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Abstract: The central nervous system (CNS) is not a major organ involved with infections caused by
the endemic mycoses, with the possible exception of meningitis caused by Coccidioides species. When
CNS infection does occur, the manifestations vary among the different endemic mycoses; mass-like
lesions or diffuse meningeal involvement can occur, and isolated chronic meningitis, as well as widely
disseminated acute infection that includes the CNS, are described. This review includes CNS infection
caused by Blastomyces dermatitidis, Paracoccidioides brasiliensis, Talaromyces marneffei, and the Sporothrix
species complex. The latter is not geographically restricted, in contrast to the classic endemic mycoses,
but it is similar in that it is a dimorphic fungus. CNS infection with B. dermatitidis can present as
isolated chronic meningitis or a space-occupying lesion usually in immunocompetent hosts, or as
one manifestation of widespread disseminated infection in patients who are immunosuppressed.
P. brasiliensis more frequently causes mass-like intracerebral lesions than meningitis, and most often
CNS disease is part of disseminated infection found primarily in older patients with the chronic
form of paracoccidioidomycosis. T. marneffei is the least likely of the endemic mycoses to cause CNS
infection. Almost all reported cases have been in patients with advanced HIV infection and almost
all have had widespread disseminated infection. Sporotrichosis is known to cause isolated chronic
meningitis, primarily in immunocompetent individuals who do not have Sporothrix involvement of
other organs. In contrast, CNS infection in patients with advanced HIV infection occurs as part of
widespread disseminated infection.

Keywords: blastomycosis; paracoccidioidomycosis; talaromycosis; sporotrichosis; endemic mycoses;
dimorphic fungi; CNS infection

1. Introduction

Central nervous system (CNS) infections caused by endemic mycoses, with the exception of
coccidioidal meningitis, are rare. The HIV epidemic led to the increasing recognition of CNS
involvement as a component of disseminated infection with several of the endemic mycoses, notably
Histoplasma capsulatum and Talaromyces marneffei (formerly Penicillium marneffei), and with Sporothrix
species, which share the property of being an environmentally-acquired dimorphic fungus. Several of
these fungi, notably Sporothrix species, Histoplasma capsulatum, and Blastomyces dermatitidis, have been
known for decades to cause isolated chronic meningitis not associated with disseminated infection.
Similarly, it has been known that patients with the chronic form of paracoccidioidomycosis can
develop parenchymal brain lesions, as well as more common pulmonary, skin, and mucous membrane
lesions. However, in all of these endemic mycoses, CNS lesions are uncommon or rare. This review
encompasses CNS involvement found in blastomycosis, paracoccidioidomycosis, talaromycosis, and

J. Fungi 2019, 5, 64; doi:10.3390/jof5030064 www.mdpi.com/journal/jof


http://www.mdpi.com/journal/jof
http://www.mdpi.com
http://www.mdpi.com/2309-608X/5/3/64?type=check_update&version=1
http://dx.doi.org/10.3390/jof5030064
http://www.mdpi.com/journal/jof

J. Fungi 2019, 5, 64 2 of 15

sporotrichosis, with a focus on the clinical and diagnostic aspects of these infections (Tables 1-4). CNS
infections associated with histoplasmosis and coccidioidomycosis are dealt with in separate articles in
this issue of the Journal of Fungi.

2. Blastomycosis (Table 1)

Blastomyces dermatitidis is a thermally dimorphic fungus, growing as a mold in the environment;
at 37 °C in tissues, the organism converts to the yeast form. Infection develops when conidia are
aerosolized from the environment and inhaled [1,2]. A second species, Blastomyces gilchristii, is found
in the endemic area in North America, but is indistinguishable from B. dermatitidis in regard to both
growth characteristics and clinical disease. In the last year, another species, Blastomyces helicus, has
been identified as a cause of severe disseminated infection in a small number of humans and several
animal species [3].

2.1. Epidemiology

Blastomycosis is seen most frequently in areas of the United States and Canada that border the
Great Lakes and the Mississippi and Ohio River valleys. Less commonly, well-documented cases of
blastomycosis have been reported from other non-endemic areas in the United States and from Latin
America, Africa, and Asia [4,5]. Most cases are sporadic and related to outdoor activities that lead
to exposure to the organism, but there are cases in which routine daily activities with no obvious
exposure have resulted in infection. Outbreaks have been reported among groups engaged in activities
that involve the disruption of soil and vegetation in areas adjacent to waterways [4]. More cases are
reported in men than women, presumably related to greater environmental exposure. In some highly
endemic areas, dogs are at high risk for blastomycosis, and not infrequently, both dogs and their
owners develop infection with B. dermatitidis [6].

