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Abstract

The Scedosporium apiospermum complex is a group of emerging opportunistic fungal pathogens
that affect both immunocompromised and immunocompetent individuals, most commonly via
lung infection. Although they are resistant to many antifungal agents, this group of pathogens has a
favorable susceptibility profile to azoles, especially voriconazole. Here, we describe the manage-
ment of S. apiospermum infection in an otherwise healthy 44-year-old woman. She had exhibited
intermittent hemoptysis for 2 years before admission to our hospital. Computed tomography
revealed a thin-walled and well-circumscribed cavitary lesion in the left upper lobe; the lesion was
filled with consolidative opacities. Fungal culture of bronchoalveolar lavage fluid specimens
revealed grayish-white mold; lactophenol cotton blue staining revealed acute angle branched
septate hyaline cylindrical hyphae, characteristic of S. apiospermum. Despite voriconazole
200 mg twice daily for 8 weeks, the patient showed no improvement; thus, her left upper
lobe was removed via thoracoscopic surgery. Her symptoms immediately improved and chest
radiography after surgical resection showed no evidence of radiological progression or reoccur-
rence. This report demonstrates that S. apiospermum lung infection may not respond well to
voriconazole alone in immunocompetent hosts; thus, surgery could be curative for these
patients.
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Introduction

Scedosporium apiospermum complex is a
group of emerging fungal pathogens pre-
sent in soil, sewage, polluted waters, and
human-impacted areas (e.g., farming land,
where it may affect farmers, gardeners, and
agricultural ~ workers).  According to
the European Confederation of Medical
Mycology/International Society for
Human and Animal Mycology, this com-
plex comprises five closely related filamen-
tous fungal species: S. apiospermum
sensus  stricto,  Scedosporium  boydii
(Pseudallescheria boydii), Scedosporium aur-
antiacum,  Scedosporium  dehoogii, and
Scedosporium minutispora."* Because of
the wide spectrum of clinical infections
reported thus far, the S. apiospermum com-
plex is currently regarded as one of the most
common molds that can cause infection in
humans. S. apiospermum complex causes
opportunistic infections in immunocompro-
mised patients. However, infections have
also been encountered in immunocompe-
tent individuals.”

S. apiospermum infection can comprise
superficial and localized skin and soft
tissue infections with extensions to tendons,
ligaments, bones, and internal organs; it can
also manifest as disseminated (systemic)
infection.” The lungs and foot are the
most commonly encountered sites of non-
opportunistic S. apiospermum infection.’
Several types of S. apiospermum infections
involve the lungs: transient local coloniza-
tion of the respiratory tract, bronchopul-
monary saprophytic involvement of

abnormal airways, allergic bronchopulmo-
nary reaction, fungus ball formation
(pseudallescherioma/scedosporioma), and
occasional invasive  pseudallescheriasis
(Pseudallescheria pneumonia).® Generally,
a distinctive clinical syndrome of pulmo-
nary infection in previously healthy, immu-
nocompetent  individuals  has  been
associated with near drowning in polluted
waters.®® Lung infections caused by S.
apiospermum complex in otherwise healthy
individuals without near drowning events
remain rare.

In vitro analyses of S. apiospermum have
demonstrated its susceptibility to several
antifungal drugs: voriconazole, miconazole,
albaconazole, posaconazole, and itracon-
azole.>'® Voriconazole is indicated as a
first-line antifungal agent for treatment of
S. apiospermum infections.'! Here, we
describe pulmonary S. apiospermum infec-
tion in an otherwise healthy and immuno-
competent woman, which was resolved by
surgical resection after voriconazole mono-
therapy had been ineffective.

