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Abstract

Purpose of Review Infections caused by uncommon or rare mould pathogens often complicate the management of lung trans-
plant (Tx) recipients contributing to high mortality. This review explores the epidemiology, diagnosis, and management of
Scedosporium and Lomentospora (S/L) infections in lung Tx recipients as well as highlighting constraints in the current man-
agement and areas for future research.

Recent Findings The number of reported S/L infections remains low among lung Tx recipients whilst the diagnosis and treatment
of S/L infections remains challenging. The very few studies which evaluated clinical characteristics, prognostic factors and
treatment outcomes of lung Tx patients with lomentosporiosis and/or scedosporiosis were limited by single-centre and observa-
tional study design.

Summary The requirement to standardise surveillance and culture procedure for S/L infections in lung Tx remains. Better
diagnostic tools and antifungal agents are needed to manage S/L infection in this patient cohort. Prospective clinical registries
or online databases for lung Tx recipients with these rare mould infections are essential to refine disease management and to

improve clinical outcomes in the future.
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Introduction

Infection is the leading cause of mortality during the first post-
transplantation year in lung transplant (Tx) recipients, ac-
counting for 33.0% of deaths [International Society for
Heart and Lung Transplantation (ISHLT)] [1]. From 1995 to

This article is part of the Topical Collection on Fungal Infections in
Transplantation

>< Monica A. Slavin
monica.slavin @petermac.org

Faculté de médecine et pharmacie, Poitiers, France; CHU Poitiers,
Service de maladies infectieuses et tropicales, Univ Poitiers, Poitiers,
France; INSERM U1070, Poitiers, France

The National Centre for Infections in Cancer, Peter MacCallum
Cancer Centre, Melbourne, Victoria, Australia

Centre for Infectious Diseases and Microbiology Laboratory
Services, Institute of Clinical Pathology and Medical Research, New
South Wales Health Pathology, Westmead Hospital, Sydney, New
South Wales, Australia

The University of Sydney, Sydney, New South Wales, Australia

2018, a total of 63,530 adult patients underwent lung trans-
plantation [1]. Among the 1173 lung Tx recipients from 11
solid organ Tx centres in the USA, 143 (12.0%) developed
invasive mould infections [2], with a 3-month all-cause mor-
tality of 21.7%. Aspergillus spp. ranked first as the agent re-
sponsible for invasive fungal disease (IFD), and
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Scedosporium spp. ranked second [2]. Data from 17 US Tx
centres between 2004 and 2007 indicated that lung Tx recip-
ients were at greatest risk for scedosporiosis compared to other
organ Tx recipients [3]. More specifically, Lomentospora
prolificans as well as Scedosporium spp. have emerged as a
life-threatening organism in lung Tx setting. Indeed, this sap-
rophytic environmental fungus is frequently found as a
colonising mould in the lower respiratory tract (LRT) of cystic
fibrosis (CF) patients, and constitutes a major risk factor for
disseminated fungal infection after lung transplantation [4]. Of
note, CF is the third leading indication for lung Tx (15.0%)
[1]. Since the management of IFD in lung Tx may vary greatly
from one centre to another [5], the aim of this review is to
provide an update on Scedosporium or Lomentospora (S/L)
epidemiology, diagnosis, and management in lung Tx
recipients.

To identify the relevant literatures, PubMed search using
search string such as “Scedospor* OR Lomentospor* AND
Lung transplant*” was conducted; the latest search was in
December 2020. Studies which did not provide detailed case
descriptions or information on the management of invasive
scedosporiosis or lomentosporiosis were excluded. We also
excluded cases that were merely S/L colonisation or fungal
ball, or cases which focused on the management of side effects
in relation to the use of antifungal agents rather than the dis-
ease management of scedosporiosis and lomentosporiosis.

Epidemiology, Risk Factors, and Clinical
Features for S/L Colonisation and Infection

Regional Distribution Disparities for Scedosporium
and Lomentospora spp. (5/L)

Since 2014, following molecular biology-based updates in
taxonomy, the genus Scedosporium has comprised 10 species:
S. aurantiacum, S. minutisporum, S. desertorum,
S. cereisporum, S. dehoogii, S. angustum, S. apiospermum,
S. boydii, S. ellipsoideum, and S. fusarium. The last five spe-
cies are re-grouped in the S. apiospermum complex.
Scedosporium prolificans is now L. prolificans, and is a genus
apart [6]. The change in classification has led to difficulties in
interpreting the literature on scedosporiosis, with probable
misclassification of species in epidemiological studies.
Worldwide distribution of this fungal species could conse-
quently be more accurately described from 2014. S/L are soil
saprophytes found in areas of high-density population with a
decreased gradient from city centre to suburban area [7].
Scedosporium spp. found in environmental samples is not
always retrieved from patients’ respiratory samples. For in-
stance, while S. dehoogii is frequent in soil sample from
Western France, it has never been described as a colonising
agent in CF patients [4]. Some authors suggest that
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S. aurantiacum is more virulent than S. apiospermum com-
plex and as virulent as L. prolificans [8]. By contrast,
S. minutisporum is present in soil and clinical samples in
European countries such as France, The Netherlands, and
Austria, but was not found in Australia [9, 10].
L. prolificans is mainly found in Australia, Spain, and the
southern USA [11]. L. prolificans is the only Lomentospora
species that causes diseases in humans.

Lower Respiratory Tract (LRT) Colonisation with S/L

In lung Tx setting, colonisation and infection may occur with-
in two different periods: pre-Tx and post-Tx. There are few
data regarding pre-Tx fungal colonisation rates at different
times after registration on waiting list for Tx in comparison
with post-Tx colonisation rates [12]. Bronchial colonisation is
seldom detected prior to lung transplantation as 57.0% (8 of
14) of patients with mould infections in their explanted lungs
were not diagnosed or suspected before transplantation [13].
In addition, 43.0% of 304 lung Tx recipients with mould in-
fections of the explanted lungs developed IFD post-Tx [13].
Knowledge about the prevalence of prior fungal colonisation
in lung Tx candidates remains limited [12].

Nevertheless, epidemiological studies on CF patients may
provide an overview of S/L colonisation before Tx. S/L are the
second most frequent colonising fungi after Aspergillus spp.
found in CF patients [14—17]; 3.1 to 15.9% being colonised
[14, 17-23]. Despite antifungal treatments, CF patients can be
colonised with the same genotype for years [24, 25]. An as-
sociation between the use of inhaled antibiotic and occurrence
of S/L colonisation in paediatric CF patients has been reported
[21]. Another study on risk factors for colonisation in 161 CF
patients found that younger age, more allergic
bronchopulmonary aspergillosis, more Pseudomonas
aeruginosa colonisation, and less colonisation with
Haemophilus influenzae are associated with S/L colonisation
[26].

S/L colonisation in other chronic respiratory diseases lead-
ing to lung transplantation is less widely studied. One hypoth-
esis is that less LRT S/L colonisation is seen in chronic respi-
ratory diseases other than CF. In an Australian study including
137 lung Tx recipients, 81 (59.1%) had at least one mould
grown in pre-Tx respiratory samples, more commonly in sup-
purative diseases than in COPD and interstitial diseases
(91.0% vs 44.1%, respectively, p < 0.001) [27]. In a French
study over a 14-year period, none of the 84 patients with
chronic respiratory diseases other than CF were colonised in
pre-Tx with S/L, whereas there were 14 (7.4%) of 187 CF
patients [28]. This study also reported the impact of pre-Tx
colonisation with S/L. All but one patient colonised with
S. apiospermum was cleared of S/L LRT colonisation with
antifungal prophylaxis, thereby suggesting efficacy [28].
This result was confirmed in another study where 75.0% of
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patients cleared their LRT colonisation when treated with an-
tifungal agents at 6 months after Tx [29].

