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Summary

Objectives: The aim of this study is to highlight the importance of infections caused by members of
the genera Pseudallescheria/Scedosporium in HIV-positive patients.

Methods: We describe a case of a fatal scedosporiosis in a treatment-naive HIV patient and review all
previously reported cases of pseudallescheriosis/scedosporiosis from a search of the PubMed and
Deutsches Institut fur Medizinische Dokumentation und Information (DIMDI) databases, applying the
terms ‘Pseudallescheria’, ‘Scedosporium’, ‘Allescheria’, ‘Monosporium’, ‘Petriellidium’, ‘boydii’,
‘prolificans’, ‘inflatum’, cross-referenced with ‘HIV’ and ‘AIDS’.

Results: Detection of Scedosporium and Pseudallescheria species has been reported in 22 HIV-
positive patients. Fourteen isolates belonged to the Pseudallescheria boydii complex and eight to
Scedosporium prolificans. Invasive scedosporiosis (IS) was proven in 54.5% of the patients. Among
them dissemination was observed in 66.7%. Pseudallescheria/Scedosporium species were mainly
isolated from male individuals. Patients with proven IS showed CD4+ cell counts <100/ul and a higher
co-infection rate as compared to colonized patients. Patients with central nervous system (CNS)
manifestations showed CD4+ cell counts <50/ul. The mortality rate for patients with proven IS was
75% and was 100% for patients with dissemination/CNS manifestations. The fatality rate for patients
treated with antifungal drugs plus surgery was lower compared to patients treated with antimycotic
agents alone.

Conclusions: IS only occurred in HIV-positive patients with a strongly impaired immune system. The
survival rates of patients with advanced HIV disease and invasive scedosporiosis can be improved by
rapid diagnosis by biopsy and requires complex therapy with a combination of active antifungal drugs,
surgery and supportive immune augmentation.

1. Introduction

Opportunistic mould infections have been considered an infrequent complication of the HIV disease.
Pulmonary aspergillosis, listed as an opportunistic infection in HIV-infected adults and adolescents by
the Centers for Disease Control and Prevention (CDC), is the most frequently diagnosed clinical
feature in this risk group.' Reports on diseases caused by other species such as zygomycetes and
Pseudallescheria/Scedosporium species are rare. Nevertheless, in retrospective autopsy studies, a
substantial number of fatal cases have been characterized following missed ante-mortem diagnosis.’



In this article, we present a case of a cerebral infection due to Scedosporium apiospermum in a patient
with AIDS. Based on a literature review we highlight the importance of this fungal organism and

related species, most frequently resistant to amphotericin B, as causes of life-threatening infections in
individuals with advanced HIV disease.

2. Case report

A 31-year-old cachectic woman was admitted to a secondary hospital because of progressive
neurological symptoms without further specification (June 2007). Based on these symptoms, a positive
Toxoplasma antibody titer, and typical contrast-enhanced lesions on magnetic resonance imaging
(MRY), cerebral toxoplasmosis was suggested. Toxoplasmosis, cachexia, and pharyngeal candidiasis
were highly suggestive of an HIV infection, which was confirmed by an HIV-1 RNA level of 306 000
copies/ml and a CD4+ cell count of 31 cells/ul. Toxoplasma encephalitis (TE) was first treated with
pyrimethamine, sulfadiazine, folic acid, and corticosteroids. Sulfadiazine was changed to clindamycin
because of an allergic skin reaction. Further diagnoses were cytomegalovirus (CMV) reactivation
diagnosed by CMV pp65 antigenemia, and herpes simplex virus (HSV) reactivation confirmed by
positive PCR from blood samples. The HSV infection was treated with intravenous acyclovir therapy.
Antiretroviral therapy (ART) was initiated with abacavir/lamivudine and ritonavir-boosted amprenavir.
The Candida albicans pharyngitis was treated with fluconazole. The patient responded well to the
therapy, resulting in a decrease in the neurological symptoms, a reduction in the cerebral foci, a
decline in the HIV viral load to 117 copies/ml, and an increase in the CD4+ count to 150/ul. On day 53
after admission the patient was discharged from the hospital.

Three weeks later (day 74) the patient suffered from paresthesia, paresis of the left side, and reduced
taste sensation. She tended to tilt but had no fever. At admission to the University Clinic Magdeburg
the following parameters were apparent: C-reactive protein (CRP) 21.5 mg/l, leukocytes 12.9 x 10°1,
CD4+ cell count 16 cells/ul, HIV viral load negative. MRI showed multiple foci localized in the
cerebrum, cerebellum, and in the basal ganglia concordant with TE (Figure 1). Neurological symptoms
were considered as a side effect of the pyrimethamine therapy, resulting in a dose reduction to

100 mg/day. ART and antiparasitic therapy were continued as recommended. Clinical symptoms
declined and the woman was again discharged from hospital after 6 days (day 79).

Three weeks later (day 94) the patient was re-admitted to the hospital in a poor general condition
(days 94-114). A detailed examination showed paralysis of ocular movement, anisocoria, ataxia, and
hyperreflexia of the right side. Laboratory findings showed a CD4+ cell count of 45/ul and an HIV viral
load of 1120 copies/ml. The spinal fluid showed <5 cells/pl, an increased protein concentration of

746 mg/l (normal <450 mg/l), and a massive disturbance of the blood—brain barrier. PCR testing of the
cerebrospinal fluid (CSF) targeting HSV1/2-, CMV-, and Toxoplasma gondii-specific genes, as well as
screening tests for cryptococcal antigen were negative. MRI was unchanged.