Case report

Medical history

A 44-year-old woman, who had previously
worked at a vegetable plantation, was
admitted to West China Hospital of
Sichuan University (Chengdu, China) in
April 2018, with the complaint of intermit-
tent hemoptysis for 2 years. She reported
the following symptoms: productive cough
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with blood-streaked sputum, night sweats,
weight loss, and appetite suppression.
However, she denied breathlessness, dizzi-
ness, fevers, chest pain, nausea, or vomit-
ing. She had no history of smoking and
no history of unusual food or animal expo-
sures. Notably, she had no medical history
of notable pulmonary disorders. She had
previously undergone medical evaluations
at several institutions, which had not
resulted in a clear diagnosis. Empirical anti-
biotic therapies with third-generation
cephalosporin (cefdinir), macrolides (eryth-
romycin), and quinolones (moxifloxacin)
had been ineffective. Chest computed
tomography (CT) scans had revealed an
irregular and enhancing cavitary mass,
which consisted of a cavity and consolida-
tion within a single lesion in the left upper
lobe; there had been no signs of emphysema
or bullae. The patient underwent extensive
investigations for pulmonary tuberculosis,
with multiple hematological and sputum
examinations. Her anti-tuberculosis anti-
body titer was high, but other
tuberculosis-related parameters had not
shown notable findings. The patient had
received treatment for presumed pulmonary
tuberculosis for 6 months. No clinical or
imaging improvements had been observed;
thus, empirical anti-tuberculosis treatment
had been discontinued in October 2017.
The patient had experienced frequent mild
to moderate hemoptysis before admission
to our hospital.

Clinical examination and diagnosis

At admission, the patient was not taking
any medication and her vital signs were
normal. Physical findings were unremark-
able. Serology results were negative for
human immunodeficiency virus, hepatitis
B virus, and hepatitis C virus. Blood exam-
ination results were normal. T lymphocyte
subsets showed normal CD3%, CD4™, and
CDS8™" counts, as well as a normal CD4"/

CDS8™ ratio. IgG, IgA, and IgM levels were
within the corresponding normal ranges.
Comprehensive gastrointestinal examina-
tion revealed no source of bleeding. A CT
pulmonary angiogram on the third day
after admission excluded pulmonary
embolism and pulmonary vascular malfor-
mation. A chest CT scan revealed a thin-
walled and well-circumscribed cavitary
lesion in the left upper lobe; the lesion was
filled with consolidative opacities and was
accompanied by both minor bronchial dila-
tion and bilateral inflammatory shadows
(Figure 1). All other CT findings were unre-
markable. Bronchoscopy was then per-
formed; transbronchial biopsies and
bronchoalveolar lavage fluid (BALF) were
collected. The smear for acid-fast bacilli
and cultures for mycobacteria revealed neg-
ative results in both sputum and BALF. No
bacteria were observed on Gram stain anal-
ysis. Cytological analysis of both sputum
and BALF revealed no evidence of malig-
nancy. Repeated microscopic examinations
of BALF stained with lactophenol cotton
blue revealed acute angle branched septate
hyaline cylindrical hyphae, characteristic of
S. apiospermum (Figure 2a). Fungal culture
of BALF specimens subsequently revealed a
grayish-white colony and grayish-black
reverse (i.e., underside of the agar) after 1
week of incubation in Sabouraud glucose
agar (Figure 2b).

Treatment and resolution

The patient began treatment with intrave-
nous voriconazole 200 mg twice daily for
7 days, then switched to oral dosing for 7
weeks. Although the symptoms of night
sweats, weight loss, and appetite suppres-
sion were dramatically relieved, the patient
exhibited persistent hemoptysis and cough.
Chest CT revealed shrinkage of the consol-
idation in the left upper lung lobe; however,
a residual lesion remained (Figure 3).
Therefore, the patient was referred to the
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Figure I. Initial chest computed tomography scans. (a) Axial and (b) sagittal planes show a thin-walled and
well-circumscribed cavitary lesion filled with consolidative opacities on the left upper lobe, accompanied by
minor bronchial dilation and bilateral inflammatory shadows.

(a) | (b)

Figure 2. Fungal culture and staining findings. (a) Sabouraud dextrose agar culture shows growth of grayish-
white colonies and grayish-black reverse (i.e., underside of agar). (b) Lactophenol cotton blue preparation shows
hyaline branching septate hyphae with single conidia present on tips of erect conidiophores (<400 magnification).

thoracic surgery clinic in June 2018 and the mm x7 mm x 2.5 mm) and contained
left upper lobe was removed via video-  brown material; histopathological analysis
assisted thoracoscopic surgery (Figure 4a). confirmed the presence of pulmonary sce-
The excised mass was oval-shaped (11.5 dosporiosis (Figure 4b). After surgery, the



Liu et al.

patient continued treatment with oral vori-
conazole 200 mg twice daily for 6 months.
Chest CT imaging performed at 3
(Figure 5a), 6 (Figure 5b), and 12
(Figure 5c¢) months after surgical resection
did not show any signs of radiological pro-
gression or recurrence. Thus far, the patient
has remained asymptomatic for 1.5 years

Figure 3. Chest computed tomography scans
before surgery.

after surgery. The patient provided written
informed consent for the publication of this
case, in accordance with the guidelines of
the Clinical Research Ethics Committee of
the West China Hospital of Sichuan
University.

