International Journal of Infectious Diseases 92 (2020) 114-122

Contents lists available at ScienceDirect

INTERNATIONAL
SOCIETY

FOR INFECTIOUS
DISEASES

International Journal of Infectious Diseases

journal homepage: www.elsevier.com/locate/ijid

Invasive Scedosporium spp. and Lomentospora prolificans infections | R

Check for

in pediatric patients: Analysis of 55 cases from FungiScope®
and the literature

Danila Seidel®”*, Angela Hassler¢, Jon Salmanton-Garcia®”, Philipp Koehler®P,

Sibylle C. Mellinghoff*", Fabianne Carlesse?, Matthew P. Cheng®, Iker Falces-Romero,
Raoul Herbrecht®, Alfredo Jover Saenz", Nikolai Klimko', Mihai Mareg/,

Cornelia Lass-Florl*, Pere Soler-Palacin', Hilmar Wisplinghoff™"°, Oliver A. Cornely®"?,
Zoi Pana9, Thomas Lehrnbecher®

2 Cologne Excellence Cluster on Cellular Stress Responses in Aging-Associated Diseases (CECAD), University of Cologne, Cologne, Germany
b University of Cologne, Faculty of Medicine, Department I of Internal Medicine, European Excellence Center for Medical Mycology (ECMM), Cologne, Germany
€ Pediatric Hematology and Oncology, Hospital for Children and Adolescents, University Hospital, Goethe University, Frankfurt, Germany
9 Instituto de Oncologia Pedidtrica - GRAACC/UNIFESP, Sdo Paulo, SP, Brazil

€ Montreal, McGill University, Department Microbiology and Immunology, Montreal, Canada

f Clinical Microbiology and Parasitology Department, Hospital Universitario La Paz, IdiPaz, Madrid, Spain

& University Hospital of Strasbourg, Hopital de Hautepierre, Department of Oncology and Hematology, Strasbourg, France

N Territorial Unit of Nosocomial Infection and antibiotic policy (TUNI). University Hospital Arnau de Vilanova, Lleida, Spain

I North-Western State Medical University named after L. Mechnikov, St. Petersburg, Russia

J Laboratory of Antimicrobial Chemotherapy, lon lonescu de la Brad University, lasi, Romania

K Medical University of Innsbruck, Institute of Hygiene und Medical Microbiology (HMM), Innsbruck, Austria

! Pediatric Infectious Diseases and Immunodeficiencies Unit, Vall d’Hebron Barcelona Hospital Campus, Barcelona, Catalonia, Spain

™ Wisplinghoff Laboratories, Cologne, Germany

" Institute for Virology and Microbiology, University Witten/Herdecke, Witten, Germany

© Institute for Medical Microbiology, University of Cologne, Cologne, Germany

P Clinical Trials Centre Cologne (ZKS Kéln), University of Cologne, Cologne, Germany

9 Department of Medicine, European University of Cyprus (EUC), Cyprus

ARTICLE INFO ABSTRACT

Article history: Objectives: Current knowledge on infections caused by Scedosporium spp. and Lomentospora prolificans in
Received 17 October 2019 children is scarce. We therefore aim to provide an overview of risk groups, clinical manifestation and
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Accepted 12 December 2019 Methods: Pediatric patients (age <18 years) with proven/probable Scedosporium spp. or L. prolificans
infection were identified in PubMed and the FungiScope® registry. Data on diagnosis, treatment and
outcome were collected.

Results: Fifty-five children (median age 9 years [IQR: 5-14]) with invasive Scedosporium spp. (n = 33) or L.
prolificans (n = 22) infection were identified between 1990 and 2019. Malignancy, trauma and near
drowning were the most common risk factors. Infections were frequently disseminated. Most patients
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Children received systemic antifungal therapy, mainly voriconazole and amphotericin B, plus surgical treatment.
Voriconazole Overall, day 42 mortality was 31%, higher for L. prolificans (50%) compared to Scedosporium spp. (18%). L.
Surgery prolificans infection was associated with a shorter median survival time compared to Scedosporium spp. (6
FungiScope™® registry days [IQR: 3-28] versus 61 days [IQR: 16-148]). Treatment for malignancy and severe disseminated

infection were associated with particularly poor outcome (HR 8.33 [95% CI 1.35-51.40] and HR 6.12 [95%
CI 1.52-24.66], respectively). Voriconazole use at any time and surgery for antifungal treatment were
associated with improved clinical outcome (HR 0.33 [95% CI 0.11-0.99] and HR 0.09 [95% CI 0.02-0.40],
respectively).
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Conclusions: Scedosporium spp. and L. prolificans infections in children are associated with high mortality
despite comprehensive antifungal therapy. Voriconazole usage and surgical intervention are associated

with successful outcome.