Four weeks later (day 146) the patient became stuporous and had repeated convulsions. Her CD4+
count was 30/ul and HIV-1 RNA level was <40 copies/ml. Surprisingly, MRI revealed an additional
mass measuring 4 x 4 cm in the right basal ganglia, surrounded by a pronounced focal edema with
collapse of the ventricular system and a dislocation of the midline (Figure 2). A stereotactic biopsy was
performed. Microscopic examination from the biopsy revealed tissue invasion (Figure 3) by branched,
septated hyphae (Figure 4). Thus, a combined antifungal therapy with voriconazole and caspofungin
was started. The course of disease was further complicated by multi-organ failure. The patient died on
day 166. Permission for autopsy was denied.

2.1. Additional microbiological investigations

After 2 days of incubation at 37 °C a hyphomycete was detectable from cultures of the brain biopsy on
blood agar plates. Macro- and microscopic features allowed a primary classification to the
Pseudallescheria boydii complex. Based on sequence analysis of the internal transcribed spacer (ITS)
regions, the isolate was identified as S. apiospermum. In vitro susceptibility testing revealed minimum
inhibitory concentrations (MICs) of 2 ug/ml for voriconazole and >16 ug/ml for terbinafine, and a
minimal effective concentration (MEC) of 0.5 pg/ml for caspofungin after 48 h of incubation. The
isolate was deposited in the strain collection of the Reference Laboratory of Mycology (Robert Koch



Institut (RKI), Berlin, Germany) under the number RKI 07-0571. The sequence of the ITS regions was
submitted to the NCBI database and is available under GenBank accession number HQ857581.

3. Methods

Because of several taxonomic changes we searched PubMed and the Deutsches Institut fir
Medizinische Dokumentation und Information (DIMDI) databases with the keywords:

‘Pseudallescheria’, ‘Scedosporium’, ‘Allescheria’, ‘Monosporium’, ‘Petriellidium’, ‘boydii’, ‘prolificans’,
‘inflatum’, cross-referenced with ‘HIV’ and ‘AIDS’ in order to identify published cases of
Pseudallescheria/Scedosporium sp in HIV-infected persons.

A total of 24 additional cases, 22 in English and two in Spanish, were identified as dealing with these
pathogens in HIV-infected people. The cases are listed in Table 1 in chronological order of the year of
publication. It must be noted that cases 12 and 15 describe the same patient; this is also the case for
cases 13 and 22. In addition, cases 23 and 24 most likely refer to the same patient. Hence these
cases were summarized and counted as one case each. Thus, a total of 22 case reports (including the
case presented here) were analyzed with regard to the following criteria: causative species, clinical
symptoms, manifestations of the disease, complications, concomitant diseases, laboratory findings,
treatment regime, and outcome, if available. Case 4 was only published as an abstract.

Invasive infections due to these pathogens are entitled ‘invasive scedosporiosis’ (IS). The cases were
defined as ‘proven’ according to the definitions of the European Organization for Research and
Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of
Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) consensus group.3 Patients
without signs and symptoms of clinical disease were categorized as colonized, including those with
fungus ball formation in pre-existing cavities without demonstration of fungal elements in diseased
tissue.

The co-infection rate was calculated from the number of diseases per case.

Based on new morphological, physiological, and molecular data, the taxonomy of the fungi belonging
to the genera Pseudallescheria and Scedosporium has been revised in recent years. P. boydii and S.
apiospermum are now described as two distinct species grouped into the newly defined P. boydii
complex. 12" Blscedosporium prolificans, formerly Scedosporium inflatum, is distantly related to the
P. boydii complex.

4. Results

Detection of Scedosporium and Pseudallescheria species has been reported in 22 HIV—Positive
patients (Table 1), © 7} 3. (9} 001 (11}, 12], (23], [14], 125), (161, 127), (18], 119], 20} 21], 22} 23], 4], 291, [26] and 7] £y ey

isolates belonged to the P. boydii complex and eight to S. prolificans.

The most frequent portal of mould entry was the respiratory tract (68.2%). In 86.7% of these cases the
moulds were present in the lung and in 13.3% in the paranasal sinuses. Three of the 22 patients
(13.6%) suffered from otitis externa, whereas in four patients (18.2%) the portal of entry remained
unclear.

Invasive scedosporiosis was proven in 12 of the 22 patients (proven IS; 54.5%). Ten patients met the
criteria of ‘colonization’, including three patients harboring a fungus ball in pulmonary cavities. One
patient with fungus ball formation developed localized invasive infection, which was proven by
histology. One patient was co-colonized with two species, S. apiospermum and S. prolificans.

Proven invasive fungal infection was caused by members of the P. boydii complex in eight patients
and by S. prolificans in four patients.



IS was disseminated in eight of the 12 cases and was proven by either fungemia or autopsy (66.7%).
Five of these patients developed central nervous system (CNS) manifestations.

Patients suffering from proven IS had 3.6 opportunistic diseases per case, whereas patients who were
only colonized showed a co-infection rate of 2.0 on average (Table 2). Reactivation of members of the
family Herpesviridae and candidiasis were the most frequently reported opportunistic infections. These
were more frequent in patients developing disseminated rather than localized infections.

Co-isolation or infections due to Aspergillus species and Pseudomonas aeruginosa infections were
exclusively observed in patients with proven IS.

The clinical outcome of the patients was fatal in 14 out of the 22 cases (63.6%, Table 1). Nine of all
reported patients died as a result of their fungal disease, leading to a mortality rate of 40.9% (Table 3).