Discussion

In our patient, S. apiospermum infection in
the lung manifested as a saprophytic pro-
cess, resulting in the development of a
fungus ball in an otherwise healthy and
immunocompetent host without obvious
lower respiratory tract abnormities.
Notably, S. apiospermum lung infection
did not respond to voriconazole monother-
apy and surgical resection was curative for
our patient.

S. apiospermum conidia enter the respi-
ratory tract via inhalation. In a process sim-
ilar to that of pulmonary aspergillosis, S.
apiospermum conidia may be cleared
mechanically by the mucociliary escalator
mechanism or by pulmonary alveolar

Figure 4. Gross anatomical and histopathological findings. (a) Mass removed by video-assisted thoraco-
scopic surgery. (b) Histopathological staining of resected lung tissue shows thin, delicate, septate hyphae
branching at acute angles (Gomori-methenamine silver stain, x400 magnification).
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(c)

Figure 5. Chest computed tomography scans show no radiological progressions or reoccurrence at 3 (a),

6 (b), and 12 (c) months after surgery.

macrophages. If macrophages are unable to
destroy these conidia, polymorphonuclear
leukocytes and mononuclear lymphocytes
are then necessary to control the conidia.’
However, immunocompromised hosts may
be unable to mount such a response due to
the presence of various immune defects. In
immunocompetent hosts, S. apiospermum
colonization in airways may also be perma-
nent. In most affected patients, saprophytic
involvement in the lower respiratory tract
occurs in the context of mucosal dysfunc-
tion or presence of preformed cavities (e.g.,
bronchiectasis, chronic obstructive bron-
chopulmonary disease, tuberculosis,
cystic fibrosis, or Job’s syndrome).’
Furthermore, S. apiospermum exhibits var-
iable susceptibility to phagocytosis by mac-
rophages, which may be related to
differences in pathogenicity among S. apio-
spermum isolates.'> The wide range of min-
imum inhibitory concentrations needed to
inhibit the growth of 50% of S. apiosper-
mum isolates illustrates these differences in
pathogenicity.” Moreover, potential media-
tors released from S. apiospermum mycelia
are capable of degrading human fibrinogen
and laminin, thereby offering a possible
escape mechanism from host effector cells;
this may allow invasive fungal cells to
migrate into deeper adjacent tissues.'>'* S.

apiospermum formed a “fungus ball” in our
patient. This “fungus ball” is considered to
develop from necrotic host tissue, due to
fungal invasion and vascular thrombosis
in the lungs."” Often, cavitary or cystic
lung disease (e.g., tuberculosis, sarcoidosis,
and previous bacterial infections) may
herald the formation of a fungal ball
Serial CT scans in our patient revealed
mild bronchiectasis in the left upper lobe,
which presumably resulted from the fungal
infection rather than preformed dilated
bronchi; no bronchiectasis was observed
radiographically during the current admis-
sion, nor was it reported in the patient’s
medical history. Because the patient had
no obvious immunodeficiency or pre-
existing lung structural damages, the
potent pathogenicity of this S. apiospermum
isolate may have caused saprobic infection
and formation of the “fungal ball.”

Our recent review revealed a delay of 5.5
months in the diagnosis of Scedosporium
infection in immunocompetent patients;'®
this was much longer than the duration
reported for patients with a history of
near-drowning.'” Diagnostic delays may
lead to inappropriate treatment with grave
consequences, even in immunocompetent
patients. Therefore, a systematic diagnostic
approach is needed to accurately identify
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the infectious agents and ensure both timely
and appropriate therapy. Because of the
nonspecific  clinical presentation and
radiographic findings in patients with S.
apiospermum complex infections, cytopa-
thological and/or histopathological meth-
ods are the main approaches for detection
of these infections.'® In our patient, the
diagnosis of S. apiospermum infection was
confirmed by fungal culture, which revealed
floccose, grayish-white colonies; diagnosis
was also supported by typical histological
manifestations of hyphal structures. The
clinical and radiographical manifestations
of pulmonary scedosporiosis resemble the
manifestations of aspergillosis. Although
these fungi share similar hyaline hyphal
structures, ™' *?° Aspergillus displays a regu-
lar, dichotomous branching pattern in
cytology and histopathological sections,
while Scedosporium exhibits a more irregu-
lar branching pattern and terminal
annelloconidia.?!