© 2019 University Hospital of Cologne. Published by Elsevier Ltd on behalf of International Society for
Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Scedosporium spp. and Lomentospora prolificans (formerly
known as Scedosporium prolificans) are ubiquitous molds (Chaya-
kulkeeree et al., 2006). Although these fungi are not commonly
pathogenic, they can cause severe disease, in particular among
immunocompromised patients or subsequent to trauma or near-
drowning accidents, due to contaminated soil or water (Cortez
et al., 2008). Invasive infections caused by Scedosporium spp. or L.
prolificans can affect all organs, and dissemination via the
bloodstream is common (Cortez et al.,, 2008; Bhat et al., 2007;
Rodriguez-Tudela et al., 2009). In addition, patients with cystic
fibrosis frequently have colonized lungs predisposing to chronic
lung infection that may become invasive and lifethreatening
(Harun et al., 2010; Schwarz et al., 2017).

Treatment of Scedosporium spp. and L. prolificans infection is
challenging due to intrinsic resistance to numerous antifungals
(Cortez et al., 2008). Surgical debridement should be performed
whenever feasible, and voriconazole is recommended as
firstline antifungal treatment (Tortorano et al., 2014). Although
in vitro results are promising, reports on the clinical benefit of
combination therapy with terbinafine are inconsistent, and
mortality rates remain high (Seidel et al., 2019; Jenks et al,,
2018; McCarthy et al., 2018).

Current knowledge on infections with these pathogens
predominantly is based on case reports and single-center reviews,
particularly in the pediatric setting. We therefore aim to identify
children with Scedosporium spp. and L. prolificans infections from
the literature and the global FungiScope® registry to characterize
pediatric specific risk factors, clinical manifestations and
treatment strategies, which will hopefully improve the
management of these patients.

Methods
Study population

Clinical data of patients <18 years with invasive Scedosporium
spp. or L. prolificans infection were identified either through an
electronic literature search in PubMed or in the FungiScope®
registry. Patients with proven or probable infectionwere included in
the analysis (De Pauw et al., 2008). If the respective culture was not
available or unspecific but the fungal pathogen was confirmed by
sequencing or matrix-assisted laser desorption ionization time-of-
flight (MALDI-TOF), cases were included. FungiScope® is a global,
retrospective registry for rare fungal infections, in which anony-
mized clinical information of patients is documented (Seidel et al.,
2017). A literature search for case reports published in the past 30
years, since 1990, when liposomal amphotericin B was introduced
(Ng and Denning, 1995), was performed in PubMed on June 1, 2019
using the search filter “(Scedospori* OR Pseudallescheri* OR
Lomentospori*) AND (invasive OR disseminated OR infection)
AND (child OR pediatric OR boy OR girl OR neonate OR newborn OR
adolescent)”, resulting in 184 articles in English, French, German,
Japanese, Spanish, and Turkish. Eligible cases were identified
through the review of each publication, and article references were
checked for additional cases (Supplementary Figure S1).
Information extracted from the reported cases and the FungiScope®™

database included demographic characteristics, causative fungal
pathogen, underlying diseases, risk factors for invasive fungal
disease, diagnostic tests, sites of infection, treatment (antifungal
agents, length of treatment, concomitant use of antifungal agents,
and surgical interventions, e.g. abscess drainage and surgical
debridement), and clinical outcome. Cases were reviewed to
eliminate duplicates. Patients were categorized as immunocom-
promised (e.g., patients with hematological malignancies, chronic
granulomatous disease (CGD), hyper-IgE-syndrome or HIV/AIDS) or
presumably immunocompetent (e.g., after trauma or near drown-
ing, patients with cystic fibrosis were categorized as immunocom-
petent patients). Infection of the central nervous system (CNS) was
considered disseminated disease, if no direct inoculation, e.g.
during brain surgery or traumatic injuries, was suggested.
Observation time was defined between first day of signs or
symptoms of invasive fungal disease and day of last contact. For
the comparison of one-year survival between cases reported in
FungiScope® with those from the literature, we performed a
matched analysis using R applying the following matching criteria:
(I) Immunocompromised with allogeneic hematopoietic stem
cell transplantation (HSCT), immunocompromised other, and
immunocompetent; (II) Severe infection (blood, CNS, disseminated
with lung involvement), localized lung infection, and other “non-
severe” infection (localized skin, deep soft tissue, joint infections);
(IIT) Surgery for IFI treatment; (IV) Causative pathogen.

Statistical analysis

Statistical analyses were performed using SPSS 25 (IBM Corp., USA).
Categorical and continuous variables were compared by Fisher’s exact
or Mann-Whitney U test. The Kaplan-Meier estimator was used to
compare survival between groups. To identify independent predictors
of survival, simple and multivariable logistic regression models were
performed. Associates of survival with a P value of <0.1 in their
respective simple logistic regression models and clinically relevant
variables were entered into the multivariable Cox regression model.
Final multivariable model was established using the backward
elimination method, based on the significance of each variable to
estimate hazard ratios (HR) and 95% confidence interval (CI). Pvalue
< 0.05 was considered statistically significant if not stated
otherwise. Median observation time and treatment duration were
calculated using median and interquartile ranges (IQR).

