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A systemic infection involved in lung, B

brain and spine caused by Scedosporium
apiospermum species complex

after near-drowning: a case report and literature
review
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Abstract

Scedosporium apiospermum species complex are widely distributed fungi that can be found in a variety of polluted
environments, including soil, sewage, and decaying vegetation. Those opportunistic pathogens with strong potential
of invasion commonly affect immunosuppressed populations However, few cases of scedosporiosis are reported

in immunocompetent individuals, who might be misdiagnosed, leading to a high mortality rate. Here, we reported
an immunocompetent case of systemtic infection involved in lung, brain and spine, caused by S. apiospermum
species complex (S. apiospermum and S. boydii). The patient was an elderly male with persistent fever and systemtic
infection after near-drowning. In the two tertiary hospitals he visited, definite diagnosis was extremely difficult. After
being admitted to our hospital, he was misdiagnosed as tuberculosis infection, before diagnosis of S. apiospermum
species complex infection by the metagenomic next-generation sequencing. His symptoms were alleviated after vori-
conazole treatment. In the present case, the details associated with its course were reported and published studies
on Scedosporium spp. infection were also reviewed, for a better understanding of this disease and reducing the misdi-
agnosis rate.
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Introduction

Scedosporium spp. are widely distributed in soils of tem-
perate climates, rather than tropical climates [1]. Sce-
dosporium boydii (Pseudallescheria boydii) was once
considered to be the sexual state of Scedosporium api-
ospermum. However, due to little difference in phyloge-
netic and clinical significance, both S. apiospermum and
S. boydii can be described as “Scedosporium apiosper-
mum species complex” [2].

At least 5 species of Scedosporium (S. apiospermum,
S. boydii, S. aurantiacum, S. dehoogii, and S. minutispo-
rum) can cause human infections [3], while S. apiosper-
mum and S. boydii are fonud to be the two most common
pathogens [4, 5]. They can cause systemic infections in
immunosuppressed individuals, such as organ transplant
recipients, and patients with hematological malignan-
cies or receiving long-term glucocorticoid therapy [5]. In
immunocompetent individuals, certain conditions, such
as near-drowning or injuries may let Scedosporium cause
therapy-refractory and life-threatening infections in the
central nervous system (CNS) or lung, including respira-
tory symptoms, superficial infections, and severe invasive
localized or disseminated mycoses [6, 7].

Scedosporium spp. are resistant to 5-flucytosine and
amphotericin B, as well as to the first generation triazole
drugs, fluconazole and itraconazole [5]. This species also
shows a reduced susceptibility to echinocandins (par-
ticularly caspofungin and anidulafungin) and the triazole
drug, isavuconazole. According to a global guideline for
the diagnosis and management of rare mould infections,
voriconazole represents the first-line treatment of Sce-
dosporium infections [8].

The clinical manifestations of Scedosporium infection
are complex, resulting in misdiagnosis. Here, we present
the case of an immunocompetent patient with a systemic
infection, which was found to be caused by S. apiosper-
mum and S. boydii using metagenomic next-generation
sequencing (mNGS). We also summarized literature
reviews on Scedosporium infection in immunocompetent
individuals.