Because of the ubiquity of this group of
molds in the environment, caution should
be exercised when making a diagnosis of
S. apiospermum infection. When these
organisms are isolated in clinical specimens,
it is important to consider the source of
each specimen, the number of times the
fungus was isolated (especially in patients
with pulmonary infections), and the under-
lying condition of the patient.’ In our
patient, we made the diagnosis of active S.
apiospermum infection, rather than fungal
colonization or contamination, for the fol-
lowing reasons: (i) S. apiospermum does not
appear to frequently colonize humans, and
opportunistic colonization by this pathogen
is relatively unlikely in immunocompetent
hosts;* (ii) BALF specimens were carefully
handled to avoid contamination and posi-
tive isolation was confirmed in both sputum
and BALF specimens; (iii) S. apiospermum
was identified on microscopy in multiple
cytologic specimens; (iv) the patient had
several episodes of clinical symptoms

leading to admission or treatment; and (v)
improvements in both CT scans and clinical
symptoms were observed after surgical
removal of the apparent site of infection.
Because members of the S. apiospermum
complex are not commonly encountered in
the clinical laboratory and there are no val-
idated methods for determining their resis-
tance to any antifungal agent, antifungal
susceptibility testing was not performed
for isolates from our patient. Treatment
with voriconazole was initiated based on
clinical reports, as well as prior in vitro
and in vivo susceptibility studies.” Whereas
treatment of infections caused by S. prolif-
icans is often challenging because of its
extensive resistance to all currently avail-
able antifungal agents, infections caused
by S. apiospermum have been reported to
exhibit antifungal susceptibility in both
patients and animals.” Amphotericin B,
itraconazole, and echinocandins exhibit
variable in vitro or in vivo activity against
isolates of S. apiospermum.>> %>
Voriconazole is a novel broad-spectrum tri-
azole, which remains under investigation; it
is indicated as a first-line antifungal medi-
cation for the treatment of S. apiospermum
with robust in vitro antifungal activity.'®!
Other azoles with weaker antifungal activi-
ty include miconazole, albaconazole, posa-
conazole, and itraconazole.'®'! A recent
review identified voriconazole as the most
common monotherapy for the treatment
of S. apiospermum lung infections in immu-
nocompetent patients, especially in the past
5 years. Whereas outcomes were generally
dismal after voriconazole monotherapy in
immunocompromised patients with S. apio-
spermum lung infections, the overall
response was 83.3% in immunocompetent
patients with S. apiospermum lung infec-
tions.'® However, voriconazole is inhibito-
ry, rather than fungicidal.***” Voriconazole
treatment was ineffective for our patient;
thus, surgical resection was necessary.
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A recent systematic review revealed that
postoperative systemic antifungal treatment
was performed in five of 22 immunocompe-
tent patients with pulmonary Scedosporium
spp. infection who underwent surgery to
ensure treatment efficacy or prevent recur-
rence.'® Among these five patients, postop-
erative voriconazole was administered in
two; treatment durations were 3 months
and 4 months, respectively.”®?’ In our
patient, a 6-month course of postoperative
systemic voriconazole treatment was pre-
scribed; no drug-related side effects were
observed. Although the recurrence of S.
apiospermum lung infection has not been
conclusively established, a high potential
for recurrence was reported in patients
with eumycetoma who had undergone sur-
gery.”®! This recurrence may have been
related to the presence of undiagnosed sub-
clinical lesions, robust fungal defense
against antifungal drugs, or incomplete sur-
gical procedures.’” Importantly, even in
patients who exhibited clinical cure after
surgery, later exogenous reinfection may
occur. Therefore, the relationships of mor-
tality and recurrence with the use of post-
operative antifungal therapy should be
investigated in future studies.

Saprobic involvement of S. apiospermum
could occur in immunocompetent hosts
without obvious pre-existing cavitary
lesions, potentially in relation to robust
fungal pathogenicity. Antifungal suscepti-
bility testing might aid in pharmacothera-
peutic management of S. apiospermum
infections; surgery could be curative for
affected patients.
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