In an international practice survey, half of the lung Tx
centres (20/42; 48.0%) had more than one candidate colonised
with S/L per year [30e¢]. However, only seven centres de-
clared having more than one recipient infected with S/L per
year. Progression from colonisation to infection raises ques-
tions. Even with immunosuppressive drugs, some lung Tx
recipients will not develop invasive disease, although S/L
can be cultured from pulmonary samples for years [31].
Colonisation is consequently not predictive for scedosporiosis
[32]. This may differ between Scedosporium and
Lomentospora. Out of 14 CF patients with S/L colonisation
in pre-lung Tx, only one colonised with Lomentospora devel-
oped lomentosporiosis [28]. L. prolificans is known to be
more associated with invasive disease than Scedosporium
spp. in malignancy setting [33]. In 10.0% of lung Tx centres
in 2017, detection of bronchial colonisation with
S. apiospermum complex before transplantation remained a
contraindication to transplantation while L. prolificans colo-
nisation was a contraindication in 31.0% of the lung Tx cen-
tres surveyed [30e°].

Post-Tx S/L colonisation may appear from 2 days to 5 years
after lung Tx [28, 31, 34, 35]. Endobronchial abnormalities
such as stenosis with ischemia and bronchiolitis obliterans
syndrome may enhance the development of scedosporiosis
after lung transplantation [31]. Clearance of the fungus may
be impaired by obstruction of the small airways. Out of 303
lung Tx recipients, seven (2.3%) diagnosed with either bron-
chiolitis obliterans syndrome or ischemic airway stenosis, had
S/L cultured from bronchoalveolar lavage fluid [31]. In a
Spanish study, respiratory samples were positive for non-
Aspergillus moulds at some time after lung Tx in 70
(16.9%) of 412 patients [36]. Among them, S/L were found
in 12 patients. Despite antifungal prophylaxis, one of the 12
post-Tx colonised patient developed scedosporiosis. In a
Canadian study of 75 lung Tx patients, 85 isolates of non-
Aspergillus moulds including six Scedosporium spp. were
identified from bronchoalveolar lavage fluid [34]. Despite
strains isolated being resistant to antifungal prophylaxis, no
patients with Scedosporium isolates developed an invasive
infection. Another concern is bronchial colonisation of the
donor lung. If the donor is colonised with S/L, fungi could
reactivate after lung transplantation [33]. S/L can be transmit-
ted to the recipient through the graft leading to invasive infec-
tion [37].

Infection Post-Tx

The incidence of scedosporiosis post-Tx may vary between
countries but is low. Multicentre studies are nonetheless lack-
ing. In a US single centre, only two cases out of 815 (0.2%)
lung Tx recipients had scedosporiosis over 7 years [38]. In

another US single-centre study, 6 out of 944 (0.6%) patients
had scedosporiosis over a 10-year period [29]. In Western
Australia over a 13-year period, 134 patients received lung
Tx and three (2.2%) developed S. apiospermum complex in-
fection [27].

Various clinical manifestations of the S/L infections have
been described in lung Tx recipients. Fever is almost always
present even though signs are non-specific [39+, 40]. When
localised in the lungs, infection can lead to respiratory failure.
Pulmonary radiological features are usually tree-in-bud
micronodules, bronchus thickening, macronodules with or
without cavitations, ground glass opacities, pleural effusions,
and hilar lymph nodes with or without necrosis [41].
Bronchial obstruction is uncommon [42]. In disseminated in-
fections with or without fungaemia, almost all organs can be
affected, including cases of endocarditis, osteoarthritis,
epididymo-orchitis, mycotic aneurysm, and fungus ball in
the urinary tract [39+e, 43—48]. Infection on prosthetic material
could also occur [43]. Endophtalmitis and retinitis leading to
vision loss is common [43, 46]. Dissemination may occur in
almost 50.0% of infected patients, thus complete work-up
with central nervous system (CNS), eyes, heart, abdomino-
pelvic examination should be performed when scedosporiosis
or lomentosporiosis is suspected or diagnosed [32]. 18F-FDG
positron emission tomography-computed tomography can be
useful to screen for distant foci of infection [49-51]. Both
dissemination and CNS involvement are linked with mortality
in Tx recipients, and the mortality rate is close to 100% in lung
Tx recipients [39+¢, 52—54]. Infection with L. prolificans is an
independent predictor of death [32].

Diagnosis

Several factors might influence the identification of colonising
S/L in lung Tx setting. First, the type of samples and frequency
of sampling needed to optimally screen for S/L is not well-
defined in the pre-Tx period [12]. It seems important to per-
form fungal culture from donor’s lungs and candidate’s
explanted lungs at the time of Tx through bronchial secretion
aspirates or bronchoscopy. In the post-Tx period, bronchoal-
veolar lavages are performed on a regular basis, with protocols
varying between centres. Second, although S/L grow well on
standard fungal media such as Sabouraud dextrose agar
(SDA), cultures must be prolonged with incubation tempera-
ture of 25 °C to 35 °C [55]. An incubation time of 16 days
allows detection of a sizable portion of S/L isolates in CF
patients, since 67.0% of them need 16 days to grow [56].
Third, the presence of Aspergillus spp. in the same sample
hampers S/L growth. Using semi-selective media containing
benomyl, cycloheximide, or amphotericin B could improve
S/L growth. For instance, SceSel+, benomyl-containing medi-
um, improves S/L detection [19]. Benomyl is fungicidal for
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Aspergillus, Fusarium, Cladosporium, Penicillium, or
Paecilomyces, allowing the growth of naturally resistant S/L.
In CF patients, 90.6-100% of isolates cultured on SceSel+
medium are detected vs. 37.5-46.9% cultured on SDA [15,
18, 57]. Another semi-selective chemically defined medium
containing benomyl, Scedo-Select III, has been tested on
S. apiospermum complex [58] where it has shown higher ef-
ficiency to detect S. apiospermum complex than SceSel+ [58,
59]. Media such as SDA with added gentamicin at 30 °C,
inhibitory mould agar, or Brain Heart Infusion agar have been
used to screen for S/L, and were more effective than bacterial
culture media, which detected only 15.0% of S/L [60]. Finally,
the lack of standardisation of culture media may bias S/L de-
tection [61]. A French group has implemented a protocol
through a multicentre study to improve screening
standardisation of sputum examination in CF patients [56].
The authors proposed mucolytic pretreatment of sputum, plat-
ing on four semi-selected culture media, and reading the plates
twice a week over 16 days. This protocol can increase the
sensitivity of detection up to 100% for some fungi including
C. albicans, A. fumigatus, S. apiospermum complex, and
Exophiala spp.

In the event of infection, S/L may be isolated from blood
cultures although haematopoietic stem cell Tx recipients are
more likely to have fungaemia than solid organ Tx recipients
[52]. As the case for other fungi, (1-3)-beta-D-glucan is more
useful in ruling out IFD than in confirming the diagnosis. It
may nonetheless be positive during scedosporiosis [62—64].
No other specific biomarkers exist so far.

Direct detection of S/L in clinical specimens may be en-
hanced using molecular methods [65¢¢]. Of note, validation
studies on panfungal polymerase chain reaction (PCR) includ-
ed very few S/L specimens and targeted multiplex PCR are not
used in clinical setting yet. Panfungal PCR could be used to
directly detect S/ in LRT specimens although its sensitivity is
lower than that in sterile body fluids [66]. Regarding fresh or
formalin-fixed, paraffin-embedded tissue, the diagnostic yield
of fungal molecular methods depends on (i) type of biopsy,
with open biopsy having higher diagnostic yield compared
with core-needle biopsy or fine needle aspiration; (ii) positive
histopathology examination [67]. Thus, PCR is a useful ad-
junct to culture. Mycobiome sequencing and analysis by next-
generation sequencing-based methods on LRT specimens are
a promising diagnostic tool [68].