Among immunosuppressed patients, blastomycosis occurs less often than the other endemic
mycoses. It has been reported in only a small number of transplant recipients [2,7-11] and in even fewer
patients who have received tumor necrosis factor-alpha (TNF) inhibitors [11,12], or had hematological
malignancies [7,11]. Patients with HIV/AIDS may be at a higher risk, and have been noted to develop
severe infection with a high fatality rate [13].

2.2. Clinical Manifestations

The lungs are the primary portal of entry of B. dermatitidis, and thus, acute and chronic pneumonias
are common presentations of blastomycosis. As is true of other endemic mycoses, asymptomatic
hematogenous dissemination likely occurs in many patients. With blastomycosis, the typical end
organs to which the organism disseminates are skin, bones, and the male genitourinary tract. By the
time the patient seeks medical attention for symptoms related to the affected end organ, the initial lung
lesions may have totally resolved [14].

CNS involvement is not common with blastomycosis, but numerous individual case reports,
several small series, and an older large review of cases reported prior to 1978 provide a basis
for understanding the clinical characteristics associated with CNS infection [7,11,13,15-17]. CNS
blastomycosis takes two major forms: intracranial space-occupying lesions and meningitis. Some
patients have meningitis as well as parenchymal lesions. Isolated CNS infection can occur without
involvement of other sites [7,11,15-17]; however, more commonly, CNS infection is part of widespread
disseminated blastomycosis [7,11,15,17]. CNS involvement is more common in immunocompromised
patients [13], but in some reports, most patients had no underlying illnesses [17].

Patients who present with intracranial mass lesions are usually thought to have a brain tumor
or bacterial abscess. Clinical findings include a headache, which is the predominant symptom, focal
neurological signs, mental status changes, seizures, and signs of increased intracranial pressure. Either
single or multiple intracranial lesions may be present. Imaging studies are crucial for diagnosis.
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Meningitis is more common than mass lesions. When isolated meningitis occurs, without
manifestations of infection elsewhere, the course is generally subacute, with an increasing headache,
mental status changes, and sometimes signs of increasing intracranial pressure. In patients who have
disseminated blastomycosis, the neurological symptoms may be overlooked in the patient who has
severe pulmonary manifestations, for example, and CNS involvement is only found when imaging
studies are performed.

2.3. Imaging

Magnetic resonance imaging (MRI) is the most sensitive imaging technique that can be used to
detect mass lesions due to blastomycosis. Single or multiple ring-enhancing lesions are typical, and
any area of the brain can be involved. If meningitis is present, meningeal enhancement can be seen.

2.4. Diagnosis

Growth of B. dermatitidis in the laboratory is the definitive diagnostic test. Because the organism
grows slowly, histopathological examination with silver or periodic acid Schiff (PAS) stains of tissue
obtained from an involved site can give a rapid presumptive diagnosis and allow earlier initiation
of antifungal therapy. The yeast form of B. dermatitidis has a distinctive appearance: the organisms
are 8-20 pm in diameter; have a thick, double-contoured, refractile cell wall; and produce a single
broad-based bud, which often remains attached until it is almost the size of the mother cell [1].

Cerebrospinal fluid (CSF) findings in patients with meningitis show lymphocytic pleocytosis, with
counts ranging from 30 to 3000 cell/uL [11,15,17]; uncommonly, a predominance of neutrophils can be
seen [11,18]. Protein is elevated and can be as high as 300-400 mg/dL [11,19]. Glucose is generally
moderately decreased to between 30 and 40 mg/dL, but has been reported to be as low as 11 mg/dL [20].
B. dermatitidis can be grown from the CSF of patients who have meningitis, but not as frequently as one
would hope [11,15].

CSF results are most helpful for patients who have meningitis. Lumbar puncture is not encouraged
as a diagnostic test for patients who have mass lesions because of the risks involved, and in addition,
the diagnostic yield is low. Patients who have isolated intracerebral mass lesions have the diagnosis
made only after biopsy of the lesion. When a patient who has documented disseminated blastomycosis
has neurological findings and abnormal neuroimaging, a diagnosis of CNS blastomycosis can be made
without a brain biopsy.