Case report

The patient was a 70-year-old man who born and bred in a
suburb of Wuhan, China, and both agriculture and indus-
try exist in his surroundings. He had undergone lumbar
disc surgery, rheumatoid arthritis, hypertension, and lacu-
nar infarction. On April 26, 2021, he accidently fell into a
pond (standing water) in a field (Figure S1). Aspiration and
choking occurred spontaneously, and then fever, cough
and expectoration started to appear. The highest body
temperature reached 39.6 “C, and the patient suffered from
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paroxysmal cough with a small amount of white sticky
sputum, accompanied by shortness of breath, dizziness
and transient loss of consciousness, without any symptoms
of chest pain, hemoptysis, abdominal pain, hematemesis,
or limb dysfunction. He was quickly admitted to a local
hospital and was diagnosed with pulmonary infection. As
Klebsiella pneumoniae and Candida albicans were suc-
cessively cultured from deep sputum and the patient kept
fever, multiple antibiotics were adopted and switched
according to his clinical manifestation. With a drug combi-
nation of imipenem/cilastatin (500 mg/500 mg q.8.h. i.v.d),
amikacin (400 mg q.12.h. i.v.d), and voriconazole (200 mg
q.12.h. i.v.d) was adopted and lasted for 1 week, patient’s
clinical manifestation was partially improved. He was dis-
charged from the hospital on May 18, and did not adhere
to the medication regimen since then. However, ten days
after discharge, the patient developed fever again, with a
body temperature of up to 39 “C, accompanied by feeling
of tightness in the chest and shortness of breath, without
obvious cough or expectoration. Then, he visited Wuhan’s
Tongji Hospital where anti-infectives and oral antipy-
retic drugs were given in an emergency observation ward.
Although the body temperature returned to normal, recur-
rent fever persisted, which led to a second hospitalization
on June 1, 2021. Examination results showed increases in
the values of various infection indicators, multiple nodules
in both lungs from a computed tomography (CT) image
(Figs. 1 and 2). Patient was empirically treated with cefop-
erazone/sulbactam (1,500 mg/1,500 mg q.12.h. iv.d) and
micafungin (100 mg q.d. i.v.d). Three days later, Aspergillus
fumigatus was detected in bronchoalveolar lavage (BAL)
fluid using mNGS (number of sequences: 15), and cul-
ture of BAL fluid by blood plate and China blue agar plat
yielded K. pneumoniae again. However, the patient’s blood
culture (aerobic and anaerobic, up to 2 weeks), the (1,3)—f
-D dextran test (G test), and the galactomannan test (GM
test) were all negative. Therefore, micafungin was replaced
by voriconazole (200 mg q.12.h. i.v.d), and cefoperazone
and sulbactam was replaced by piperacillin/tazobactam
(3,000 mg/375 mg q.6.h. i.v.d). Besides, amikacin (280 mg
q.8.h. iv.d) was added into the treatment prescription.
However, the patient’s symptoms was not significantly
improved. On July 3, culture of BAL fluid was performed
again and only yielded C. tropicalis and C. glabrata. The
antifungal regimen was changed to posaconazole (400 mg
q.12.h. p.o) combined with micafungin (100 mg q.d. i.v.d).
Given his continuous high fever, piperacillin/tazobactam
was replaced by imipenem/cilastatin (500 mg/500 mg
q.8.h. i.v.d) combined with teicoplanin (400 mg q.d. i.v.d).
After treatment, the symptoms of dizziness and shortness
of breath disappeared, and the frequency of cough and
expectoration was reduced.
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Fig. 1 Timeline of patient journey. CT: Computed Tomography; mNGS: metagenomic next-generation sequencing; BALF: bronchoalveolar lavage
fluid; PET: positron emission tomography; MRI: magnetic resonance imaging; GCS: Glasgow Coma Scale; ROSE: rapid on-site evaluation
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Fig. 2 Alung CT (Computed Tomography) image showing multiple
nodules in both lungs

Unfortunately, the patient still experienced recurrent
episodes of fever, and had a significantly reduced abil-
ity to perform daily activities with fatigue leaving him
bedridden. Due to worsening symptoms of fever, cough
and expectoration lasting for 3 days, the patient was

eventually transferred to our hospital on July 26, 2021.
Antipyretic drugs were given to temporarily control the
body temperature which had been up to 39 °C (sustained
fever), but the symptom of cough with a small amount of
white sticky sputum remained. Meanwhile, symptoms of
chest pain, night sweats, hemoptysis, palpitation, wheez-
ing, abdominal pain, and diarrhea were not observed.
BAL fluid cultured yielded K. pneumoniae again, but by
Sabouraud dextrose agar (SAD) plat yielded negative.
Thus, moxifloxacin (400 mg q.d. i.v.d) was empirically
applied to treat infections before diagnosis of the specific
pathogen. On the 3™ day of admission, positron emission
tomography (PET)/CT imaging (Fig. 3) revealed mul-
tiple nodules and streaks in both lungs and destructive
osteolytic changes between T6 and T7, implying infec-
tious lesions. Based on the consultation results from the
Tuberculosis Department, the empirical anti-tubercu-
losis treatment was introduced, consisting of ethambu-
tol, pyrazinamide, rifapentine and isoniazid. Seven days
after admission, a thoracic spinal puncture at T6-T7
was performed with tissues sampled for examination.
The pathological analysis of bone tissues (Fig. 4) showed
excessive bone marrow tissues in trabecular bones, indi-
cating active hyperplasia of bone marrow, and S. boydii
(number of sequence: 1) was detected by mNGS. As the
number of sequences was very low, S. boydii was not con-
sidered as a pathogen, but as a pollutant. On the 10" day
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Fig.3 PET/CT (Positron emission tomography computed tomography) imaging revealed multiple nodules and streaks in both lungs
and destructive osteolytic changes between T6 and T7, implying infectious lesions. Large bullae and calcification nodules were found in the upper
lobe of the left lung