Treatment and Management for S/L Infections
in Lung Tx Recipients
Lomentosporiosis

From 2005 to 2019, 10 cases of Lomentospora infections in
lung Tx recipients were reported in 4 single case reports [42,
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48, 69, 70] and 4 case series/studies [29, 71-73] (Table 1).
L. prolificans accounted for all cases except one co-infection
with S. apiospermum which involved lung, pleural fluid, and
mycotic emboli [70]. Two were disseminated Lomentospora
infections, with eye, lung, heart, jejunum, kidneys [69], medi-
astinum, and sternum [29] involvement. Other reported
Lomentospora cases presented with pneumonia [29, 42, 72,
73] (n = 5), pericarditis with mycotic aneurysm [48] (n = 1),
and sinusitis [71] (n = 1). Colonisation with the same fungal
spp. (i.e. L. prolificans) pre- and post-lung Tx was document-
ed in only one and two patients, respectively. Time to
lomentosporiosis ranged from 21 days to 14 years post-lung
Tx.

The most frequently used first-line antifungal treatment for
lomentosporiosis was voriconazole-based combination thera-
py, with either terbinafine (n = 3) [29, 69], or terbinafine and
caspofungin or micafungin (n = 3) [48, 71, 73]. This is be-
cause all currently available antifungal agents exhibit high
minimum inhibitory concentrations (MIC) against
L. prolificans [84]. Intravitreal AmB and intravitreal
voriconazole were used in one of the disseminated diseases
with ocular involvement [69]. Nebulised and intrapleural
voriconazole have also been administered in addition to sys-
temic voriconazole, terbinafine, and caspofungin in a dissem-
inated infection with lung and pleural fluid involvement [70].
The use of posaconazole and anidulafungin, with or without
nebulised, intrapleural voriconazole, and nebulised LAmB as
second-line antifungal treatment was reported in two cases
[70, 71]. In a patient with a bronchial obstructive lesion, in-
stillation of endobronchial topical AmB thrice weekly after
bronchoscopic curettage in addition to systemic voriconazole
was employed as second-line therapy, with the frequency re-
duced to every 3 months for the next 2 years of treatment [42].

To improve the treatment outcomes, surgical interventions
such as vitrectomy, pericardiectomy, sinus surgery, and wash-
out or daily irrigation of dilute acetic acid were also reported
in several cases [29, 48, 69, 71]. In the patient with mixed
disseminated S/L infections, unsuccessful adjunct therapy
with miltefosine was reported [70]. Only two cases reported
therapeutic drug monitoring (TDM) for voriconazole [48, 70].
All three patients with disseminated S/L infection died [29, 69,
70] while the other two patients who died were those with
either pneumonia [29] or pericarditis and aneurysm [48]; only
one death was attributable to IFD. Inconsistency in reporting
time to death was noted across these cases [i.e. death occurred
at 245 days post-lung Tx (n = 1), at 9 months post-IFD (n = 1),
not clearly stated (n = 3)].

The recent global clinical practice guideline by the
European Confederation of Medical Mycology (ECMM)
in cooperation with the International Society for Human
and Animal Mycology (ISHAM) and American Society of
Microbiology (ASM) has strongly recommended using
combined voriconazole and terbinafine therapy as first-



53

Curr Fungal Infect Rep (2021) 15:49-66

XL 13500 SUOW UMLIDAS 01D § N AN LS (AdOD) XL1o[urs .1
Juo (uorsuapadAy
-stupaid/outidory Areuownd
-1eZ\//SNWI[OIJB], J[OqUIDOqUIOIY)
X1 T4s0d syjuour g 10]021s8.104. Y/ “winusiadsodn § AN AN /Sy duoIyd) X[T9[qnop T [€¥] ,(L00T) ‘T8 10 1yes
xITs0d syyuour [ updog -q AN AN AN /0T (D) XLT91qnop °1
X T-sod stpuow 4 updoq g AN AN AN /LS (AdOD) XL ous ‘|
(uorsuapradAy
Areuowng)
X1 T-1s0d sypuour 6| updoq g AN AN AN /S xp1e1qnop <1 [1¢] (6002) Te 10 neys
(wn (p112
-utiadsordp -g) -1Y282]]pNasq/uniiodsopads) QUOSIUPaI] [es]
x11-s0d 0L K updoq - punutidsoidn g A A /AN /snujoroe], d/LE (D) X1 91qnop ‘| (0102) 'Te 12 oL
[LL]
x1/1-¥s0d sypuowr g ~ updoq g AN AN AN AN (@doD) XLT1:1 (1107) e 1 Aysiqese],
qe
-WIXI[ISEE/AUO[0
-stupa1d{AyioIN/ g
(Asdoyne) SUDLOATUIX0J02AUt UOL0dSOYILL] -INJA/SDUWI[OI0R |, (dD) XL [oL]
x]14s0d g7 Aeq pue smp3nun/ snjjs.iadsy ‘wnudsoldp g AN N IN/SE  IOAI] pue X ] 9[qnop <] (Z102) ‘T8 1 WyosIuH
qeur
-XI[ISEg]/SPIOI0)SO
(wn -ono0)/punidoryye
-uLiadsordp g) -Zy/outi0dso[oA) [s2]
X1/ 7-¥s0d sypuowr ¢ 'dds vpipun) ‘wnutiadsoidn g A AN d/Le (D) XLT21qnop 1 (T102) '[8 12 IP[eNA
(wun
-utiadsordp -g)
xp180d 06 Ke@ suvoifijod 7 A AN AN 4/9T (4N XLT°1
(wn
-uLiadsordp -g) [62]
x119s0d g1 Aeq “dds sndozupy ‘wnuiadsordn g A AN AN /v QIN) XLT:1  o(#107) '[e 30 uosuyor
av
2 sisoiqyy Areuownd
argredorpy) [#6] (#100) T8 30
x]T4s0d 87 Ke(q *dds winiiodsopn)) ‘wnutiadsordp g AN AN AN W/29 X]79[qnop <[ uosdwoy ] -edure)
auostupald [oz]
x1T4s0d o¢ Keq suvoifijosd viodsojuouio] ‘wnuLiadsordp g AN (wnuiiadsordp ) x /snuurjoIoe], W/LZ (D) XI7T91qnop 1 (9107) ‘Te 19 urpuefeg
(un
-uLiadsordp g) [sy]
X1/ 7-¥s0d sypuour ¢ wnuLiadsordp g A (wnutiadsordp ~g) X AN A/€€ ) XLT'T (8100 T80 BPQY
[L7]
X 14s0d 667 Ae@ xo[dwod winutiadsordn g AN AN AN AN (@ xL198ws ;7 (6107) T8 10 Suey)
JuojosIupald/J
“INA/SOWH[0108 ], [¥L]
x11780d 09 Aeq wnuiadsordp g N (wnu.adsordp wniiodsopasrg) A A/81 (D) XIT121qnop <1 (6107) e 1 usueleed
SUOIIQJUI PAJRUILIASSI(]
Adexay X1
x]T-150d uononpur/sjuade 210Joq UONIPUOD
0.4J07/0padg [CRIRD) UOTJESIUO[0D X/ T-91 UOT)BSIuo[0d aarssarddns X1 1joown  Suipopun Arewrd)
JO 91e[OSI ISI1j O} UL ], “dds sn3unyq 0.4J07T/0padg /04JOT/0Opa0g  -ounwuwl [eniu] Y je opuadeldy  uonendod jusned (TeaK) J0UINY

(so1pmys 1o ‘sauias ‘sprodor aseo) syuardioar juejdsuen Suny ur sisorrodsopads pue s1soLIodsojuswo] Jo Areuruing