A presumptive diagnosis can be made while awaiting culture results by detection of the
B. dermatitidis antigen using an enzyme immunoassay for serum or urine [21,22]. Cross reactivity with
Histoplasma capsulatum commonly occurs because the two organisms share similar galactomannans in
their cell walls. Antigen detection in the CSF can be extremely useful in cases of CNS blastomycosis [11].
In contrast to several other endemic mycoses, antibody detection of B. dermatitidis in the CSF has not
proven useful. Whether a more recently developed antibody assay could prove useful in CSF for
diagnosis remains to be seen [23].

2.5. Treatment

When B. dermatitidis involves the CNS, initial treatment should involve a lipid formulation of
amphotericin B, preferably liposomal amphotericin B, 5 mg/kg daily for 4-6 weeks [24]. Following
this, an oral azole agent should be given for at least 12 months [24]. Immunosuppressed patients or
those who have had relapsing CNS infection often require life-long therapy [11,25,26]. The Infectious
Diseases Society of America (IDSA) Guidelines recommend itraconazole or fluconazole as the oral
azole agent [24]. Both have been reported to be effective in small numbers of patients [11,17,27-29].

An increasing number of reports show that voriconazole, which is more active than fluconazole
against B. dermatitidis and which achieves higher levels in the CNS than itraconazole, is effective for
treating CNS blastomycosis [11,20,26,29-35]. The dose that should be used is 400 mg twice daily for
the first day, followed by 200400 mg twice daily. Because of high inter-patient variability in serum
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concentrations of voriconazole, it is essential to measure serum trough levels, aiming for concentrations
of 2-5 nug/mL in order to achieve reasonable concentrations within the CNS. Overall, outcomes for
severe blastomycosis, including CNS infection, have improved with the advent of effective oral azole
antifungal agents [2].

Table 1. Salient Points Regarding Central Nervous System (CNS) Blastomycosis.

Clinical Aspects
Two major manifestations

> Intracranial space-occupying lesions that mimic a brain tumor or abscess and that can occur as an
isolated process or with disseminated blastomycosis

> Meningitis that is chronic and without other organ involvement causing a headache, mental status
changes, and symptoms of increased intracranial pressure OR meningitis that is one manifestation of
disseminated infection and that is seen more often in immunosuppressed patients

Diagnosis

> Definite CNS blastomycosis: positive culture from cerebrospinal fluid (CSF) OR positive culture or
histopathology on tissue obtained by brain biopsy

> Presumptive CNS blastomycosis: positive culture from another involved site OR positive histopathology
from another involved site in a patient with disseminated blastomycosis and symptoms, signs, and
radiological findings of CNS disease OR a positive Blastomyces antigen in CSF

Treatment and Outcome

Amphotericin B, preferably lipid formulation, 5 mg/kg daily for 4-6 weeks

Step-down therapy with itraconazole, 200 mg twice daily for at least 12 months

Voriconazole, 200-400 mg twice daily preferred for step-down therapy by many

Posaconazole, 300 mg daily, might be efficacious for step-down therapy if above agents are not tolerated
Outcomes generally good with effective antifungal therapy; may have CNS sequelae with mass lesions

YVVYYY

3. Paracoccidioidomycosis (Table 2)

Paracoccidioides brasiliensis and, less commonly, the more recently described Paracoccidioides lutzii,
cause paracoccidioidomycosis. These dimorphic fungi are found in the soil in the mold form that
produces conidia, which cause infection when inhaled. In tissues and at 37 °C, the mold converts to the
yeast form. Infection may remain localized to the entry site, the lungs, or may result in dissemination
to many different organs.

3.1. Epidemiology

Paracoccidioidomycosis only occurs in Latin America. It is most commonly seen in several
South American countries, notably Brazil, but also Argentina, Venezuela, Ecuador, and Colombia [36].
Infection occurs more than ten times more frequently in men than women, and most often occurs in
middle-aged to older men [37]. The sexual difference is likely partly related to environmental exposure,
but possibly also to the inhibitory effects of estrogens on growth of the organism [37]. For most patients,
it is likely that infection occurs early in life, but disease manifestations occur decades later, presumably
with the reactivation of latent infection.