Results
Patient populations

Fifty-five pediatric patients (17 girls, 38 boys) with invasive
Scedosporium spp. (n = 33, 60%) or L. prolificans (n = 22, 40%)
infection reported since 1990 were identified in the literature (n =
44) and FungiScope® (n = 11, two published (Holle et al., 2014;
Jover-Saenz et al., 2016)) (Abzug and Walsh, 2004; Acharya et al.,
2006; Barbaric and Shaw, 2001; Bhagavatula et al., 2014; Bonduel
etal.,, 2001; Chakraborty et al., 2005; Chen et al., 2014; Chiam et al.,
2013; Cruysmans et al., 2015; Dalton et al., 2006; Gatto et al., 1997;
Gompels et al., 2002; Hachimi-Idrissi et al., 1990; Hell et al., 2011;
Holle et al., 2014; Jabado et al., 1998; Jover-Saenz et al., 2016;
Kesson et al., 2009; Klopfenstein et al., 2003; Lee et al., 2018;
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Madrigal et al., 1995; Marques et al., 2011; Matlani et al., 2013;
Messori et al., 2002; Mursch et al., 2006; Nielsen et al., 1993;
Penteado et al., 2018; Pickles et al.,, 1996; Romero Gomez and
Garcia Rodriguez, 2010; Ruchel and Wilichowski, 1995; Slack et al.,
1999; Sobottka et al., 1999; Song et al., 2011; Sparrow et al., 1992;
Steinbach et al., 2003; Stripeli et al., 2009; Studahl et al., 2003;
Sydnor et al., 2003; Tapia et al., 1994; Vazquez-Tsuji et al., 2006;
Whyte et al., 2005; Wilichowski et al., 1996; Wood et al., 1992;
Zarkovic and Guest, 2007). Cases were reported from 21 countries
without evidence for endemic occurrence of the infection (Europe
[n = 26], North America [n = 8], South America [n = 4], Asia [n = 5],
Oceania [n = 12]) (Supplementary Figure S2). Median patient age
was 9 years (range 1.3-18, IQR: 5-14), and did not significantly
differ between patients with Scedosporium spp. and L. prolificans
infection (P =0.188) (Table 1, Supplementary Table S1). Most fungal
infections were proven (n = 49, 89%), based on a positive culture of
tissue material in most cases, blood, abscess aspirate or other
sterile sites in the respective cases. One patient with diagnosis
based on positive PCR 18S rRNA results from broncho-alveolar
lavage sample and another for which blood culture was inconclu-
sive but Lomentospora prolificans was identified using MALDI-TOF
were also included in the study as probable infection. Post-mortem
diagnosis was made in four patients with Scedosporium (three
with CNS infection, one with skin lesions) and two Lomentospora-
related infection (one with positive culture from blood collected
before death and the other based on repeatedly positive counter-
immunoelectrophoresis results). In 33 children with Scedosporium
spp. infection, the causative pathogens were S. apiospermum,S.
boydii and S. dehoogii in 23 (70%), seven (21%) and one (3%)
patients, respectively. In two patients, the fungus was not

identified to the species level. One patient with an L. prolificans
infection had a coinfection with Scedosporium apiospermum and
Lichtheimia spp., another with Aspergillus fumigatus.

Among the 55 children, about half of the patients (n = 29, 53%)
were presumably immunocompetent at the time of infection, which
mostly occurred after trauma in both groups or was associated with
near drowning or cystic fibrosis in the Scedosporium spp. group. In
three patients no underlying conditions was identified. Twenty-six
children (47%) were considered immunocompromised at the time
of infection, with a slightly higher proportion in children with L.
prolificans than with Scedosporium spp. infection (n = 13, 39% versus
n = 13, 59%, P = 0.178). The majority of immunocompromised
patients had an underlying hematological and oncological disease
and were receiving chemotherapy and/or underwent HSCT (n = 18,
33%) prior to the fungal infection (Table 1). Acute myelogenous and
lymphocytic leukemia accounted for 6 (11%) and 5 (9%) cases,
respectively. Three patients (5%) had aplastic anemia, and others
received treatment for retinoblastoma, advanced neuroblastoma,
Burkitt lymphoma or chronic myelogenous leukemia.