L 3qeL

pringer

Qs



Curr Fungal Infect Rep (2021) 15:49-66

54

X1 Ts0d s1eak 1

X T-s0d s1eok g
x1T4s0d 67 Ke(q

xTs0d [¢ Keq

x]180d [z Aeq

x17s0d €86 e

x7180d 1¢9¢ Aeq

x] T4sod

SYIUOW § PUE SIBOA 7

Xx]T1s0d s1eak ¢

xT3s0d 61¢ e

X1 T50d syeom 7

X 1-3s0d s1eok ¢

x]T4s0d 17 Aeq

X T3s0d syoom ¢

x]180d €6 Aeq

x]1Is0d
sypuout 9 s1edk

X T3s0d syoom 4

suvoifijosd T

suvoifijosd T

Sn022D.AY20 Y ‘winutiddsordn

winutiadsordp

wnutiadsordp

xo[dwoo wnuLiadsordnp

xo1dwod 231U

'Y ‘smpdnuny 'y xojduiod winuLiadsordp

winutiadsordp

winutiadsordp

wnuLiadsordp

wnutiadsordp

wnuiadsordp

S

S

s

N

N

N

s

S

suvofijosd T

winutiadsordp

nupdoq “gunuiiadsordp

wnuiadsordp

vI04qDI3 *) ‘winuLiddsordnp

S

N

S

S

AN

AN

AN

AN
(un
-utiadsordp -g)
A
AN

AN

AN

(wn
-uLiadsordp -g)
A

AN

AN

(suvarfijosd “T) X
(wn
-uLiadsordp g)
A

AN
(un
-uLiadsordp g)
A

AN

AN

AN

AN

(wnutiadsordp ) X

(wnutiadsordp “§) X

(wnuiiadsordp ~§) X

(wnuiiadsordp °§) x

AN

AN

(wnutiadsordp “§) X

AN

(wnutiadsordp ) X

AN

QUOJOSTUPaI]

JANIAL /SntjoIde ],
SPIOIAJSOTNO))

/ANIAL /Snutjo1og],
SPI0JA)SOdIO0))/
-JNJA/SOUWIT[OIOB T,

SPIOIAISOIO0))/
-JNJA/SNUIT[ 01O T,

AN

AN

QuosIupa1d/ ]
-NA/SnUI[010R ],

Quo[OSIUPaAId/]
-NA/SnUII[010R ],

qeuwurxijised,s
-PI0I)SOOIIO)) /]
-INJA/SNUIT[0JOB T,

SPIOI9)S /SNUITOIOE ],

JININ /snutjoroe ],

AN
SpI012)S
Joundonyezy

/snurjoIoe],
qeuuixijiseq
/oUO[OSIUPaI]
JANIN

Junodso[oh)
QUO[OSI
-upaid/oundorye
-z /ouL10dso[oA)

suosIu
-poI/SNUI[OIoR ],

QuosIupa1d/
-NA/SnWI[010R ],

AN

/508

W/TE

/65

d/LE

AN

AN

4/91

/81

/1T

N/0€

4/¥9

4/9¢

4/9T

/€9

W/LS

4/61

(dD) XLT°1
(uorsuapradAy
Areuownd
orgredorpy)

X1T91qnop ‘|

(dD) X177 91qnop *1
(ewrasAydwig)
XLT9Iqnop *]

(4D) XLT9[qnop <[
(AHD) XLTH ‘1

(@dod) XL ToI8us 1

(dD) XLT 91qnop ‘1

(D) XLT91qnop *1

(1D) XL 91qnop <[

(D) X177 91qnop °1

(s1so1quy Areuownd

argredorpy)
XITO[8US ‘]

(dD) X177 91qnop °1

(dD) XLT 91qnop ‘1

(ewosAydury)
X171 9[3urs ¢

(spruowmnoaud
[ennsiopul

[ensn) X7 o3urs |

(D) XLT 91qnop ‘1

[€£1(8100) 'Te 10 s3yuor

[zp]

(8107) 'Te 19 owonN

[18] (8102) 'Ie 1 aj0S

[LZ]
(6102) '[e 1 Suey)
Areuowng

[08] (1107) Te 32 3T

[sel

(S107) e 3 uoswoy,

[Lv]

(9107) ‘& 10 uoyuag

SUONIJJUI U0

[ov] (2002)
‘Te 30 TuorSnse)

[6L]

(2007) 1501 pue fey

[69]
(S007) 'Te 1 yogeA

[8.]

(9007) Te 10 SuROWAS

[ov]
(9002) 'Te 1 s

(ponunuoo) 1 3[qe],

pringer

Qs



55

Curr Fungal Infect Rep (2021) 15:49-66

AN AN AN ON AN (sous oy AJ1oads Jou) pajeurtuassi( mo
punom [eorgms g
Surzoo ‘swojdwAs a,
[eo130j01ndU i
X1 T4s0d quy ‘SUONRIAOIN @ _
s1eak 4 Je pasejdor pasingau YIm sa[npou
ou 1M uonnjosal [juoul | JIOJ SUISOJ)[IW PIPPE UddMIOq ‘ao urys [nyured ‘3of 0} [¥L] (61020)
9)01dwod Al TIOA WAL AN Ul udy ‘syuow G¢ 10y g Sw 00€—00Z TIOA 8w 05 OdSYD  parerper uted yoeq 1oddn  punom [ea1Sins ‘Sun| ‘sajnpou urys ‘e 19 uouelee
SUOIIJUI PARUISSI]
[CEII
Jo sisouerp
2I0Joq
SEYNEREN (s)uonejsajruewr
sixe[Aydoxd [eO1UI[D IO 0.4JOT
AwodNQ) helile) UONUAIIUT [BO13ING Aderoy) ooueusiurew [eSunynuy [eSunynuy swoydwAs renruy /Opaag 10J AJe[OSI JO (S)ANS (TeaK) J0UINY
QuOSIUPAl/
-JNJA/SnuarjoIde |,
X[ T4s0d squour ¢ wnuiadsoid g AN AN IN/S0S (@doo) x11:1 [€8] (#102) 'Te 12 noos
unis
qeIxiyrs
-Bg/QUOSIUpaL ]/ (s1s01qy Areuownd
“INA/SUI[OI9E . agredorpy) [8+]
X[ T4s0d sqyuowr supoyfijoad 7 - (supoifijod ) X AN A/0L X177 91qnop ‘| (€107) 'Te 10 yekes
wisAIndue /SHIPIEOLId]
[L2]
X1 1-3s0d tpuour | updoq d AN AN AN AN D) XLT:1 (1102) T8 19 Aysiqere],
IenoQ
(owoIpuAS
X T4sod sypuowr ¢ wnutiadsordp - AN AN AN A/SE S.99MG) X]T d[qnop <[ [12]
X1 T4s0d s1eak | supoifijosd -7 AN X1/7-a1 10§ (suvoyfijoud ) X AN W/0t (D) XL'TO[qnop T (610T) T 10 90UAIO ]
snisnuts
unqo|3
JhoowAynue
nqqer
oUOoSIUpal] (QWOIPUAS
(wn soundory s JoSuouuasiy
-utadsordp -g) -JBZY//SNWI[0IOB ], pue S[9SSAA JO o] (2002)
x]/11s0d 1804 | wnutiadsordp - A AN Jd/L€ uomsodsuel]l) X1 TH ‘1 ‘e 19 o 3nse)
X177 210§2q stpuowr ¢ wnuiadsoid g N (wnutiadsordp -g) X AN Ave (40) x11219n0p < [28](€100) T8 1235104
(wn
-uLiadsordp °g)
XL Ts0d ¢/ Aeq wnuLipdsordp g X AN AN die (IND XLT°1
xLT4s0d 88¢1 Keq suvoifijoud 7 AN AN AN /65 CaN) X117
xLTs0d 165t Ke suvoifijoud -7 AN AN AN /9T (IND XLT°1 [62]
x1Ts0d 487 Keq wnuiadsordp g AN AN AN N/S9 QIN) XLTT  o(#100) e 30 uosuyof
x119sod 171 Aeq smp3nuny 'y ‘wnutpdsordp g dds wnypomnag ON AN A/SS  (AdOD) X1 91qnop <[ [9¢]
x]T4s0d 1€ ke wnuLiadsoldp - ON (wnuiiadsordp ) x AN A/19  (s1so1qry) XI T o[urs | (9107) Te 10 ulySog
AN supoifijosd -7 AN AN AN/PIOIo)soonIon N/S9 GIN) xLT¢1 [22](L10D) e 12 090D