There are increasing reports of paracoccidioidomycosis in patients who have HIV infection [38,39]
and a few case reports of paracoccidioidomycosis in patients who have received a solid organ transplant
or immunosuppressive therapy with biological agents [39-42]. CNS involvement does not appear to
be more frequent in patients who have HIV infection or immunosuppressive conditions [38,39].
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3.2. Clinical Manifestations

The clinical manifestations of paracoccidioidomycosis are usually separated into two characteristic
forms. The chronic form accounts for about 90% of cases, is seen mostly in older men, and shows
slow progression over the years, primarily involving the lungs, the skin, and mucous membranes
of the head and neck. The acute/subacute or juvenile form is present in about 10% of cases, occurs
mostly in children and young adults, and manifests widespread dissemination to the liver, spleen,
lymph nodes, and skin. There can be overlap with these two types of disease, and immunosuppressed
patients usually manifest rapidly progressive disease involving the lungs, liver, spleen, and skin [39].

Involvement of the CNS has been noted to occur in 10-15% of cases of paracoccidioidomycosis
and is found most often in the chronic form of the disease [37,43,44]. Almost all patients have
concurrent evidence of disseminated infection, although in some cases, neurological symptoms are the
first manifestation of disseminated paracoccidioidomycosis. Rarely, isolated CNS infection has been
reported [45].

Clinical manifestations of CNS paracoccidioidomycosis are primarily those associated with
space-occupying lesions, rather than meningitis; headache, seizures, focal weakness, and gait
disturbance with cerebellar involvement are seen. Signs of increased intracranial pressure may
be found; few patients have overt signs of meningeal involvement.

3.3. Imaging

Imaging using CT or MRI plays an important role in defining CNS involvement [43,45,46]. Single
or multiple space-occupying lesions are the most common finding; most are seen in the cerebrum, but
involvement of the cerebellum and spinal cord also occur. When contrast material is administered,
ring-like enhancement can be seen, and surrounding tissue shows varying amounts of edema [46].
In some cases, meningeal enhancement, which is greatest near the affected region, can be seen, as
can hydrocephalus.

3.4. Diagnosis

The diagnosis of paracoccidioidomycosis is established by the growth of P. brasiliensis in culture,
but because the yeast form is quite distinctive, early identification can be established from tissue
biopsies stained with silver or PAS stains or from secretions treated with calcofluor white. The
organism appears as a thick-walled yeast with multiple narrow-based buds attached around the cell
wall. However, the diagnosis of CNS paracoccidioidomycosis is difficult because the organism is rarely
seen or grown from the CSF.

Few reports comment on CSF findings, most likely because CNS paracoccidioidomycosis primarily
involves the parenchyma rather than the meninges and lumbar puncture is often contraindicated.
Findings of moderately increased protein, normal glucose, and few mononuclear cells provide the
clinician with little help [43].

Most times, the diagnosis of CNS paracoccidioidomycosis is established presumptively when a
patient who has documented disseminated paracoccidioidomycosis has symptoms and signs of CNS
involvement and abnormal neuroimaging findings. Biopsy of a CNS lesion will confirm the diagnosis,
but is rarely needed; the histopathology is that of a granulomatous response with necrosis.

Serum antibody tests wusing techniques that include immunodiffusion, counter-
immunoelectrophoresis, and an enzyme immunoassay are available in endemic areas, but their
sensitivity and specificity vary greatly, and none have proved useful for testing CSF [47]. On the
other hand, at least one group has used an antigen assay in which Gp43, an extracellular antigen
from P. brasiliensis, was detected in the CSF of patients with CNS paracoccidioidomycosis [48]. There
is cross-reactivity with the enzyme immunoassay for the Histoplasma capsulatum antigen (MiraVista
Laboratories, Indianapolis, IN) that is performed in serum and urine [49].
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3.5. Treatment

Two major treatment options are available for the treatment of CNS paracoccidioidomycosis.
The drug of choice recommended in the Brazilian guidelines for the clinical management of
paracoccidioidomycosis is itraconazole, 200 mg daily for 6 to 12 months [50]. Voriconazole
has been shown to be as effective as itraconazole in a randomized open-label pilot study,
and for CNS paracoccidioidomycosis, this agent is attractive because it attains higher CNS
concentrations than itraconazole [51]. The other option for treating CNS paracoccidioidomycosis is
trimethoprim-sulfamethoxazole [50]. Many reports of CNS paracoccidioidomycosis note that this
agent or another sulfa formulation were used [43-45]. For patients with severe paracoccidioidomycosis,
initial therapy with amphotericin B is warranted with step-down to oral itraconazole or voriconazole
or to trimethoprim-sulfamethoxazole. —The length of treatment that is required for CNS
paracoccidioidomycosis is not known, but long-term suppression with trimethoprim-sulfamethoxazole
seems reasonable, especially in immunosuppressed patients. The outcome depends on the extent of
dissemination and the host’s immune response against the organism.