marrow
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of admission, contrast-enhanced magnetic resonance
imaging (MRI) was carried out for brain examination
and result indicated multiple scattered small foci of sig-
nal abnormality with enhancement in the brain, multi-
ple lacunar infarcts and ischemic foci (Fig. 5), according
to which the patient was initially diagnosed with infec-
tious disease, tuberculous meningitis in particular. This
hypothesis was further supported by persistent fever
and systemtic dysfunction. For further confirmation of
Mycobacterium tuberculosis infection, a series of tests
were conducted, including the purified protein deriva-
tive (PPD) test, contrast-enhanced spinal MRI, and
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genetic testing, but all results turned out to be negative.
Subsequently, lumbar puncture was performed on the
14 day of admission and cerebrospinal fluid (CSF) was
then collected for examination. CSF examination showed
a significant increases of total cell count (360x 10°/L),
white blood cell counts (189 10°/L), and trace protein
(2.16 g/L), while concentrations of chlorine and glucose
were at normal levels; Human herpes virus infection
indicated by mNGS (Table 1); culture yielded negative.
As a result, the patient was maintained with moxifloxa-
cin treatment and quadruple therapy for tuberculosis.
Twenty days after admission, lumbar puncture and CSF

Fig. 5 Contrast-enhanced MRI: The left temporal lobe (a) and lateral paraventricular (b) demonstrated abnormal signal and enhancement,
considering infectious lesions. The thoracic vertebrae (c) demonstrated abnormal signals unevenly enhanced at T6-T7 accompanied by slight

patchy enhancement of the swelling soft tissues in the vicinity

Table 1 Results of patient’s CSF examinations in admission

Date Total cells WBC count Chlorine (mmol/L)  Glucose Trace Adenosine Lactate Number of sequence
count (x108/L) (mmol/L) protein deaminase dehydrogenase
(x 108/L) (g/L) (U/L) (U/L)
11/8 360 189 108.91 148 2.16 - - HHV-4: 437
16/8 360 189 120.55 2.25 1.82 33 81 S.apiospermum: 1
19/8 4100 110 124.54 3.54 136 1.8 57 HHV-4:5; S. apiosper-
mum: 1; S.boydii. 2
20/8 621 594 114.06 2.05 1.68 2.1 55 -
23/8 3900 300 125.54 298 1.76 2.1 79 Negative
27/8 117 45 127.67 3.72 097 20 51 Negative
13/9 22 22 117.95 746 1.06 14 33 Negative

Character of 7 CSF samples were clear and colorless and Tuberculosis related examinations were always negative

S. apiospermum Scedosporium apiospermum, S.boydii Scedosporium boydii, HHV Human herpes virus
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examination were repeated. It’s cytologic and biochemi-
cal results showed no big change than before, however,
only 1 sequence of S. apiospermum was detected at this
time by mNGS. CSF culture still yielded negative. Sub-
sequently, the patient had his third lumbar puncture and
CSF examination on the 23™ day of admission, with the
reports showed the total cell count was nearly 11 times
increased compared to base line, but the WBC count and
trace protein decreased. mNGS porformed again and
Human herpes virus-4 (number of sequences: 5), S. boy-
dii (number of sequences: 2) and S. apiospermum (num-
ber of sequence: 1) were determined. On the 24™ day of
admission, the patient was found unresponsive to speech,
no eye-opening and no speech during examination, but
responses to painful stimuli with a Glasgow Coma Scale
(GCS) score of 5. From a new cranial CT scan, multiple
low-density lesions, mild hydrocephalus, and multiple
lacunar infarcts in the brain were observed. Furthermore,
contrast-enhanced MRI of the thoracic vertebrae dem-
onstrated abnormal signals unevenly enhanced at T6-T7
accompanied by slight patchy enhancement of the swell-
ing soft tissues in the vicinity, and hyperintense signals at
the intervertebral disc between T9 and T10 (Fig. 5). Then,
lumbar puncture and CSF examinations were carried out
for the fourth time, and it’s result showed a decreased
number of total cell count (621 x 10°/L) but an increased
number of WBC count (594%10°/L); the biochemical
results and number of pathogen sequence obtained using
mNGS Microbiologic rapid on-site evaluation of CSF
revealed a fungal spore, but culture still yielded negative.

Due to the history of near-drowning, it was suspected
that this case of systemtic infection (lung, brain and
spine) was caused by S. apiospermum species complex,
and antifungal therapy with voriconazole (200 mg q.12.h.
iv.d) was thereafter included to the existing regimen.
One week after voriconazole treatment, the body temper-
ature returned to normal, but the overall cognitive ability
was still poor. Though the patient was able to remember
his own name, he could not perform simple calculations
and had no memory of being admitted to the hospital.
With the treatment continued, the patient’s state of con-
sciousness was gradually improved, as evidenced by the
ability to perform addition and subtraction within 10 and
recognize some of his families after half a month of treat-
ment. The patient’s cognitive ability almost returned to
normal 3 weeks later when the patient could recognize
his families, remember his home address, perform mul-
tiplications and get out of bed. After discharge, voricona-
zole was changed to oral administration and the entire
treatment of scedosporiosis continued for 6 months. Fol-
low-up at 8 months after discharge, CNF mNGS detected
no microorganisms. The patient had sequelae of slow
response and no other special discomfort.
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Review and discussion