Sites of infections and clinical symptoms

Disseminated infection occurred in 22 patients (40%), similar
to patients with infection due to Scedosporium spp. and those due
to L. prolificans (n = 12 [36%] versus n = 10 [45%], P = 0.580), overall
more often in immunocompromised patients than in immuno-
competent patients (12/26 [46%] versus 10/29 [35%], P = 0.420)
(Table 1). Bone/joints, lungs, central nervous system (CNS), and
blood were the most frequent affected sites overall (27%, 27%, 20%,
and 18%, respectively) (Table 1). The lungs were affected in both

Table 1

Patient and infection characteristics of 55 children with Scedosporium spp. and Lomentospora prolificans infection.
All patients Scedosporium spp. Lomentospora prolificans P value
N =55 N =33 N =22

Male (%) 38 (69) 22 (67) 16 (73) 0.769

Median age, years 9 10 8 0.188

range 1.3-18 1.3-18 3-17

IQR 5-14 7-15 5-11

Proven (according to EORTC/MSG criteria) 49 (89) 27 (82) 22 (100) 0.071

Predominant underlying condition, N (%)

Immunocompromised patients® 26 (47) 13 (39) 13 (59) 0.178
Malignancy 18 (33) 6 (18) 12 (55) 0.008 *
Chemotherapy 17 (31) 6 (18) 1 (50) 0.097
HSCT 6 (11) 3 (9) 3! (14) 1.000
Primary immunodeficiency? 6 (11) 5 (15) 1 (5) 0.384
HIV/AIDS 2 (4) 2 (6) 0 (0) 0.480

Febrile Neutropenia 8 (15) 2 (6) 6 (27) 0.202

Immunocompetent patients 29 (53) 20 (61) 9 (41) 0.178
Trauma 15 27) 7 (21) 8 (36) 0.014 *
Cystic fibrosis 4 (7) 4 (12) 0 (0) 0.280
Near drowning 7 (13) 7 (21) 0 (0) 0.066
No risk factor identified 3 (6) 2 (6) 1 (5) 1.000

Sites of infection, N (%)°
Blood 10 (18) 3 (9) 7 (32) 0.070
Brain 11 (20) 10 (30) 1 (5) 0.036 *
Eye 4 (7) 3 9) 1 (5) 0.642
Paranasal sinuses 2 (4) 2 (6) 0 (0) 0.511
Lung 15 27) 10 (30) 5 (23) 0.758
Abdominal 4 (7) 0 (0) 4 (18) 0.021 *
Bone/joint 15 (27) 5 (15) 10 (46) 0.028 *
Skin/deep soft tissue 9 (16) 9) 6 (27) 0.134
Disseminated® 22 (40) 12 (36) 10 (45) 0.580

P values (Scedosporium spp. vs Lomentospora prolificans cases).
°Numbers are super-additive.
IQR interquartile range.

1 Allogeneic (2), Autologous (1); 1 allogeneic HSCT for treatment of chronic granulomatous disease.
2 Scedosporium spp.: Chronic granulomatous disease (4), Hyper IgE Syndrome (1); Lomentosporaprolificans: Chronic granulomatous disease (1).
3 Includes: Fungemia, central nervous system infection if not caused by direct implantation, and infections at two or more non-contiguous anatomic sites; 1 Scedosporium

spp. infection of spine.
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groups with similar frequency. Patients with L. prolificans
compared to children with Scedosporium spp. infection presented
three times more frequently with fungemia (P = 0.07), bone/joint
infection (P = 0.028), and skin/deep soft tissue infection (P = 0.134).
Abdominal infections were caused by L. prolificans only (n = 4), all
in severely ill patients treated for underlying malignancy. Exceptin
one of these cases, where L. prolificans caused a necrotizing
enterocolitis and the infection progressed to the Kkidneys,
the patients had disseminated disease with positive blood
cultures; only one survived. CNS infections were mainly caused
by Scedosporium spp. (n = 10 [30%] versus n = 1 [5%] caused by L.
prolificans). Six of the 11 cases (55%) with CNS infection were
associated with near drowning accidents. The lungs were affected
in all patients with cystic fibrosis, whereas bone and joint
infections were mainly associated with traumatic injuries (9/15,
56%). Seven out of ten children with fungemia had at least one
additional organ affected. Eye infections were less common, and
associated with traumatic injuries (3 of 4 cases).

Fever at the time of diagnosis of invasive fungal disease was
frequently reported (n = 35, 64%). For eight (32% of the
immunocompromised) patients febrile neutropenia was noted
(Table 1). Clinical symptoms were mostly associated with the site

Table 2

of fungal infection, e.g., neurological symptoms were seen on 10/11
children (91%) with CNS infection and pulmonary signs such as
chest pain, dyspnea and cough in 10/15 patients (67%) with lung
involvement (data not presented).