Table 2. Salient Points Regarding Central Nervous System (CNS) Paracoccidioidomycosis.

Clinical Aspects
Two major manifestations

> Intracranial space-occupying lesions that mimic a brain tumor or abscess that usually occur as one
manifestation of disseminated infection in patients with the chronic form of paracoccidioidomycosis

> Meningitis is less common; usually occurs as one manifestation of disseminated infection in either an
acute or chronic form of paracoccidioidomycosis

Diagnosis

> Definite CNS paracoccidioidomycosis: positive culture from cerebrospinal fluid (CSF) (uncommon) OR
positive culture or histopathology on tissue obtained by brain biopsy

>  Presumptive CNS paracoccidioidomycosis: positive culture from another involved site OR positive
histopathology from another involved site in a patient with disseminated paracoccidioidomycosis and
symptoms, signs, and radiological findings of CNS disease

> Serology on CSF may be useful for patients with meningitis; not standardized; may be available in
reference laboratories in endemic areas

Treatment and Outcomes

Amphotericin B, preferably lipid formulation, 5 mg/kg daily for 4-6 weeks

Step-down therapy with itraconazole, 200 mg twice daily for at least 12 months

Voriconazole, 200-400 mg twice daily, might be efficacious for step-down therapy, but little experience
Trimethoprim/sulfamethoxazole (TMP/SMX), 240 mg TMP/1200 mg SMX (or higher) daily for step-down
therapy for at least 12 months

Life-long maintenance azole or TMP/SMX therapy may be required

Outcomes depend on CNS damage from mass lesions; sequelae are common

YYVY

v v

4. Talaromycosis (Table 3)

Talaromyces marneffei, known as Penicillium marneffei until a few years ago, is a dimorphic fungus
that grows at 25 °C as a mold that produces a distinctive soluble red pigment that diffuses into the
agar. When incubated on the appropriate media at 37 °C and in tissues, the organism assumes the
yeast form.

4.1. Epidemiology

In the environment, the organism resides in the soil, primarily in southern China and Southeast
Asia, and has a close relationship with bamboo rats in the endemic area. The organism has been
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cultured from various organs, especially the liver, spleen, and lungs, in several different species of
bamboo rats and from their burrows. Although infection has been noted in these rats, most animals
show no signs of illness. Most patients have no known direct exposure to these rats [52].

Infection with T. marneffei was uncommonly reported prior to the AIDS epidemic, but has been
subsequently described in several large series of cases from Thailand and Viet Nam [53-56]. Other
forms of immunosuppression, including that associated with TNF-alpha inhibitor therapy, other
biological immunotherapy, and organ transplantation, also predispose patients to disseminated
talaromycosis [57,58]; much less commonly, immunocompetent persons may develop disseminated
infection [59,60].

4.2. Clinical Manifestations

Human infection occurs by the inhalation of arthroconidia that form in the mold phase. Similar to
histoplasmosis, after conversion to the yeast phase in the lungs, organisms disseminate widely by the
hematogenous route, primarily to organs of the reticuloendothelial system. Presumably, many people
exposed to the organisms in the environment are infected but able to handle the organism because they
have an intact cell-mediated immunity. They have few symptoms and have only a very mild infection
that goes undiagnosed. On the other hand, patients who have T cell dysfunction, especially those with
advanced HIV/AIDS, cannot contain the organism and manifest widespread disease. Patients with
disseminated infection present with fevers, malaise, anorexia, and weight loss and have involvement
of the lungs, liver, spleen, lymph nodes, and skin. The skin lesions are usually numerous and appear
as umbilicated or ulcerated lesions often involving the face.