The incidence rate of scedosporiosis has been increas-
ing in recent years. As an emerging fungal pathogen,
Scedosporium spp. is receiving an increasing attention.
We searched PubMed to find articles on cases with Sce-
dosporium (including “Pseudallescheria/Scedosporium
complex’, except “Lomentospora prolificans”) deep infec-
tion in immunocompetent individuals, which were pub-
lished between 1982 and 2022 (Table 2).

Among the 28 published studies, there were 21 males
and 7 females infected by Scedosporium apiospermum
species complex. Age of those patients ranged from 1.5 to
83 years old. Besides, 15 patients (53.6%) suffered trauma
or near-drowing, and 3 patients (10.7%) received invasive
medical treatment, while any initial events of 10 patients
(35.7%) were not reported. The interval of 18 cases from
the initial event to onset ranged from 3 days to 6 years.

The most common infection sites were bone, muscle,
and joint (11 cases, 39.3%) followed by CNS (include
brain and endorachis, 9 cases, 32.1%) and lung (8 cases,
28.6%). Most importantly, 4 out of 9 cases with CNS
infection had a history of near-drowing. Fever was the
most common systemic symptom (13 cases, 46.4%),
which was often associated with infection dissemination.
Clinical manifestation of focal infections mainly included
local pain, swelling, and dysfuncion, while fever was
found in few cases.

S. apiospermum was found to be the causative patho-
gen in most of patients (21 cases, 75%), follow by S. boy-
dii (5 cases, 17.9%) and S. aurantiacum (3 cases, 10.7%).
Among 27 patients receiving anti-fungal drugs, voricona-
zole treatment was performed on 20 cases (71.4%) and
most of them (17 out of 20, 85%) had improved outcome,
while more than half of patients (4 out of 7, 57.1%) with-
out voriconazole treatment had poor prognosis.

Among 18 cured cases, treatment duration ranged
from 21 days to 23 months. The length of the treat-
ment duration was related to infection sites. Patients
with CNS infection need the longest treatment duration
(428 days + 174 days), followed by infections of cardiovas-
cular and lymph nodes (313 days+73 days), pulmonary
infection (215 days+77 days), and infections of bone,
muscle, and joint (166 days+ 102 days). The clinical out-
come of disseminated or CNS infection is dismal. Previ-
ous studies have shown that the mortality rate can reach
up to 65%-100%, once Scedosporium disseminates sys-
tematically or invades the brain [36].

Culture has always been gold standard of fungal infec-
tion diagnosis, and microscopy and molecular biology
methods such as sequencing or Matrix-Assisted Laser
Desorption/ Ionization Time of Flight Mass Spectrom-
etry (MALDI-TOF-MS) are often adopted after success-
ful cultivation. However, due to the low load of fungi in
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the CNS, culture is insensitive diagnostic tool. In our
case, blood and CSF samples were used to isolate patho-
gens many times. However, we cannot successfully isolate
any fungai. Fortunately, using mNGS, we successfully
detected Scedosporium from bone marrowand CSF spec-
imens, which was diagnosed as pathogen.

NGS is an emerging microbiological sequencing diag-
nostic approach which has advantages of culture-inde-
pendent, short turnaround time, and high efficiency in
cataloging and recognizing pathogens [37]. In this case,
although the number of reads detected was low, mNGS
results of samples from multiple sites were positive,
according to which doctors made a preliminary clinical
diagnosis of scedosporiosis. Fortunately, the patient had a
good response to the subsequent treatment with voricon-
azole, which also confirmed the correctness of the clini-
cal diagnosis. However, our case report has limitations,
including lack of classical evidence of fungal culture,
drug susceptibility testing, and precise species identifi-
cation. Future study should focus on howto improve the
accuracy and specificity of mNGS in fungal pathogen
detection to provide more information on fungal drug
resistance.

Conclusion

Collectively, scedosporiosis is a rare and challenging ill-
ness to diagnose. The pathogens should be confirmed as
soon as feasible for a patient who has risk factors, such
as being close to drowning, by microbiological analysis
and histological inspection of specimens taken from the
damaged tissues, along with clinical manifestations and
imaging data. Appropriate treatment should be provided
quickly so as to reduce the mortality rate.

Patients consent
Patients provided informed consent for the publication of
the cases.
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[ Additional file 1: Figure S1. The pond the patient accidentally fell into. ]
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