Treatment and outcome

Independent of the causative organism, the majority of patients
received antifungal agents (53/55, 96%) and were treated surgically
(34/55, 62%) (Table 2). Specifically, surgical interventions were
performed in all patients with bone and joint infection, in six out of
eleven patients with CNS infection (abscess drainage) and in three
out of four patients with eye infection (vitrectomy in two, corneal
transplantation in one). Overall, immunocompetent patients were
more often surgically treated than immunocompromised patients
(22/29 [76%] versus 13/26 [40%], P = 0.056). The 13 immunocom-
promised patients without surgery died in a median of after 6 days
(IQR: 3-28), eight had severe disseminated disease, five with blood
stream infection due to L. prolificans. Voriconazole and amphoteri-
cin B were the most frequently administered antifungals, similar to
patients with Scedosporium spp. and L. prolificans infection (Table 2).
In contrast, terbinafine was more often used in children with L.

Antifungal therapy of Scedosporium spp. and Lomentospora prolificans infections in 55 children.

All patients Scedosporium spp. Lomentospora prolificans
N (%) N =55 N =33 N=22
Treatment strategy
Antifungals only 19 (35) 8 (24) 1 (50)
Antifungals and surgery 33 (60) 23 (70) 10 (46)
Antifungals and CVC removal 1 (2) 1 3) 0 (0)
Surgery only 1 (2) 1 3) 0 (0)
No treatment 1 (2) 0 (0) 1 (5)
Antifungal prophylaxis
Azole' 5 9) 4 (12) 1 (5)
Antifungals administered®
Amphotericin B 30 (55) 18 (55) 12 (55)
Itraconazole 19 (35) 10 (30) 9 (41)
Posaconazole 2 (4) 2 (6) 0 (0)
Voriconazole 32 (58) 21 (64) 1 (50)
Terbinafine 9 (16) 2 (6) 7 (32)
Echinocandin®* 7 (13) 3 (9) 4 (19)
Other antifungals® * 15 (27) 1 (33) 4 (18)
Monotherapy 16 (21) 8 (24) 8 (36)
Amphotericin B 3 (19) 0 (0) 3 (38)
Voriconazole 8 (50) 7 (88) 1 (13)
Other* 5 (31) 1 (12) 4 (50)
Sequential monotherapy’* 14 (25) 12 (36) 2 9)
Amphotericin B 6 (43) 5 (42) 1 (50)
Voriconazole, other azoles® 8 (57) 7 (58) 1 (50)
Combination therapy’~ 33 (55) 20 (61) 13 (59)
Terbinafine + azole® 10 (30) 2 (10) 8 (62)
Voriconazole + other® 9 (27) 6 (30) 3 (23)
Amphotericin B + other'® 12 (36) 10 (50) 2 (15)
Other combination'! 2 (6) 2 (10) 0 (0)
Median treatment duration, days (IQR)"? 88 (28-344) 92 (56-368) 36 (15-205)

°Numbers are super-additive.

1 Scedosporium spp.: fluconazole (1), itraconazole (1), posaconazole (1), posaconazole + voriconazole (1); Lomentospora prolificans: voriconazole (1).
2 Scedosporium spp.: caspofungin (3); Lomentospora prolificans: caspofungin (3), micafungin (1).
3 Scedosporium spp.: fluconazole (2), 5-flucytosine (3), miconazole (3), isoconazole (1), saperconazole (1); Lomentospora prolificans: fluconazole (2), 5-flucytosine (1),

multifosine (1).

4 Scedosporium spp.: itraconazole (1); Lomentospora prolificans: itraconazole (3), fluconazole (1).

5 Sequential mono: 15 administered agents in 7 patients (Scedosporium spp. (6), Lomentospora prolificans (1)).

6 Scedosporium spp.: voriconazole (3), itraconazole (2), miconazole (2); Lomentospora prolificans: itraconazole (1).

7 33 combinations in 30 patients (Scedosporium spp. (18), Lomentospora prolificans (12); two different combinations in 2 Scedosporium cases and 1 Lomentosporacase);
Switch from mono- to combination therapy: In 8 Scedosporium spp. and 7 Lomentospora prolificans cases.

8 Scedosporiumspp.: Terbinafine with voriconazole (2); Lomentospora prolificans: Terbinafine with voriconazole (7) and itraconazole (1).

9 Scedosporium spp.: voriconazole with ./amphotericin B (4), ./posaconazole (1), ./caspofungin (1); Lomentospora prolificans: .J]amphotericin B (2), ./caspofungin (1).

10 Scedosporium spp.: amphotericin B with ./itraconazole (6), ./5-flucytosine (2), ./posaconazole (1), ./caspofungin (1); Lomentospora prolificans: amphotericin B with

.Jitraconazole (1), ./5-flucytosine (1).

" Scedosporium spp.: 5-flucytosin with ./fluconazole (1), ./miconazole (1); Lomentospora prolificans: amphotericin B with ./itraconazole (2), ./5-flucytosine (1).
12 Treatment duration known for 30 Scedosporium spp. cases and 16 Lomentospora prolificans cases.
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prolificans infection (32% versus 6% in Scedosporium spp. cases, P =
0.022). Monotherapy or sequential and combination therapy were
given to 23 (42%) and 30 (55%) patients, respectively. There was no
major difference between the two patient populations except for
sequential monotherapy, which was administered mostly in
children with Scedosporium spp. infection. Patients received
systemic antifungals for a median of 88 days (IQR: 28-344), those
who survived for 195 days (IQR: 88-478). Five children
received triazoles for antifungal prophylaxis prior to diagnosis of
scedosporiosis for a median of 38 days (range 32-1,218).