Among the patients with proven IS, 75% (n = 9/12) died, whereas 25% of the patients responded to
therapy and survived (n = 3/12). In one of these cases the cause of death remains unknown. All
survivors had localized infections caused by members of the P. boydii complex. In contrast, all patients
suffering from proven S. prolificans infections died.

CD4+ cell counts were available for 15 of the 22 patients (Table 2). Ten of the 15 patients had cell
counts <50/ul (66.7%). In addition, CD4+ counts <50/pl were reported from 62.5% of the patients with
proven IS and from 71.4% of the colonized patients. The mean CD4+ cell count of the colonized
patients was about three times higher than that of patients with proven IS. All patients with CNS
manifestations showed CD4+ cell counts <50/pl.

The HIV viral load was reported in seven of 22 patients (31.8%). Two of them were colonized and five
patients suffered from proven IS. Patients with proven localized infections had a ca. two-fold higher
viral load than colonized patients. Significant data about ART onset and virus resistances were not
available.

ART was reported in detail in seven of 17 cases (41.2%) with previously known HIV infection (Table
4). Five patients were ART-naive because pseudallescheriosis/scedosporiosis was the first
manifestation of the AIDS disease. Two of them died before ART could be administered. No data were
available for 10 cases.

Altogether seven of the cases were published in the era before highly active antiretroviral therapy
(HAART) was introduced. Four of them suffered from proven IS, three patients were colonized. In
three of the cases with a proven IS fungal infection was the first manifestation of the HIV disease. All
patients with proven IS died.

Fifteen cases were reported since the introduction of HAART. Among them were eight patients with
proven IS and seven patients who were colonized. For two patients the detection of
Pseudallescheria/Scedosporium sp guided to the diagnosis of AIDS. Of the eight patients with proven
IS, three responded to therapy.

Antifungal treatment regimes (Table 4) were administered to nine of the 12 AIDS patients suffering
from proven IS owing to the isolation of Pseudallescheria/Scedosporium species from a clinical
specimen (75%). Five of these patients were treated with antifungal agents alone and four underwent
surgery in addition to antimycotic therapy. No patient was treated with surgery alone. Three patients
died before antifungal treatment could be started.

Granulocyte colony-stimulating factor (G-CSF) was administered in three cases, and granulocyte
macrophage colony-stimulating factor (GM-CSF) and interferon-gamma (IFN-y) were administered in
one case each (Table 4).



5. Discussion

Invasive or disseminated infections due to the genera Pseudallescheria/Scedosporium have been
reported in immunocompetent and in immunocompromised patients. 28 129 B0 [B11and 32] ty)v/ infection
per se has not been considered a major risk factor for mould infection, because the innate host
defense is impaired only in the late stage of AIDS disease. Risk factors associated with the
identification of Aspergillus sp in respiratory specimens from HIV-seropositive individuals have been
found to be neutropenia, a CD4+ count <30 cells/ul, corticosteroid use, and Pneumocystis jirovecii
infection.®® Since members of the P. boydii complex and S. prolificans show virulence and clinical
spectra similar to those of Aspergillus species, similar risk factors could be suggested.?* At the time
point of diagnosis of IS in our patient, her CD4+ cell count was <30/ul and the treatment regime of TE
included corticoids. Reviewing the published cases, CD4+ counts <50/ul did not differ significantly
between colonized and infected individuals. Nevertheless, patients with proven IS showed lower mean
CD4+ cell counts and a higher co-infection rate as compared to patients only colonized by
Pseudallescheria/Scedosporium species.

Corticosteroids have a profound effect on the distribution and function of neutrophils, monocytes, and
lymphocytes and are therefore reported to be associated with an increased risk of invasive
aspergillosis in allogeneic hematopoietic stem cell transplant (HSCT) recipients.35 In addition, in vitro
investigations have shown that corticosteroids directly stimulate the growth of Aspergillus fumigatus,
an effect not demonstrated for Pseudallescheria/Scedosporium species so far.*® Previous
corticosteroid treatment did not seem to influence the acquisition of Pseudallescheria/Scedosporium
sp as it was administered in only four of the 12 patients with subsequent development of proven IS.
Fluconazole prophylaxis given after cryptococcal disease did not prevent other mould infections like IS
because fluconazole is ineffective against Pseudallescheria/Scedosporium species.

Analysis of the cases regarding the gender distribution showed a marked preponderance of males
over females, resulting in a male/female ratio of 5:1 for patients with proven IS. Interestingly,
Mylonakis et al.,*” who analyzed 342 cases of pulmonary aspergillosis in AIDS patients, observed a
male/female ratio of 4.9:1. As the gender distribution of HIV disease in Europe and Northern America
is approximately 31,%a predisposition for the male is suggested.

Members of the P. boydii complex are ubiquitously distributed in soil and water, whereas S. prolificans
is primarily isolated from soil and plants.39 Furthermore, S. prolificans is geographically more restricted
than members of the P. boydii complex. Thus, members of the P. boydii complex were more common
in patients with advanced HIV disease as compared to S. prolificans. The origin of the patients
colonized or infected by S. prolificans correlates with known endemic areas in the northern part of the
Iberian Peninsula, Australia and the USA. 24219 nfections have rarely been reported from other
countries. 1242l

Filamentous fungi enter the respiratory tract via inhalation; the skin, wounds, and eyes are infected by
direct inoculation.*® The respiratory tract, including the lung, was the most frequently reported portal of
entry for Pseudallescheria/Scedosporium sp in patients with advanced HIV disease. Interestingly,
members of the P. boydii complex infected the host either via the respiratory tract or the external
auditory canal, whereas S. prolificans exclusively infected the lung. In our patient, the mode of entry
remains unclear. Small foci can be unapparent during the initial stages of the infection and maly not be
detected by radiographic means.** Similar observations have been described by Nenoff et al., % as
chest radiographs revealed no signs of pulmonary infiltration, but autopsy showed mycaotic infiltrates in
the left upper lobe of the lung.