(ponunuoo) 1 3[qe],



Curr Fungal Infect Rep (2021) 15:49-66

56

AN P
X1 T4sod
squow ¢ parq
Qdr-sod
syuow ¢ [parq
adrisod
fpuowt [ parq
adrsod
stpuow 1 *pald

X1 Ts0d
sypuour § parq

sisouSerp 1e[noo
Jo g¢ Aep parq

X1 T-s0d
6¢ Kep ‘paiq

A1981ns-1sod
01 &ep ‘paiq
sypuout 9 Je parq

sypuowt

9 e 9SBISIp

Jo uorssargord
Iy

AN Pd

x]7-350d
Stz Aep parq

ASEASIP J[QEIP DAY

r-sod
§s¢ Aep tpaiq

[IOA WAL

AN

AN

AN

AN

RIOA NA.L

AN

TIOA WAL

TIOA WAL

AN

AN

AN

RIOA WAL

AN

oSeurelp ssoosqe
urelq ‘uoredrIodap

‘[eaowar Juedwi jsearg VSOd Wy ‘TaIdL + TIOA N
Kdoosounserpajy VLI + OdSVD uay ‘quy] AN
AN AN AN
AN AN AN
AN AN AN
UOE}O30A JO UOISIOXD ao Sw oSz 199A.L ad

+ Juowooedor oATeA

pappe uay) ‘qo 8w 0S[-0S OdSYO + MOA 8w (ST TIOA

AN quy AN
(L1
paSuerop 0}
anp xJ7-1s0d
Kep yxou oyy
_UESOB ﬁ@ﬁﬂﬁﬂooﬁﬁv
J10BIOY} JO 3310} [eIZING IIOA + 0dSVO 0dSvD
(ao
3w og) quy
pasijosoioe
ssedAq Areuowndorpreo +do
Iopun yoeoxdde [erne-suery, ad 38w ¢ IOA + dO 8w 0§ 0dSYD 8w 00T VY.LI
A13Ing IYAL TIOA AN
AN RIOA ‘I99dL ‘00N Td ‘0dSVD ‘quy AN
AN quy Al AN
do 3w ¢z
Uy pasingau quy
+ Avomma@oc + _mhzu_gmbc_v TIOA + dO pasingau +
3w 001 VINAINY + dO 8w 00€ VSOd do 3w (0¢
AI'UY ‘Ad IIOA [emafdenut + O Sw o quyT Al
RIOA PosIN@au + O 8w 0 OdSVO Al +Ad 8w 00T
ad Sw (g QuISORNIA  + O 8w 0gT [FYHL + Ad Sw 007 TIOA Al THOA Al
0dSVO Al
poppe udy)
JUBIAPLIQIP (uonnjos /3w O € ‘VdLI Od

ordoosoxypie pajeaday  Jo TW (07) RIOA Te[nontenur + [gYAL + [MOA + guy pajequ]

upys opdp[nu ‘yseaiq
O] ShOJeWOYIAID
pue ud[joms

‘ured jsearq pue 1soyD)

sugis Areuowng

AN
AN

AN
BLIYMESAD ‘SSQUIZZIP
‘QWIOIPUAS IB[NQIISIA
Q)noe ‘so[npou Uy

AN

ssourdoo[s a[Iqej-uou
‘stoydwiAs A1ojendsoy

UOISIA

Jo ssof o3o1dwod Jsowye

‘sisoredruuay popIs-ysi
‘SQINZISS JUALINOSY
SISOPIOR0JOY eI

aIm[rey A1orenidsoy
gV wsisiad ‘en3io
pasjrew ‘eoreseue
‘STUSWIDAOW JTUO[O0A
AIeyunjoAul ‘ssonsip
Kioyendsor oynoe
‘aAIsuodsarun “o13rey)o|

AN

29U YOI US[[OMS ‘[nJure]

$9SS00SqE-0IOIUI UDYS ‘SSA0SqR
urelq ‘ewdsAydwo/onumnayd
‘snrpnsdeo juerduwr 3sealq ‘Sun
SOITOAUIOR)SO [BIGOMIIA ‘SSOISqY
souy| ‘onunayd ‘sprunserpow ‘Fun-g

snrueydopus

SIIOAMWO2)SO ‘Sas$a0sqe ULys ‘Fung

Suny

([omoq Jrews ‘Aoupry ‘I9AI[
‘pro1Ay) ‘eayoe1) “Ueay ‘1YJouoiq
‘$590sqe Sun| ‘punom O1oBIOY ],

BUIOJI0AW ORIPIE))
SII[OATIOQISO [EUIA)S ‘SHHIUNSBIPIJA]

UonAAJUI punom ‘Sun-y

(wopounsod) Funy

Ppue JeaY ‘urelq ‘pue[3 proiAyy
‘[rea onoe jo uoniod 1no
‘sKoupry| ‘0)Is UOISIoul [e0131NS
‘arendse [eayorn ‘pmyy [emdJ

1oqud d109Aw ‘pinyy [ernafd ‘Fun

[ep]
»L007) Te R TyeS

‘snuydouojoAd ‘snrjoAwos)so ‘Sun

$95S00SqE UIeIq pue unys ‘Sung

[1¥]
(6002) 'Te 10 ndYg

[gs]

OA[eA [ENIW ‘POO[q ‘s3] U0 SAMPON  (010T) ‘& 12 OO
UONOJUI POJBUIUASSIP
0] A1epuoods Asfed oAIou pary ],

[LL] (1100
Te 19 Aysiqere],

[oL] (z10D)
‘[ 30 YOSITH

[sL](z100)
Te 30 Ip[elA

l62] (#100)
‘Te 19 uosuyor

[l
(¥100) T8 ®
uosdwoy | -edure)

[oL] (9100)
‘Te 19 urpuejeg

[st]

Sunp ‘eau3  (8107) I8 10 BPqY

[L7]
(6107) Te 32 Suey)

(ponunuoo) 1 3[qe],

pringer

Qs



57

Curr Fungal Infect Rep (2021) 15:49-66

XLT3s0d 61 ¢ Avp
18 PIAJOSAI DAY
Aadr-sod
091 £ep :paiq
OAIY

9]0ZBUOOLIOA
JO UONENUIUOSIP
Joye Jeok

1 posdejar oAy

A1331ns-1s0d
SYJUOUI § :QAI[Y

Juounean-sod

syjuow

01 Y& uonn[osax
991dwod DAY

sisougerp
Qr-sod 9 Aep :par(y
uﬁoaumoby«mom
81 Aep parq

AN PAIa
UonENUIUOdSIp
[IOA 1oye
skep g pasdejor
‘uonodyul [eguny
pajjonuosun

Toge €7 Aep parq

X1 T4s0d
SYIUOW +/ QAN
-OA
JO uonNUOdSIp
syoam ¢ posdefar
x17s0d
SIBOA § LAY

X1 T4s0d
sypuow 1 *parq

VSOd INA.L

AN
AN

ON

["IOA WAL

R—IOA NA.L

AN

AN

AN

RIOA WAL

AN

AN

surprurejuad
ASO-ND

S31d02s0OU0Iq
Sursueoo juonbary

AN
AN

ON
Juowdoe[dar dnoe
[eUIIOPgE PUE SAIPOq
[IGOLIOA JO JUSWAPLIQI(]
yeid unys
[eroj1odns pue ampasoid
9A10NNSU00AI 1red-g
QAISUD)X 9IS PajoJuI
1]} JO UOTOISIT IAISUOIXD
IIM JUSWAPLIQIP [BIIFING

