 13

38234
(36)
311

3 5

18 21

Figure 1. EQUAL Trichosporon Score 2022. (a) Items and score points reflecting guideline recommendations, and (b) the maximum score achievable
depending on disease complexity. BT-IFI, breakthrough invasive fungal infection; IGS1, intergenic spacer 1 region.
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infection has occurred during voriconazole administration.
Combination therapy with azoles and polyenes is poorly sup-
ported. Considering the intrinsic resistance of Trichosporon spp.
against echinocandins, their use is neither recommended as
monotherapy nor in combination with other agents.

Voriconazole and posaconazole serum concentrations have
non-linear pharmacokinetics and are further influenced by differ-
ent host factors. Therefore, plasma drug levels should be mea-
sured by therapeutic drug monitoring.36 The duration of
pharmacological treatment is empirical and should be individua-
lized depending on the extent of infection, the organs involved,
and ongoing immunosuppression. It appears reasonable to con-
tinue treatment for 2 weeks after the last negative blood culture
in patients with fungaemia only. In disseminated diseasewith or-
gan involvement, imaging such as PET/CT scan can aid decision-
making. Treatment should be continued for at least 4 to 6 weeks
and until resolution of clinical and radiological findings.

In patients with tissue-invasive disease that may benefit from
removal of infected tissue, adjunctive surgical treatment should
be considered. For trichosporonosis, this is particularly relevant in
cases with endocarditis or endophthalmitis. In uncontrolled dis-
ease under initial triazole monotherapy, second-line treatment
should be a combination therapywith azoles and amphotericin B.

Follow-up consists of two items with a maximum of 5 points
(Figure 1). Blood cultures should be repeated regularly until nega-
tive cultures have been documented for three consecutive days.
Follow-up imaging of infected body sites should be performed at
appropriate intervals, e.g. weekly for acute and monthly for
chronic disease, to monitor organ involvement.

Overall, the EQUAL Trichosporon Score 2022 comprises 18
items (Figure 1). The maximum achievable score ranges from
31 to 39 points and depends on the individual patient course.
The score is higher in patients with organ involvement and in
those with uncontrolled disease, reflecting more decision points
and higher complexity of case management.

Discussion
The EQUAL Trichosporon Score 2022 is an 18 item assessment
tool, derived from the current guideline document of ECMM,
ISHAM and ASM and also measures quality of care in invasive tri-
chosporonosis. From the guideline, we weighed the strongest re-
commendations on diagnosis, treatment, and follow-up. The
scorewas created using the samemethodology as used for other
EQUAL scores25–29,37 and provides an assessment tool for physi-
cians. It will further serve as a basis for studies correlating guide-
line adherence with patient outcome.

To reduce mortality in hosts at risk, appropriate antifungal
prophylaxis is an important tool.38 In contrast to other EQUAL
scores,26,37 antifungal prophylaxis was not taken into account
in this EQUAL score. Pharmacological prophylaxis measures
must be justified from a medical and economic perspective and
Trichosporon infections remain too uncommon for specific anti-
fungal prophylaxis recommendations. However, general recom-
mendations for prophylaxis in high-risk patients should be
followed.38

The main objective of trichosporonosis management must be
to establish the diagnosis promptly and reliably. Incomplete
diagnostic work-up, such as delayed testing or failure to order

the appropriate assays, can significantly delay correct and imme-
diate treatment initiation.39 Therefore, the EQUAL Trichosporon
Score is focused on accurate diagnosis, with the category ‘diag-
nosis’ accounting for 18 of 31 points without organ involvement
and 21 of 38 points in case of organ involvement, respectively.

Consultation of infectious diseases specialists has been shown
to improve the outcome of patients with candidaemia and
cryptococcosis.40,41 We believe that this also applies to rare yeast
infections and have therefore implemented infectious diseases
consultation as an integral part of the clinical care of
trichosporonosis.

Currently, there are no clinical breakpoints to accurately inter-
pret antifungal MICs for Trichosporon spp.22 Therefore, the results
of susceptibility testing must be interpreted cautiously with re-
gard to their clinical significance. However, in vitro susceptibility
testing can provide insight into the epidemiology of
Trichosporon infections such as the emergence of non-wildtype
isolates and may be useful to clinicians in situations where first-
line antifungal treatment fails.

Treatment of invasive trichosporonosis is based on three main
aspects: Source control such as catheter removal and surgical de-
bridement to reduce fungal burden, systemic antifungal treatment,
and control of underlying risk factors such as neutropenia. Timely
administration of targeted antifungal therapy is a critical compo-
nent that impacts on disease outcome, and we therefore assigned
an item for immediate initiation of treatment.39 Clinical data have
shown that treatment with triazoles improves outcomes in com-
parison with other regimens.18,42 The superiority of combined ther-
apyovermonotherapy in the treatment of trichosporonosis has not
been demonstrated. Therefore, it is recommended that combin-
ation treatment be reserved for salvage therapy if initial triazole
monotherapy fails. Combination therapies with echinocandins
and triazoles are discouraged. However, in the absence of rando-
mized clinical trials, therapeutic concepts aremostly based on sus-
ceptibility data, animalmodels and case series. Therefore, the total
achievable score for treatment is rather low compared with
diagnostics.

One of the main uncertainties pertains to the duration of
treatment. It is recommended that treatment should be contin-
ued for 2 weeks after documented clearance of Trichosporon spp.
from the bloodstream in the absence of metastatic complica-
tions, but treatment should be longer in cases with organ involve-
ment. These recommendations are transferred analogously from
the management of candidaemia.43 Individualized prolonged
therapy may be required.

Judicious follow-up is mandatory as it identifies refractory dis-
ease and determines the duration of treatment. Although re-
sponse assessment is recommended in the current guideline
from ECMM, ISHAM and ASM, it does not elaborate on how this
should be done. The greatest uncertainties relate to the timing
of follow-up imaging and treatment cessation. We therefore
added two general recommendations for these invasive infec-
tions: (i) blood cultures until negative for three consecutive
days; and (ii) weekly or monthly follow-up imaging in cases of
acute or chronic organ involvement, respectively. Both aspects
are not specifically addressed by studies, but recommendations
are based on expert consensus.

The EQUAL Trichosporon Score must only be used with aware-
ness of its limitations. These include the lack of comprehensive
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clinical trials in this rare disease and thus the lack of high-quality
evidence for guideline recommendations. Whether a high score
correlates with outcome in the clinical setting needs to be ex-
plored. The validity and ultimate utility of the proposed scoring
systemwill be determined by evaluating this correlation in future
studies. The score is applicable only in situations where treat-
ment intent is curative and not in patients whose treatment is
limited to best supportive care. Finally, new antifungal agents
with activity against Trichosporon spp. are in late-stage clinical
development.44 The development and approval of novel diag-
nostic procedures and antifungal agents will require an update
of the EQUAL Trichosporon Score to reflect upcoming innovations.

Conclusions
Guidelines are fundamental for evidence-based medicine.
Nevertheless, following guidelines can be challenging in daily
clinical practice. With the EQUAL Trichosporon Score, we aim to
provide treating physicians with a tool for quick and easy assess-
ment. In addition, the score will facilitate antimicrobial steward-
ship and comparability between health care facilities. It will also
provide a basis for future studies evaluating the impact of guide-
line adherence on patient outcomes.
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