Overall all-cause mortality was 46%, without a significant
difference between the pathogens (P=0.595) (Table 3). The mortality
rate for immunocompromised patients with L. prolificans-related
infection was higher compared to the Scedosporium spp. group (85%
versus 46%, P=0.097). Noimmunocompetent patient with infection
due to L. prolificans died, whereas mortality in the Scedosporium spp.
group was 40% (P = 0.033). Overall day-42 mortality was 31%,
significantly higher in the L. prolificans group (P = 0.018). All
immunocompromised patients with an L. prolificans infection died
within 42 days versus one out of six patients in the Scedosporium
spp. group (P=0.001) (Table 3). Twelve of the 17 (71%) patients who
died within 6 weeks after diagnosis had CNS or blood stream
infection, six of those with additional organ involvement.

The analysis of treatment strategies of children with Scedosporium
spp. infection revealed that seven patients received voriconazole as
monotherapy for a median of 138 days (IQR: 73-365). Five of these
seven patients survived; all were immunocompetent, four children
who had a trauma and underwent additional surgical debridement
and one child with pneumonia after near drowning. Eighteen
patients (55%) received combination therapy with at least two
antifungal agents, mostly including amphotericin B (n=13,72%)and
voriconazole (n =7,39%), either administered concomitantly (n =4,
22%) or in combination with other agents (amphotericin B with
other than voriconazole [n =9, 50%] or voriconazole in combination
with other than amphotericin B [n = 3, 17%]). Terbinafine was
administered together with voriconazole in two patients with
Scedosporium spp. infection, one with CNS infection after near
drowning who survived and one CGD patient with lung infec-
tion whose death was unrelated to the infection. Regarding the
other five patients with CNS infection after near drowning, one
survived with combination therapy of amphotericin B and itra-
conazole, whereas the other four died within two months despite
neurosurgical drainage of brain abscesses in three patients.

Of the eleven children who survived the L. prolificans infection,
nine were immunocompetent at time of diagnosis presenting with
bone, joint or deep soft tissue infection, and one of the two
children with leukemia presented with disseminated disease. Ten

of these underwent surgery in addition to systemic antifungal
treatment, which included voriconazole in nine patients, six in
combination with terbinafine. Only one out of seven children
with L. prolificans-related blood stream infection, all with
underlying malignancy, survived with voriconazole and terbina-
fine combination therapy for one year, whereas the other six
patients died within two weeks after diagnosis of the infection.

In total, of the nine children receiving a combination therapy of
terbinafine with triazole, six were immunocompetent and all
underwent surgery; eight (89%) of them survived and the one
death was unrelated to the fungal infection.

Overall, using a simple Cox regression model four dichotomic
variables were identified as potentially predictive for outcome:
compromised immune status at time of infection diagnosis
(P = 0.045), severe disseminated disease (P = 0.002), voriconazole
use (P=0.002), and surgery (P=0.001) (Table 4). Sex (P=0.164) and
species (P=0.273) were not significant in the simple Cox regression
but were included for further analysis. The final multivariable
regression model was adjusted for sex, species (Scedosporium spp., L.
prolificans), risk factors (near drowning, others in immunocompe-
tent patients, malignancy, allogeneic HSCT, others in immunocom-
promised patients), severity of infection (localized disease other
than lung, localized lung infection, severe infection [CNS infection,
fungemia, and dissemination to different organs]), combination
therapy, voriconazole use, amphotericin B use, and surgery.
Treatment for malignancy, especially allogeneic HSCT, and severe
infection were significantly associated with an increased risk of
death with adjusted hazard ratios of 8.33 (95% CI 1.35-51.40), 20.31
(95% CI 2.07-199.13) and 6.12 (95% CI 1.52-24.66), respectively
(Table 4). Near drowning was not significantly predictive for worse
outcome. Children had a lower risk of death if voriconazole and
surgery were part of the antifungal treatment regimen (HR 0.33
[95% CI 0.11-0.99] and HR 0.09 [95% CI 0.02-0.40], respectively).
Overall, the worst outcome was seen in children with severe
disseminated fungal infection inimmunocompetent (6/9 died, 67%)
and immunocompromised patients (8/12 died, 67%) (log rank
P = 0.562) (Figure 1). Mortality for patients receiving first-line
voriconazole compared to other antifungal agents was similar in
immunocompetent (2/11 [18%] versus 4/13 [31%] died, P = 0.649)
and in immunocompromised patients (3/3 [100%] versus 10/14
[71%] died, P = 0.541).