In persons exposed to a high environmental inoculum of spores and with underlying pulmonary
diseases, transient airway colonization may become persistent. Colonization of the respiratory tract
due to S. apiospermum and S.(Prolificans was extensively evaluated in cystic fibrosis patients and in
liver transplant recipients. #22" 3l oyr review shows that colonization of the airway tract is not a rare
event in AIDS patients. Interestingly, fungus ball formation in AIDS patients was exclusively caused by
members of the P. boydii complex, although the lack of cases with fungus ball formations by S.
prolificans may be due to the limited number of case reports. Nevertheless, in contrast to Aspergillus
species, the role of members of the P. boydii complex or S. prolificans as airway colonizers is not well
accepted and the risk for the development of invasive or disseminated diseases should not be
underestimated, especially when the immune system is impaired, as was demonstrated in case 23.



(26land 27 Thys, colonized patients with underlying immune diseases should be subjected to regular
follow-up evaluations.

As illustrated in our case, CNS involvement represents a devastating complication of
pseudallescheriosis/scedosporiosis. The species are frequently reported to exhibit a particular tropism
for the CNS, but the mechanisms of the host defense evasion and damage of the blood—brain barrier
remain largely unexplained. 1€ 47 [481. 1491and 501 4his study, CNS manifestations were observed in
41.7% of the AIDS patients with proven IS. Since the rate of dissemination in previously healthy
patients, for example after near-drowning, is similar to the data presented here, immunosuppression
appears not to be a precondition for CNS manifestations. P 5224535 oyr patient, TE was suspected
based on typical contrast-enhancing masses in the MRI, neurological symptoms, seropositivity for
Toxoplasma-specific IgG antibodies, and initial remission of clinical symptoms after administration of
antiparasitic therapy. Since similar lesions of different size were the most common finding reported
from CNS infections due to members of the P. boydii complex,>* a computed tomography (CT)-guided
needle biopsy at the first time of deterioration would have been required to confirm the diagnosis in our
patient.

Mimicking the clinical features of certain other important filamentous fungi,
Pseudallescheria/Scedosporium species cannot be distinguished from others by the use of histological
methods exclusively. Therefore, rapid identification of the infectious organism by molecular methods in
parallel to cultures is mandatory and necessary due to the poor response of the species to
amphotericin B, 47} [551and [56]

Mortality rates after invasive fungal infection are high, especially in patients with disseminated
infections. In this study we calculated a mortality rate of 75% for AIDS patients with proven IS. Similar
results were reported for P. boydii infections in solid organ transplant recipients.57 Moreover, the
mortality rates differed with respect to the causative agent. Fatality rates of invasive infections due to
S. prolificans were 100% compared with 75% for infections caused by members of the P. boydii
complex. In a study reviewing German S. prolificans cases, 92% of the patients developed a fatal
infection.’® The high fatality rate of S. prolificans infections may be caused by two facts: (1) conidia
contain melanin which has been related to the high affinity to the brain and (2) the species is
multidrug-resistant.>

The majority of the members of the P. boydii complex are resistant to amphotericin B and terbinafine.
As Aspergillus species are known to be the most common cause of fungal infections, amphotericin B
is often used as first-line therapy. It is therefore important to distinguish Aspergillus species from
Pseudallescheria/Scedosporium sp in order to initiate an appropriate antifungal treatment. Miconazole
and voriconazole have shown low MIC values against the members of the P. boydii complex. 6% 2™ 6]
Today the intravenous administration of miconazole is limited by its high toxicity and in Germany by its
unavailability. Voriconazole is accepted as the gold standard because it has been used successfully in
the treatment of CNS infections due to members of the P. boydii complex.62 The clinical experience
with posaconazole against Pseudallescheria/Scedosporium sp is limited and this needs further
investigation.

In the presented case, voriconazole was combined with caspofungin. New echinocandins lack CNS
penetration, an effect also known from amphotericin B. The combination of caspofungin with
voriconazole significantly reduced colony counts in lung, liver, kidney and brain tissues in experimental
invasive aspergillosis in neutropenic guinea pigs, suggesting a penetration of the drugs into the CNS
via the impaired blood—brain barrier.®® For S. [prolificans, synergistic effects of voriconazole with
terbinafine have been observed. 58 184 (651209 {88 | 4 case study, no AIDS patient with S. prolificans
infection was treated with a combination of terbinafine plus azole, suggesting that this treatment option
is not well established.