AN

AN

Awopoonip

AN

uonesu] ¢ AW0ANIA

Awooanip

JUSWIAPLIGIP
snurs ‘oSeureIp ssaosqe
[Tem 1s34d ‘uoneajonug

[eIOuOIqoOpuUd APRdaM ) VSOd [ed1doy
pappe oy ‘TAYAL + A0 W 0$-00€ VSOd

AN
AN

s1eak 6 ¢ 10§ 4d Sw 00T TIOA

VOIN
+ [IOA Uy THYAL + TIOA WY TIOA

RRIOA

ODIN + quy
VAL ‘quv

paptaoid J1un ouy (Tu 10/0S) THOA
[eaxpABUL + (W 1°0/31 §°0) GV [eaniAenU]

(Juounean

JOo g pue ¢ Aep uo sokd ypoq ur 311 G7)
ODIIN Te[no0enUT + (I SW 00T TIOA Od

(exo + uoneSLur) RYOA Uy

TIOA Te[nooenUI + O SW 0$T TAYAL +
ad Sw 007 TIOA Uy} ‘gWVT Al + TIOA Al

TIOA #9140} + RIOA [eam1ALIUL
+ 0 3w 0§67 [9Y4.L + ad Sw 00y TIOA Od

quy + Arep
5w 00T 1-008 YSOd UdY} TIOA [enIABDUI
+0dSVD + [GYHL POPPe Uyl ‘TIOA

ao
3w g1 VOIN

VSOd
ON

ON

AN
(LA71
paSueIdp
0} onp 4L
01 Joud sAep
L1 paddos)
vSOd £q
PoMO[[0) TIOA

AN

AN

19941 + TIOA

ad
Sw 07 quy
pasijoioe
+ad

3w 007 VYL

ad sw o]
gqury pasingoN

AN

ad
3w 00T [IOA

TOTOJUT
onjouIo)seue [eIole[lg

IN
AN

sn[nosnur seosd
1J9] 9Y} 18 UONBULIO}
ssoosqe ‘ured requun

ured yoeg

squ pue
WSS 1oMmoj e ured
PasI[edo] pue Surjjoms

SUOISIIJO
Tenard yim sojenyur
Te193e[1q ‘Kousrorgnsur

Joyendsar ‘anjrej [eusy
asrejewr ‘uononpoid
wnnds ‘YSnod ‘1049,
9K2 Jy3u
AU} Ul BUIO)OIS [BIJUDD
B pUB SSOULLIN|Q PISLAIOU]

UOISIA JO
sso] 9391dwoo ‘sojnpou
UD[S SNOAUBINIANS “IOAD]

UOISIA JO SSO[
uoppns ‘949 Y| us[[oMs
wnjoIos
uo[joms ‘AJmoe [ensia
peonpar ‘ured 153y
onumayd ‘ssoussajyiealq
oAIssarsorg

so[npou urys [nyured
o[dnnu ‘uorsiA paumyg
Asped oze3

premumop ‘sisoyd

942 311 ‘so[npou

[18]

Suny pue SOIYOU0IqoAYRRIL,  (8107) & 19 J[0S
Sun [L2]

SunT (6100) T8 10 Suey)

Areuouwrng
[0s]

spiosipojApuods ‘p-

WSAINJUE J1I0e

[eUIIOpqe ‘SHIJOAWO3)SO [BIGOIIOA

SONI[OATIO2)SO SqLI JOMO[ PUE [BUI)S

wnipreotod ‘prngg remord ‘sgung

11891 ‘pooiq ‘Su

(Asdoine)

sKoupny ‘wnunfof ‘reay ‘sguny 9Ag

ASD ‘mowny snoaniA ‘sa[npou uryg

joen

sa[npou

Sun| pue urys ‘spiyoroowApipido
‘Inowny SnoanrA

SUONORJUI JorI}

Areuun ‘sonbeyd 1eryouoiqopus
‘spuye ondos ‘SpIPAw0)so
[BIGILIAA ‘SHIUNSBIPAW ‘SHIN[[9D

[[eA 1S3 ‘SaSSAISqe-OIdT

1T (1102) e 1 yfiny

[sel (s100)
‘Te 10 uoswoy |,

[L¥] (9100)
‘Te 19 uoyua(q
SuoNodJUI dUOY

lov] (z002)
‘e 19 tuor[Snse)

l6L1 (z002)
ny jso1 pue fey

[69]
(S007) Te 10 yoZeA

[8£1 (9002)

‘e 30 SUSOWAS

AJeurm ‘mowmny snodniA ‘eundy

[ov]
(9002) 'Te 1 JsnN

un[s ‘INOWNY SNOANIA ‘SNUIs ‘Fun-|

(ponunuoo) 1 3[qe],

pringer

Qs



Curr Fungal Infect Rep (2021) 15:49-66

58

UonN[OSaI DAY

uonn[osal DAY

uorssrupe-jsod
01 &ep ‘paig

X T3sod sypuour
L] ‘UONNJOSAI DAY

sypuout 9 Je :parg
Qddr-sod

sypuowt 6 -parq
syuow 9 8

JSBISIP LIS DAI[Y
sypuowt
9 Je uoNNJOsal

9)o1dwod yim dAY

AN P
juaunean-jsod

9t Aed pa1a
[endsoy 1opo

0) parjsues) YN
8 Kep 18

ASBISIP [qRIS LAIY

juounean-sod
SIBOA 7 10ye

uonnjosay LAY
Adeioyy
paurquioo-jsod
sypuow
zloxTIs0d 01
Ke(q 1e poAjosal

K2e1dwo)) oAy
"pONuUIUOISIP
seM VSOd
PpasIngaN Joye
yuow | pasdejor
x11s0d

66€ Aep 1€ paiq

dSD-D ‘ugy
-nqojgounurut
AL

proe
o1j908 AN[IP
Jo uonesu AJre(

AN

AN
AN
AN
AN
AN
AN
AN
AN

AN

AN

VSOd WAL

VSOd WAL

[Tem Arefrxeut
Joudsod ayy Jo duoq ay Jo
Asdoiq
YIm AWOI[IXeW
Terpawr ordoosopuo
PapIs-y3u ‘A108ms snurg

Jnoysem pue A1931ns snuig
X]/T-01
‘o1doosopus [eroye[ig

AN

AN
uoneso]dxa [euneIpajy
AN

AN

AN
AN

AN
AN

AN

AN

sardoosotouoiq
Sursuea[o juonbar,f

AN

VSOd oy ‘qury pafeyul + JEYHL +
NAVSI W ‘quy p3[eyul + TJOA U 'VSOd

s1eak ¢ 10] VSOd

w VINAINY + [IOA WU VINAINY
+VSOd Uy ‘OdSVD + [FYHL + TIOA

ODIN

dO 8w (ST I9YAL + [MOA U2y ‘VSOd

IIOA T9¥AL 'VSOd
19991 TIOA ‘qWv

[9YAL TIOA

[RIOA

skep 081 10§ gury'] pasNgau + IOA

sAep 9t 10J gUIy'T PasNGd + TIOA

RIOA

1994dL + VOIN + IIOA

SIBOA 7 10 Sypuoll ¢ AI9Ad
usy) sow ¢ 10J A[JOam Uone[[Isul gury
Jeardoy fergouoiqopue + O 8w 00r—00T

[IOA eyl ‘@O 3w 007-00T VI.LI

syjuow g 10 4O VSOd Pasingau
Pappe udY) ‘IAYAL + VSO U TIOA

aod 3w ¢

xo[dwoo prdi gury pasngou pue [gIH.L
‘guy’T pappe uat ‘qo 5w 00€ VSOd Al

puowr [ 10} qod/sypuowr ¢ 10 dO VSOd
Ppasingau + (aampadoid 1ad Sur (oG sasop

AN

AN

VALl

AN
AN
AN

AN

AN
AN

AN

AN
skep
1€ 10} VSOd

AN

o Sw 00T
VOIN +
aod sw ¢z
xorduwos prdy
gy pasngoN

ao 3w 00z
ooN1d +
aod 3w gz
xordwoo prdy
quy pasingaN

amssaid
[eroe] pue ‘[[ouws
Jo ssof “ogeurerp [esewsod
‘aononnsqo [eseN
oFreyosip
Judrnndoonuu
‘a1nssaxd/ured
Teroey ‘dup jesemsod
‘uonsaguod [eseN