Discussion
In the present study, we summarized the current epidemiologi-

cal data on Scedosporium spp. and L. prolificans infections in
children, using patient information identified in the global

Table 3
Outcome of Scedosporium spp. and Lomentospora prolificans infections in 55 children.
N (%) All patients Scedosporium spp. Lomentospora prolificans P Value
N=55 N=33 N=22
Mortality overall, N (%)
Overall 25 (46) 14 (42) 1 (50) 0.595
Day 42 17 (31) 6 (18) 1 (50) 0.018
Mortality, Immunocompromised, N (%)
Overall 17 (65) (46) 11 (85) 0.097
Day 42 12 (46) 1 (8) 1 (85) 0.001
Mortality, Immunocompetent, N (%)
Overall 8 (28) 8 (40) 0 (0) 0.033
Day 42 5 17) 5 (25) 0 (0) 0.153
Observation time, days median (IQR)
Overall 180 (20 - 600) 197 (39 - 730) 90 (6 - 248) 0.065
Alive 517 (188 - 1091) 600 (180 - 1185) 220 (190 - 790) 0.464
Deceased 19 (5 - 74) 61 (16 - 148) 6(3-28) 0.009

P values comparing Scedosporium spp. with Lomentospora prolificans group.
IQR interquartile range.



D. Seidel et al./International Journal of Infectious Diseases 92 (2020) 114-122 119

Table 4

Logistic regression assessing factors influencing one-year survival in 55 patients with Scedosporium spp. and Lomentospora prolificans infection.

Univariate Multivariate
P value HR 95% CI P value Adjusted HR 95% ClI

Sex

Male 0.164 0.545 0.232 1.280 0.609 0.725 0.211 2.486
Species

Scedosporium spp. . . . . . . . .

Lomentospora prolificans 0.273 1.600 0.690 3.709 0.276 0.449 0.107 1.894
Risk factor

Immunocompetent . . . .

Immunocompromised 0.045 2438 1.022 5.817
Immunocompetent patients

Immunocompetent other . . . . . . . .

Near drowning 0.062 3.757 0.935 15.099 0.175 3.604 0.566 22.960
Immunocompromised patients

Immunocompromised other . . . . 0.860 1.249 0.105 14.884

Malignancy 0.041 8.777 1.092 70.526 0.022 8.335 1352 51.396

Allogeneic HSCT 0.038 10.283 1134 93.268 0.010 20.305 2.071 199.131
Site of infection

Skin/bone/joints localized . . . . . . . .

Lung localized 0.620 1.437 0.343 6.020 0.920 0.919 0.176 4.783

Disseminated CNS/blood/lung 0.002 5.063 1.803 14.214 0.011 6.118 1.518 24.658
Antifungal therapy

Voriconazole 0.002 0.248 0.104 0.596 0.048 0.333 0.112 0.989

Amphotericin B 0.693 1.187 0.507 2.778 0.388 1.823 0.466 7.122

Combination therapy 0.457 0.715 0.296 1.730 0.147 0.362 0.092 1.430

Surgery 0.001 0.153 0.062 0.376 0.001 0.093 0.022 0.401

HR Harzard Ratio, 95% CI confidence interval.

HR adjusted for sex, species (Scedosporium spp., L. prolificans), risk factors (near drowning, others in immunocompetent patients, malignancy, allogeneic HSCT, others in
immunocompromised patients), severity of infection (localized disease other than lung, localized lung infection, severe infection [CNS infection, fungemia, and dissemination
to different organs]), combination therapy, voriconazole use, amphotericin B use, and surgery.

1.0

0.8

0.6

Survival

0.4

0.2

log rank P = 0.001
0.0

0 100 200 300
Days

—-.— Competent / Other sites, n=20, events 2 ] *
------ Compromised / Other sites, n=14, events 7 ]°
- == Competent/ Severe infection, n=9, events 6 ]
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°P=0.1; *P=0.001

Figure 1. Survival curves for 55 children with Scedosporium spp. and Lomentospora
prolificans infections. Kaplan Meier curves for immunocompetent and immuno-
compromised patients with severe fungal infections (including fungemia, central
nervous system infection, and other disseminated infection) compared to other,
localized infections (including bone, joints, eye, and skin infections). Significant
differences are indicated with an asterisk below.

FungiScope® registry and the relevant literature published since
1990, when liposomal amphotericin B became available. As we did
not observe significant differences regarding patients character-
istics and one-year survival (Supplementary Table S1, matched
pair analysis (data not shown)), both patient populations were

combined for analysis. Recently, a comprehensive review on
epidemiology and clinical course of these infections included 264
adult patients (Seidel et al., 2019). We observed a predominance of
Scedosporium spp. (n = 33) over L. prolificans (n = 22) infection in
children, supporting the epidemiological trend we observed in
adults. Due to potential reporting bias, our data most likely does
not reflect the true incidence. A retrospective multicenter analysis
in adult leukemic patients estimated that infections due to
Scedosporium spp. and L. prolificans account for less than 1% of
mold infections (Caira et al., 2008).