Multiple studies have confirmed the beneficial effect of additional radical surgical debridement to
reduce fungal burden. 461, 471and [67] Thjs review demonstrates differences between the mortality rate of
patients treated with antifungal drugs alone and those treated with antifungal drugs plus surgery.
Similar observations have been reported by Kantarcioglu et al.*

In this study, only three of the AIDS patients with proven IS responded to therapy. In all cases the
infections remained localized. All patients were infected with members of the P. boydii complex. Two



non-neutropenic patients underwent radical surgery plus antimycotic treatment. The other survivor did
not undergo surgery but was additionally treated with a complex immune-enhancing regime (G-CSF,
IFN-y, GM-CSF). HAART was administered in two patients. The small number of successful clinical
outcomes from deep-seated S. prolificans infections supported the efficacy of voriconazole plus
terbinafine with or without surgery and a supportive immune-enhancing therapy. ¢4 (6%} [661and [68]

The introduction of HAART in 1996 has significantly reduced the rates of opportunistic infections.
However, most of the proven cases of pseudallescheriosis/scedosporiosis in this review were reported
after 1996 (eight vs. four cases).

It has been reported that the receipt of HAART is associated with immune reconstitution disease (IRD)
or inflammatory syndrome (IRIS) in approximately 32% of patients.®® Due to a lack of information in the
reviewed cases we cannot comment on the occurrence of IRIS. For most of the cases, data on the
pre- and post-HAART CD4+ cells and HIV-RNA copies were not available.

In our case, an unusual course of the suggested TE could not be excluded. The patient was naive to
ART at the time of diagnosis. She responded well to HAART, resulting in a rapid decrease in the HIV-1
RNA level and a rise in the CD4+ cell count. Thus it remains unclear whether HAART obscured an
existing scedosporiosis, or if this infection was acquired secondary to other opportunistic infections like
TE.

6. Conclusions

Members of the P. boydii complex and S. prolificans should be considered in the differential diagnosis
as potential causes of infections in patients with advanced HIV disease. Since cerebral lesions may be
caused by various pathogens or by the HIV disease itself, the rapid differentiation between HIV-
associated diseases and opportunistic infections is a prerequisite for a successful target-related
treatment. Stereotactic CT-guided needle biopsy as early as possible is the most suitable approach to
confirm the diagnosis. Serological methods to detect scedosporiosis are not available. Histological
examination is necessary to differentiate between colonization and invasive infection, but is unsuitable
to identify the fungus. Microbiological investigation, including culture and molecular methods, is
indispensable for a correct diagnosis and to initiate an adequate therapy. Radical surgery, wherever
applicable, combined with a target-related antimycotic chemotherapy (voriconazole plus terbinafine in
the case of S. prolificans infections; voriconazole plus caspofungin against members of the P. boydii
complex) and adjunct immune stimulation advance the clinical outcome.

Acknowledgements
We thank Jaquelin Faerber, MD, for her skillful support.

Conflict of interest: All authors have no conflict of interest. This paper was written without any financial
support.



References

1. Kaplan JE, Benson C, Holmes KH, Brooks JT, Pau A, Masur H. Guidelines for prevention and
treatment of opportunistic infections in HIV-infected adults and adolescents: recommendations from
CDC, the National Institutes of Health, and the HIV Medicine Association of the Infectious Diseases
Society of America. MMWR Recomm Rep 2009;58(RR—4):1-207.

2. Antinori S, Nebuloni M, Magni C, Fasan M, Adorni F, Finazzi MG, et al. Trends in the postmortem
diagnosis of opportunistic invasive fungal infections in patients with AIDS: a retrospective study of
1,630 autopsies performed between 1984 and 2002. Am J Clin Pathol 2009;132:221-7.

3. De Pauw B, Walsh TJ, Donnelly JP, Stevens DA, Edwards JE, Calandra T, et al. Revised definitions
of invasive fungal disease from the European Organization for Research and Treatment of
Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy and
Infectious Diseases Mycoses Study Group (EORTC/MSG) Consensus Group. Clin Infect Dis
2008;46:1813-21.

4. Gilgado F, Cano J, Gene J, Guarro J. Molecular phylogeny of the Pseudallescheria boydii species
complex: proposal of two new species. J Clin Microbiol 2005;43:4930-42.

5. Gilgado F, Cano J, Gene J, Sutton DA, Guarro J. Molecular and phenotypic data supporting distinct
species statuses for Scedosporium apiospermum and Pseudallescheria boydii and the proposed new
species Scedosporium dehoogii. J Clin Microbiol 2008;46:766-71.

6. Raffanti SP, Fyfe B, Carreiro S, Sharp SE, Hyma BA, Ratzan KR. Native valve endocarditis due to
Pseudallescheria boydii in a patient with AIDS: case report and review. Rev Infect Dis 1990;12:993-6.
7. Scherr GR, Evans SG, Kiyabu MT, Klatt EC. Pseudallescheria boydii infection in the acquired
immunodeficiency syndrome. Arch Pathol Lab Med 1992;116:535-6.

8. Wood GM, McCormack JG, Muir DB, Ellis DH, Ridley MF, Pritchard R, et al. Clinical features of
human infection with Scedosporium inflatum. Clin Infect Dis 1992;14:1027-33.

9. Garland J, Stool E, Gathe J, Micheletti G, Oliphant J, Renaldi M. Disseminated Scedosporium
inflatum infection in a patient with AIDS. Int Conf AIDS 1992; 8:81.(abstract No. PuB 7196).

10. Meyer RD, Gaultier CR, Yamashita JT, Babapour R, Pitchon HE, Wolfe PR. Fungal sinusitis in
patients with AIDS: report of 4 cases and review of the literature. Medicine (Baltimore) 1994;73:69-78.
11. Hopwood V, Evans EG, Matthews J, Denning DW. Scedosporium prolificans, a multi-resistant
fungus from a UK AIDS patient. J Infect 1995;30:153-5.