SISOPIOR0JOY ONAqRIP

‘YIeaIq JO SSAULIOYS “IOA]
uononpoid
wnnds paseazour

ured 3s9yo onunofd 10A9]
10497 ‘ured

1S9O “Yrealq JO SSAULOYS

erxodAH
y3noo
aanonpoid ‘esoudsAg
Iopngy
[eLne ‘eIpIeoAyoe)
‘ssonsIp A1oyenrdsoy
AN

AN

eooudsAp
‘Y3noo aAnonpoId

VSOd

dn-morjoy
sunnor SuLmnp 3saYo
1D UO MOpRYS [PULIOUqY

AN

AN

Suny ‘snurg

IR[NdQO

3uny ‘snurg

(1] (6100)
Te 19 29U
snisnutg

lov] (z00D)
Sung ‘e 12 tuor3nse)

[cs]
SunT  (€107) Te 1 [0y
Sun
Sung
Sun
l62] ((+100)
Sung ‘[e 30 uosuyof
Sung
[o€] (9100)
Sung ‘Te 30 urySoq
[eL]
SunT  (L10T) T8 10 090D
[eL]

Sung  (8107) '[B 10 Syuef

[zv] (8100)
Sung ‘Te 19 OWONA!

Sun| pue SHIYOUOIqOIYIEI],

Sun| pue SHIYOUOIqOYIEI],

(ponunuoo) 1 3[qe],

pringer

Qs



Curr Fungal Infect Rep (2021) 15:49-66 59

" 2 s 24 8 . . . .
£ gz B g Z o o é g line treatment for Lomentospora infections; voriconazole
=} = 4 O . .
g, . § 3 2 é _5‘ % S monotherapy is recommended with moderate strength as
S B = . . .
§§ ¢ =, T 53z 3 Qg3 the alternative [85¢]. If the lomentosporiosis progresses,
< " 7 a3 & ) e . .

§% 8 ?: gs E £ g < %Eé the guideline group moderately supports the use of
A a < =z 5 g = isavuconazole or posaconazole monotherapy as second-
3 ] . . .

& 2 § < line therapy with voriconazole monotherapy as salvage
o g é ;«’s i therapy. The group advises against the use of LAmB in
S o é Eé = patients with Lomentospora infections. The guideline
= E % -§ % RS group also strongly recommends the use of surgical de-
= = S gL . . .
g = 2 %“g bridement where applicable and TDM for voriconazole
- . . .
E g g ; 23 g therapy. A minimum treatment duration of 4 to 6 months
z g s 2 2 %"é of antifungal combination therapy for lomentosporiosis is
23 g =
2R g > i) é‘) % = -Lg moderately recommended.
T2g ¢ £ 2 S -E S
SE8 % 55 s S2g, Scedosporiosis
v E5 2 BE 5 % °as ¢
5] S = > 9 v
A [ 1%} BN 7] >~ .. .
v 2 8 ; % P A total of 37 cases on scedosporiosis were reported in 13
2 g <3 S5 single case reports [35, 45, 47, 53, 54, 74-76, 78-80, 82,
S 8233 83] and 10 case series/studies [27, 29, 36, 40, 41, 43, 46,
4 = = . .
é 'q'; g gg S 71, 77, 81] from 2002 to 2019 (Table 1). Disseminated
5 2 Do §§ Scedosporium infection was the most common clinical
S = . . ..
o S g SEu™ presentation in lung Tx recipients (n = 20) [27, 29, 40,
° E > £ 9 .
g % 5 g % g g é 41, 43, 45, 46, 53, 54, 74-79], followed by scedosporiosis
é < 5 g O K %g with lung (n = 11) [27, 29, 36, 40, 81, 82], bone (n = 3)
o 5 pelit Z2ES5E [35, 47, 80], sinus (n = 1) [71], ocular (n = 1) [77], or skin
> & [ e 222 . 1
5 = E [ £ 2 g S| (n = 1) [83] involvement. S. apiospermum complex or
5 + g i, .
E ) 2 2 i g gﬁ o P. boydii accounted for all reported cases. Nine were co-
£ e e 2B 5 §% é“ infected by other fungal spp. (e.g. A. fumigatus,
— = SN . . . .
" s é’o O g5 é A. ochraceous, A. versicolor, A. niger complex, Candida
2 s Rt
§°§ . %" 52 §>§ g2 spp., Cladosporium spp., Rhizopus spp., L. prolificans,
S 2 g = g 2 <2 N i§ £l Trichosporan mycotoxinivorans). Nearly 30.0% of the
> §m = > = 2 g 3 2 g gg cases documented colonisation with the same fungal
5 :Ei B Tz ;E’ g g spp. (i.e. S. apiospermum) pre- and post-lung Tx. Time
% g S E ; 3 g ; 2; 2 & g to scedosporiosis ranged from 15.0 days to 9.9 years post-
= = ) =) E E = 1 T
ER § e = 22 2 O3 gs ung 1x.
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3 §52E5 |28 a3 Sz& s monotherapy (n = 8) [29, 35, 43, 47, 74, 80, 81, 83] or
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g & £ § = § £ 4 %3 Z terbinafine, miconazole, or LAmB) (n = 12) [36, 43, 45, 46,
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é % 2 5 % '§ = f 55 two for pulmonary scedosporiosis [81] and one for sinusitis
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reported in two cases with successful treatment outcome noted
only in the patient with sinusitis [71]. TDM of voriconazole
and posaconazole were reported only in eight [35, 43, 47, 53,
74-76, 78] and three [81] cases, respectively.

Several surgical interventions had been used, depend-
ing on the site of Scedosporium infection, in addition to
antifungal therapies to improve clinical outcomes. These
included repeated arthroscopic [45], skin with or without
phlebectomy [47, 83], vertebral [35] or sinus debridement
[43, 71], skin graft or reconstruction [47], trans-atrial ap-
proach [75], wound or abscess drainage [43, 76], valve
replacement and excision of vegetation [53], aortic re-
placement [35], mediastinoscopy [43] or mediastinal ex-
ploration [29], breast implant removal or decortication
[43], enucleation [43], vitrectomy [46, 77], and cleansing
bronchoscopies [81]. Fifteen of the 20 patients (75.0%)
with disseminated Scedosporium infections died [27, 29,
40, 41, 43, 53, 54, 75-79], nine were IFD-related mortal-
ity; the time to death ranged from day 6 to 18 months
post-IFD diagnosis or day 29 to 31 months post-lung
Tx. Six of the 11 patients (54.5%) with pulmonary
scedosporiosis died [27, 29, 36, 40, 81]; half were attrib-
utable to IFD. All patients who had scedosporiosis limited
to bone, sinus, or skin involvement survived, with either
complete or significant clinical improvement.

The recent global clinical practice guideline has strongly
recommended voriconazole monotherapy as first-line treat-
ment with TDM [85¢]. The guideline group moderately sup-
ports the use of voriconazole-based combination therapy (with
LAmB, ABLC, echinocandins, or terbinafine) as alternative.
Isavuconazole, posaconazole, or itraconazole monotherapy is
marginally recommended as second-line treatment. A combi-
nation of voriconazole and echinocandins, or posaconazole
monotherapy is recommended as salvage therapy. Likewise,
the group advises against ABLC or LAmB monotherapy for
the treatment of Scedosporium infection. The guideline group
marginally supports surgical interventions for scedosporiosis.
Treatment should be continued, generally for weeks to
months, until resolution of signs and symptoms of
scedosporiosis.