In our analysis, Scedosporium spp. and L. prolificans infections
occurred slightly more often in immunocompetent than in
immunocompromised children (53% versus 47%), which was the
opposite in adults, where the infections were diagnosed more
often in immunocompromised patients (Seidel et al, 2019).
The difference might be explained by the fact that in the adults,
Scedosporium spp. and L. prolificans infections were seen in 58/118
patients after solid organ transplantation, a patient population
that is comparably uncommon in the pediatric setting. Corrobo-
rating the data in adults, disseminated disease was more common
in children with L. prolificans than with Scedosporium spp.
infection, mostly attributable to fungemia infection. Similar to
adults, most commonly affected sites were lungs, CNS, bone/
joints and skin with or without deep soft tissue involvement
(Seidel et al., 2019). CNS involvement was seen in children after
near drowning or traumatic injuries mostly, whereas in adults
the most common risk factor for CNS infection, besides near
drowning, was immunosuppressive treatment for malignancy or
solid organ transplantation. No child with endocarditis was
identified. In adults heart infection was mostly associated with
lung or heart transplantation and thorax or heart surgery;
these risk factors were not present in the pediatric cases. Eye
infections were infrequent in children because common risk
factors such as work related injuries, uncontrolled diabetes
mellitus and solid organ transplantation as seen in adults were
not present.
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Mortality was high, about half of the children died within a
median of three weeks after diagnosis of the infection. Not
surprisingly, the mortality rate was higher in immunocompromised
than immunocompetent children (65% versus 28%), which was
comparable to overall mortality in adults (51.3% for immunocom-
promised versus 29.5% for immunocompetent adults (Seidel et al.,
2019)). Disseminated infection was more frequent in immunocom-
promised patients; both are associated with worse outcome.
Notably, a significant proportion of children and adults died within
42 days after diagnosis of the fungal infection.

The treatment options for these infections are still limited, both
in children and adults, due to the intrinsic resistance of
Scedosporium spp. to numerous and of L. prolificans to almost all
antifungal agents (Tortorano et al., 2014). This also explains the
high risk of breakthrough infection in patients receiving antifungal
prophylaxis (Cornely et al., 2019). The 2014 European Society of
Clinical Microbiology and Infectious Diseases (ESCMID) and
European Confederation of Medical Mycology (ECMM) guidelines
recommend voriconazole first line treatment in combination with
surgical debridement for Scedosporium spp. infections (Tortorano
et al., 2014). The combination of voriconazole with another class of
antifungal drugs, such as polyene, echinocandin or terbinafine,
has shown synergistic effects against both Scedosporium spp. and L.
prolificans. However, combination therapy has demonstrated
variable clinical outcomes (McCarthy et al, 2018). Surgical
interventions are associated with improved outcome in our
dataset and should be considered for treatment of Scedosporium
spp. and L. prolificans whenever possible. Our analysis demon-
strates that, similar to adult patients (Seidel et al., 2019), the
mortality rates of children treated with voriconazole were lower
compared to those treated with other antifungals alone. The
combination of voriconazole with terbinafine may have a
beneficial effect on survival (Jenks et al., 2020). However, due to
the small number of children and the presence of numerous
confounding factors, it is not possible to draw a firm conclusion
from our dataset on the benefit of terbinafine in the setting of
combination therapy. Interestingly, terbinafine has been tested for
systemic therapy of invasive mold infections in several animal
models without showing useful efficacy and it was therefore not
developed in humans (Dixon and Polak, 1987; Schmitt et al., 1990).
The likely explanation is the strong lipophilicity and serum protein
binding that reduces bioavailability and hinders the drug
from reaching its target in the internal organ systems (Jensen,
1989; Schafer-Korting et al., 1995). Whether isavuconazole, which
is not approved for use in children, might be a treatment option is
unclear, as there are no data in children and data in adults are
inconclusive (Cornely et al., 2018). New antifungal agents, such as
olorofim or fosmanogepix (APX001), which demonstrate good in
vitro activity against Scedosporium spp. and L. prolificans, are
currently in clinical trials and may offer new treatment options for
children in the future (Biswas et al., 2018; Pfaller et al., 2019).

Infections caused by Scedosporium spp. and L. prolificans are
extremely rare, with few cases described in the pediatric
population. Immunocompromised patients, particularly those
with severe disseminated disease have a poor clinical outcome.
Similar to adult patients, voriconazole and surgical intervention
were associated with improved outcome, whereas the benefit of
terbinafine as combination therapy needs confirmation in a more
homogenous population. Newly developed antifungal agents show
promise and may soon be available for children with Scedosporium
spp. and L. prolificans infection.
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