12. Nenoff P, Gutz U, Tintelnot K, Bosse-Henck A, Mierzwa M, Hofmann J, et al. Disseminated
mycosis due to Scedosporium prolificans in an AIDS patient with Burkitt lymphoma. Mycoses
1996;39:461-5.

13. Busaba NY, Poulin M. Invasive Pseudallescheria boydii fungal infection of the temporal bone.
Otolaryngol Head Neck Surg 1997;117:S91-4.

14. Montero A, Cohen JE, Fernandez MA, Mazzolini G, Gomez CR, Perugini J. Cerebral
pseudallescheriasis due to Pseudallescheria boydii as the first manifestation of AIDS. Clin Infect Dis
1998;26:1476-7.



15. Gonzalez Praetorius A, del Palacio A, Perez Pomata MT, Diaz M, Perez S, Alen MJ, et al.
Fungemia caused by Scedosporium prolificans (inflatum) in a patient with AIDS. Enferm Infecc
Microbiol Clin 1998;16:382-3.

16. Horton CK, Huang L, Gooze L. Pseudallescheria boydii infection in AIDS. J Acquir Immune Defic
Syndr Hum Retrovirol 1999;20:209-11.

17. Eckburg PB, Zolopa AR, Montoya JG. Invasive fungal sinusitis due to Scedosporium apiospermum
in a patient with AIDS. Clin Infect Dis 1999;29:212-3. 18. Slack CL, Watson DW, Abzug MJ, Shaw C,
Chan KH. Fungal mastoiditis in immunocompromised children. Arch Otolaryngol Head Neck Surg
1999;125: 73-5.

19. Rollot F, Blanche P, Richaud-Thiriez B, Le Pimbec-Barthes F, Riquet M, Dusser D, et al.
Pneumonia due to Scedosporium apiospermum in a patient with HIV infection. Scand J Infect Dis
2000;32:439.

20. Yao M, Messner AH. Fungal malignant otitis externa due to Scedosporium apiospermum. Ann Otol
Rhinol Laryngol 2001;110:377-80.

21. ldigoras P, Perez-Trallero E, Pineiro L, Laruskain J, Lopez-Lopategui MC, Rodriguez N, et al.
Disseminated infection and colonization by Scedosporium prolificans: a review of 18 cases, 1990-
1999. Clin Infect Dis 2001;32:E158-65.

22. Del Palacio A, Garau M, Amor E, Martinez-Alonso |, Calvo T, Carrillo-Munoz A, et al. Case reports.
Transient colonization with Scedosporium prolificans. Report of four cases in Madrid. Mycoses
2001;44:321-5.

23. Zaas D. Cases from the Osler Medical Service at Johns Hopkins University. Scedosporium
apiospermum mycetoma of the lung. Am J Med 2002;113:760-2.

24. Garcia J, Perkins A, Garau M, Gene J, Molina L, del Palacio A. Successful treatment with
voriconazole of a Pseudallescheria boydii fungus ball in a HIV positive patient and previous
tuberculosis. Rev Iberoam Micol 2003;20:64-7.

25. Abzug MJ, Walsh TJ. Interferon-gamma and colony-stimulating factors as adjuvant therapy for
refractory fungal infections in children. Pediatr Infect Dis J 2004;23:769-73.

26. Mazumder SA, Cleveland KO, Norwood J. Scedosporium apiospermum infection presenting as a
pneumothorax and cavitary lung lesions in a patient with acquired immune deficiency syndrome. South
Med J 2010;103:960-2.

27. Sarva ST, Manjunath SK, Baldwin HS, Robins DB, Freire AX. Lung scedosporiosis in human
immunodeficiency virus/acquired immunodeficiency syndrome. AmJ Med Sci 2010;339:300-3.

28. Husain S, Munoz P, Forrest G, Alexander BD, Somani J, Brennan K, et al. Infections due to
Scedosporium apiospermum and Scedosporium prolificans in transplant recipients: clinical
characteristics and impact of antifungal agent therapy on outcome. Clin Infect Dis 2005;40:89-99.

29. Jabado N, Casanova JL, Haddad E, Dulieu F, Fournet JC, Dupont B, et al. Invasive pulmonary
infection due to Scedosporium apiospermum in two children with chronic granulomatous disease. Clin
Infect Dis 1998;27:1437-41.

30. Revankar SG, Patterson JE, Sutton DA, Pullen R, Rinaldi MG. Disseminated phaeohyphomycosis:
review of an emerging mycosis. Clin Infect Dis 2002;34:467-76.



31. Ruchel R, Wilichowski E. Cerebral Pseudallescheria mycosis after near-drowning. Mycoses
1995;38:473-5.

32. Tammer |, Seibold M, Krause H, Tintelnot K, Konig W, Konig B. Successful topical therapy with
voriconazole: pseudallescheriasis after injury. J Trauma 2007;62:1295-7.

33. Wallace JM, Lim R, Browdy BL, Hopewell PC, Glassroth J, Rosen MJ, et al. Risk factors and
outcomes associated with identification of Aspergillus in respiratory specimens from persons with HIV
disease. Pulmonary Complications of HIV Infection Study Group. Chest 1998;114:131-7.

34. Cortez KJ, Roilides E, Quiroz-Telles F, Rinaldi MG, Shea YR, Knudsen T, et al. Infections caused
by Scedosporium spp. Clin Microbiol Rev 2008;21:157-97.

35. Segal BH, Walsh TJ. Current approaches to diagnosis and treatment of invasive aspergillosis. Am
J Respir Crit Care Med 2006;173:707-17.