Observational Studies in Lung, Liver-Lung,
and Heart-Lung Tx Recipients
with Lometosporiosis and/or Scedosporiosis

While several large observational studies on lomentosporiosis
and/or scedosporiosis were published in recent years [39, 86,
87, 88e+], the majority did not include lung Tx recipients nor
perform further analysis of the lung Tx cohort, likely due to
the small numbers of lung Tx recipients included. For in-
stance, only 15 out of the 264 patients included in the study
by Seidel et al. [39+¢] were LTx recipients; 11 with

@ Springer

scedosporiosis and 4 with lomentosporiosis. The reported me-
dian (IQR) time to Scedosporium infection was 82 (26461)
days post-lung Tx. CNS and disseminated scedoporiosis were
associated with higher mortality in SOT recipients (with
37.9% receiving either a renal or lung Tx) [39¢°]. A
population-based surveillance study in Australia [32] reported
that 36.0% of the LTx recipients with positive cultures of
S. aurantiacum or S. apiospermum had proven
scedosporiosis; however, lung Tx, CF and chronic lung dis-
ease were not predisposing factors for Scedosporium infection
but for isolation of Scedosporium spp. in the respiratory sam-
ples. Caston et al. [89] reported that one-third of the 27 pa-
tients with positive respiratory cultures of S. apiospermum had
proven (n = 3) or probable (n = 6) invasive pulmonary infec-
tion; among these patients, four were lung Tx recipients. This
study also noted that patients with invasive pulmonary
scedosporiosis had a higher rejection rate, a longer time to
acquiring IFD post-Tx, a higher lymphocyte count, and re-
ceived previous prophylaxis with aerosolised AmB or intra-
venous AmB, in comparison to those with invasive aspergil-
losis [89].

Three retrospective, single-centre studies [28, 31, 90¢]
describing the clinical characteristics and treatment out-
comes of S/L infections among lung Tx recipients, with
and without other solid organ Tx, were published from
2001 to 2020 (Table 2). A 24-year Australian study by
Vazirani et al. [90¢] recently reported 19 invasive S/L
infections among the lung Tx cohort; median (IQR) time
to IFD was 748 (369, 4870) days post-lung Tx.
Posaconazole, with or without terbinafine, was the most
commonly used antifungal(s) for IFD, with a median
(IQR) treatment duration of 326 (159, 648) days. This
study also revealed that the survival rate at 24-year post-
lung Tx among those with positive respiratory cultures of
S/L was not statistically different from the rest of the lung
Tx cohort. Similar observation was noted among those
who had S/L colonisation prior to lung Tx.

In the work of Parize et al. [28], only one lomentosporiosis
affecting lung and pleura was documented among 14 CF pa-
tients following lung and or liver Tx and was treated with a
combination of voriconazole, terbinafine and caspofungin.
The patient, however, died at day 56 post-Tx. Nine had
Scedosporium spp. or L. prolificans colonisation prior to Tx
while 13 had Scedosporium spp. and/or L. prolificans coloni-
sation post-Tx. Voriconazole was the most commonly used
antifungal prophylaxis pre- or post-Tx. In another Australian
study by Tamm et al. [31], one had scedosporiosis alone, four
had scedosporiosis with L. prolificans co-infection, and two
had Aspergillus spp. co-infection. All were pulmonary infec-
tions treated with itraconazole and fluconazole; none died due
to disseminated scedosporiosis. The time to infection and
death ranged from 9 to 58 months post-lung Tx and 3 to 35
months post-IFD, respectively.
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Died with IFD at day 56 post-LTx (n = 1); died due to other
reasons (n = 6)

TDM
VORI
or

NR

VORI + TERBI + CASPO

Pre-LTx: VORI (n
7); POSA (n=1);

ITRA (n=1)
Post-LTx:

(2017)
(28]

Parize et al. Lung, pleuritis

Table 2 (continued)
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POSA

VORI (1 = 11); POSA

(n=2);ITRA (n

Died (n = 4); time to death (range) 3—-35 months post-IFD

NR

Multiple

ITRA + FLUCO (n = 7)

ITRA (n = 5); no

ung

L

Tamm

diagnosis

stent

antifungal agent

et al.

insertions

(n=1)

prescribed (n = 2)

(2001)

[31]

AmB amphotericin B, CASPO caspofungin, CF cystic fibrosis, CLAD chronic lung allograft dysfunction, COPD chronic obstructive pulmonary disease, FLUCO fluconazole, IFD invasive fungal disease,

ISAVU isavuconazole, ITRA itraconazole, [V intravenous, HLTx heart-lung transplant, LoPro Lomentospora prolificans, LTx lung transplant, MMF mycophenolate mofetil, NR not reported, POSA

posaconazole, Scedo Scedosporium, TDM therapeutic drug monitoring, TERBI terbinafine, VORI voriconazole. CLAD redo refers to LTx recipients whose initial LTx was complicated by CLAD and

underwent second LTx

Challenges and Future Recommendations for the
Diagnosis and Management of S/L Infections in Lung
Tx Recipients

The number of reported S/L infections remains low among
lung Tx recipients over the last decade. Given the rare occur-
rence of these fungal infections in the lung Tx cohort,
conducting a randomised controlled trial to establish clinical
evidence for diagnosis and management of lomentosporiosis
and scedosporiosis is not feasible. Furthermore, the few large,
observational studies of lomentosporiosis and/or
scedosporiosis did not provide in-depth analysis or findings
for this patient cohort. Therefore, it is important to establish
prospective clinical registries or online databases specifically
tailored for lung Tx recipients with these rare mould infections
to refine treatment strategies, which could lead to improve-
ments in disease management and clinical outcomes.

Timely identification and diagnosis of lomentosporiosis
and scedosporiosis remain difficult. The lack of reliable bio-
markers poses challenges in confirming the diagnosis of S/L
infections. A uniform approach to the type and frequency of
surveillance sampling to identify S/L colonisation prior to lung
Tx and the type of culture media used to optimise detection of
S/L spp., is warranted before embarking on prospective cohort
studies in the lung Tx setting.

Scedosporiosis is commonly disseminated in lung Tx recip-
ients while a variety of clinical manifestations of
lomentosporiosis have been noted. In lung Tx and other settings,
disseminated lomentosporiosis and scedosporiosis were associ-
ated with poor prognosis and high mortality rate, in-part due to
the limited treatment options available. Hence, the efficacy of
new candidates in the antifungal pipeline such as olorofim,
auranofin, or fosmanogepix, for the treatment of S/L infection
is well-anticipated. To date, voriconazole is the drug of choice
against lomentosporiosis and scedosporiosis, often being used
with or without terbinafine, respectively. The use of voriconaole
TDM was limited in this review despite the highly variable
inter-individual pharmacokinetic profile of voriconazole and
the known drug-drug interactions between voriconazole and
immunosuppressive agents that are commonly used in the lung
Tx setting. With a view to optimising the use of voriconazole,
TDM for voriconazole is essential especially among the CF lung
Tx recipients as voriconazole levels are often undetectable in
these patients [91]. Studies investigating the effectiveness of
non-drug therapies such as surgical interventions for manage-
ment of S/L infections in the lung Tx setting remain scant.

There are several limitations of this review. We included
only those published in the English literature. Given the lim-
ited information available in each reported case, we cannot
verify all included cases against the proven/ probable IFD
criteria, as defined by the European Organisation for
Treatment of Cancer/Mycoses Study Group (EORTC/MSG)
[92] or by the ISHLT [93].
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Conclusions

Whilst infections caused by S/L remain rare in the lung Tx
cohort, they are associated with high mortality, especially in
the setting of disseminated disease. This review highlights the
need to standardise surveillance and culture procedure for S/
in the LTx setting as well as to develop better diagnostic tools
and antifungal agents to optimise the management of
lomentosporiosis and scedosporiosis. Larger, prospective co-
hort studies tailored to this patient cohort are warranted.
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