36. Ng TT, Robson GD, Denning DW. Hydrocortisone-enhanced growth of Aspergillus spp.:
implications for pathogenesis. Microbiology 1994;140(Pt 9):2475-9.

37. Mylonakis E, Barlam TF, Flanigan T, Rich JD. Pulmonary aspergillosis and invasive disease in
AIDS: review of 342 cases. Chest 1998;114:251-62.

38. Quinn TC, Overbaugh J. HIV/AIDS in women: an expanding epidemic. Science 2005;308:1582-3.
39. de Hoog GS, Marvin-Sikkema FD, Lahpoor GA, Gottschall JC, Prins RA, Gueho E. Ecology and
physiology of the emerging opportunistic fungi Pseudallescheria boydii and Scedosporium prolificans.
Mycoses 1994;37:71-8.

40. Slavin MA. The epidemiology of candidaemia and mould infections in Australia. J Antimicrob
Chemother 2002;49(Suppl 1):3-6.

41. Rabodonirina M, Paulus S, Thevenet F, Loire R, Gueho E, Bastien O, et al. Disseminated
Scedosporium prolificans (S. inflatum) infection after single-lung transplantation. Clin Infect Dis
1994;19:138-42.

42. Feltkamp MC, Kersten MJ, van der Lelie J, Burggraaf JD, de Hoog GS, Kuijper EJ. Fatal
Scedosporium prolificans infection in a leukemic patient. Eur J Clin Microbiol Infect Dis 1997;16:460-4.
43. Panackal AA, Marr KA. Scedosporium/Pseudallescheria infections. Semin Respir Crit Care Med
2004;25:171-81.

44. Segal BH, Bow EJ, Menichetti F. Fungal infections in nontransplant patients with hematologic
malignancies. Infect Dis Clin North Am 2002;16:935-64. vii.

45. Cimon B, Carrere J, Vinatier JF, Chazalette JP, Chabasse D, Bouchara JP. Clinical significance of
Scedosporium apiospermum in patients with cystic fibrosis. Eur J Clin Microbiol Infect Dis 2000;19:53-
6.

46. Leechawengwongs M, Milindankura S, Liengudom A, Chanakul K, Viranuvatti K, Clongsusuek P.
Multiple Scedosporium apiospermum brain abscesses after neardrowning successfully treated with
surgery and long-term voriconazole: a case report. Mycoses 2007;50:512-6.

47. Nesky MA, McDougal EC, Peacock Jr JE. Pseudallescheria boydii brain abscess successfully
treated with voriconazole and surgical drainage: case report and literature review of central nervous
system pseudallescheriasis. Clin Infect Dis 2000;31:673-7.

48. Panichpisal K, Nugent K, Sarria JC. Central nervous system pseudallescheriasis after near-
drowning. Clin Neurol Neurosurg 2006;108:348-52.



49. Pennekamp PH, Diedrich O, Zhou H, Kraft CN. [Foot injury as a rare cause of scedosporiosis with
fatal outcome]. Unfallchirurg 2003;106:865-8.

50. Yoo D, Lee WH, Kwon-Chung KJ. Brain abscesses due to Pseudallescheria boydii associated with
primary non-Hodgkin’s lymphoma of the central nervous system: a case report and literature review.
Rev Infect Dis 1985;7:272-7.

51. Tintelnot K, Wagner N, Seibold M, de Hoog GS, Horre R. Re-identification of clinical isolates of the
Pseudallescheria boydii-complex involved in near-drowning. Mycoses 2008;51(Suppl 3):11-6.

52. Horre™ R, Feil E, Stangel AP, Zhou H, Gilges S, Wohrmann A, et al. [Scedosporiosis of the brain
with fatal outcome after traumatization of the foot. Case report]. Mycoses 2000;43(Suppl 2):33-6.

53. Berenguer J, Rodriguez-Tudela JL, Richard C, Alvarez M, Sanz MA, Gaztelurrutia L, et al. Deep
infections caused by Scedosporium prolificans. A report on 16 cases in Spain and a review of the
literature. Scedosporium Prolificans Spanish Study Group. Medicine (Baltimore) 1997;76:256-65.

54. Kantarcioglu AS, Guarro J, de Hoog GS. Central nervous system infections by members of the
Pseudallescheria boydii species complex in healthy and immunocompromised hosts: epidemiology,
clinical characteristics and outcome. Mycoses 2008;51:275-90.

55. Kleinschmidt-DeMasters BK. Central nervous system aspergillosis: a 20-year retrospective series.
Hum Pathol 2002;33:116-24.

56. Satirapoj B, Ruangkanchanasetr P, Treewatchareekorn S, Supasyndh O, Luesutthiviboon L,
Supaporn T. Pseudallescheria boydii brain abscess in a renal transplant recipient: first case report in
Southeast Asia. Transplant Proc 2008;40:2425-7.

57. Castiglioni B, Sutton DA, Rinaldi MG, Fung J, Kusne S. Pseudallescheria boydii (Anamorph
Scedosporium apiospermum). Infection in solid organ transplant recipients in a tertiary medical center
and review of the literature. Medicine (Baltimore) 2002;81:333-48.

58. Tintelnot K, Just-Nubling G, Horre R, Graf B, Sobottka I, Seibold M, et al. A review of German
Scedosporium prolificans cases from 1993 to 2007. Med Mycol 2009;47:351-8.

59. Rosas AL, Casadevall A. Melanization decreases the susceptibility of Cryptococcus neoformans to
enzymatic degradation. Mycopathologia 2001;151:53-6.

60. Cuenca-Estrella M, Ruiz-Diez B, Martinez-Suarez JV, Monzon A, Rodriguez- Tudela JL.
Comparative in-vitro activity of voriconazole (UK-109,496) and six other antifungal agents against
clinical isolates of Scedosporium prolificans and Scedosporium apiospermum. J Antimicrob
Chemother 1999;43:149-51.

61. Carrillo AJ, Guarro J. In vitro activities of four novel triazoles against Scedosporium spp.
Antimicrob Agents Chemother 2001;45:2151-3.

62. Troke P, Aguirrebengoa K, Arteaga C, Ellis D, Heath HC, Lutsar I, et al. Treatment of
scedosporiosis with voriconazole: clinical experience with 107 patients. Antimicrob Agents Chemother
2008;52:1743-50.

63. Kirkpatrick WR, Perea S, Coco BJ, Patterson TF. Efficacy of caspofungin alone and in combination
with voriconazole in a guinea pig model of invasive aspergillosis. Antimicrob Agents Chemother
2002;46:2564-8.



64. Howden BP, Slavin MA, Schwarer AP, Mijch AM. Successful control of disseminated
Scedosporium prolificans infection with a combination of voriconazole and terbinafine. Eur J Clin
Microbiol Infect Dis 2003;22:111-3.
65. Gosbell IB, Toumasatos V, Yong J, Kuo RS, Ellis DH, Perrie RC. Cure of orthopaedic infection
with Scedosporium prolificans, using voriconazole plus terbinafine, without the need for radical
surgery. Mycoses 2003;46:233-6.
66. Bhat SV, Paterson DL, Rinaldi MG, Veldkamp PJ. Scedosporium prolificans brain abscess in a

patient with chronic granulomatous disease: successful combination therapy with voriconazole and
terbinafine. Scand J Infect Dis 2007;39: 87-90.

67. Katragkou A, Dotis J, Kotsiou M, Tamiolaki M, Roilides E. Scedosporium apiospermum infection

after near-drowning. Mycoses 2007;50:412-21.

68. Whyte M, Irving H, O’'Regan P, Nissen M, Siebert D, Labrom R. Disseminated Scedosporium

prolificans infection and survival of a child with acute lymphoblastic leukemia. Pediatr Infect Dis J

2005;24:375-7.

69. Shelburne SA, Visnegarwala F, Darcourt J, Graviss EA, Giordano TP, White Jr AC, Hamill RJ.
Incidence and risk factors for immune reconstitution inflammatory syndrome during highly active
antiretroviral therapy. AIDS 2005;19:399-409.

Tables and Figures

Table 1. Pseudallescheria/Scedosporium infection in patients with HIV/AIDS
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Table 2. Laboratory findings and concomitant diseases
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IS, invasive scedosporiosis; CNS, central nervous system.

4 Herpesviridae = cytomegalovirus, herpes simplex virus type 1/2, varicella zoster virus.
b Mycobacterium sp = M. tuberculosis, M. avium-intracellulare.

Table 3. Antifungal treatment and clinical outcome

Antifungal treatment regime  Antifungzal  Antifungal Mo antifungal
drugs alone drugs+surgery  treatment
Colonization (n=10] 4 4 2
Fatal outcome 1 0 0
Survivor 1 1 1
Other cause of death 1 2 1
Outcome not recorded 1 1 0
Proven I5 (n=12) 5 4 3
Fatal outcome 4 1 3
Survivor 1 2 0
Other cause of death 0 1 0

IS, invasive scedosporiosis.



Table 4. Treatment regimes (available data)

Treatment regime Colonization Proven IS (n = 12{22)
(n= 1022
' f22) Dissemination/  Localized
CMS infection infection
(n=8/12) (n=412)

Antifungal treatment

Antifungal drugs alone 4 4 1
Antifungal drugs + surgery 4 1 3
Surgery alone 0 0 0
Mo antifungal treatment 2 3 0
Immune augme ntation
G-C5F 1 1 1
GM-CS5F 0 0 1
Interferon-+ 0 0 1
Antiretroviral therapy 2 2 3
Immunosuppressive the rapy
Corticosteroids 1 3 1
Ad ditional therapy
Antibiotic 4 5 4
Antiviral 4 2 0
Antiparasitic 0 5 0
(Towoplasma, PjF)
Prophylaxis
Ant-Toxoplasma/P)P 3 0 1
Antifungal {fluconazole) 3 1 1

IS, invasive scedosporiosis; CNS, central nervous system; G-CSF, granulocyte colony stimulating
factor; GM-CSF, granulocyte macrophage colony stimulating factor; PjP, Pneumocystis jirovecii
pneumonia.

Figure 1. MRI at day 75 after first admission. T2 transverse scan (Siemens Magnetom Vision 1.5 T):
multiple, rounded T2 hyperintense lesions on both sides of the basal ganglia, compatible with cerebral
toxoplasmosis.




Figure 2. MRI at day 148 after first admission. T2 transverse scan (Siemens Magnetom Vision 1.5 T):
new inhomogeneous, rounded mass of approximately 30 mm in diameter in the thalamus region and
the left lateral basal ganglia with perifocal edema and compression of the left lateral ventricle.

Figure 3. Histopathological examination. Necrotic and hemorrhagic brain tissue derived from a brain
biopsy, with demonstration of fungal elements using Grocott's methenamine silver stain; magnification
of x200.

Figure 4. Microbiological examination of the cerebral tissue with Gram staining, showing branched
septate hyphae (black arrows); magnification of x200.