Of all the endemic mycoses, talaromycosis is the least often reported to cause CNS infection.
In reviews of disseminated talaromycosis among patients with and without HIV/AIDS and in one
paper focused on CNS disease among HIV/AIDS patients, no patients with CNS talaromycosis were
described [54,56,61]. Several individual cases of CNS infection, including one in an immunocompetent
patient, have been reported [58,59], but the most well-defined series of cases of CNS infection with
T. marneffei is in HIV/AIDS patients from Viet Nam [53]. Of 677 cases of talaromycosis in patients
with HIV/AIDS, 21 (3%) had CNS involvement. All had the acute onset of confusion, agitation, or
obtundation, and very few had any symptoms or signs of increased intracranial pressure or meningitis.
All had disseminated talaromycosis involving multiple different organs.

4.3. Diagnosis

The diagnosis of talaromycosis is established by growing the organism from blood or tissue
biopsy specimens. A presumptive diagnosis can be made quickly by histopathological examination
of skin lesions or other biopsy material. The yeasts are 2 um X 6 um, elliptical in shape, and divide
by fission, rather than budding, as noted for most yeasts; division by fission results in a distinctive
septum in the middle of the yeast cell. In the few cases reported, the diagnosis of CNS talaromycosis
has been established by growth of the organism from the CSE. [53]. CSF findings are similar to those in
cryptococcal meningitis in patients with advanced AIDS in that few cells are present, the protein is
normal or only mildly elevated, and glucose is normal or only mildly decreased.

Serological methods are not well-defined for talaromycosis and have not been reported for
patients with CNS infection. It should be noted that cross-reactivity with the enzyme immunoassay for
the H. capsulatum antigen (MiraVista Laboratories) commonly occurs, and cross-reactivity with the
Platelia® Aspergillus galactomannan assay has also been reported [49,62]. Antibody assays have not
been reported in cases of CNS talaromycosis.

4.4, Treatment

The treatment of CNS talaromycosis, in general, is the same as that of disseminated disease [63]; the
only difference with treating CNS disease is that amphotericin B, preferably a lipid formulation, should
be given for a longer period of time and at a higher dosage, similar to the situation with histoplasmosis.
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A dosage of liposomal amphotericin B of 5 mg/kg for 4-6 weeks, followed by step-down therapy with
oral itraconazole 200 mg twice daily or higher to achieve trough serum concentrations above 2 pg/mL,
is suggested. It seems reasonable that voriconazole could be used rather than itraconazole because of
its better penetration into the CNS, but there are no clinical reports to verify this. It must be noted that
experience in treating CNS infection is extremely limited. Of the 21 patients reported by Le et al, only
three (14%) survived, and these three patients were aggressively treated with amphotericin B within
24 hours of the onset of neurological symptoms [53].

Table 3. Salient Points Regarding Central Nervous System (CNS) Talaromycosis.

Clinical Aspects
> Rare manifestation of talaromycosis
> Almost all cases reported in patients with HIV/AIDS with CD4 cells <100/uL
> Almost all patients have widespread disseminated infection
Diagnosis
> Definite CNS talaromyecosis: positive culture from cerebrospinal fluid (CSF)
> Presumptive CNS talaromycosis: positive culture from blood or another involved site OR positive

histopathology from another involved site in a patient with disseminated talaromycosis and symptoms
and signs of meningitis
> Serology not useful

Treatment and Outcomes

Amphotericin B, preferably lipid formulation, 5 mg/kg daily for 4-6 weeks

Step-down therapy with itraconazole, 200 mg twice daily for at least 12 months
Voriconazole, 200-400 mg twice daily, might be efficacious, if itraconazole is not tolerated
Antiretroviral therapy for patients with HIV infection

Outcomes are dismal; most patients have died

YVVYVYY

5. Sporotrichosis (Table 4)

Sporotrichosis is dissimilar from other endemic mycoses in that it is not geographically restricted,
but it does share dimorphic growth characteristics with other endemic mycoses. The environmental
form is a mold, which assumes the yeast form in tissues. Sporothrix schenckii is not a single species, but
rather a complex of at least six phylogenetically different organisms, the most important of which are
S. schenckii and S. brasiliensis [64].

5.1. Epidemiology

Sporothrix species are found in sphagnum moss, decaying wood and plants, and soil [65]. Almost
all infections are associated with an inoculation of the organism through the skin when a person is
engaged in activities, such as landscaping, gardening, or farming, or experiences trauma. Rarely,
the organism can be inhaled into the lungs. Unique to this infection is zoonotic transmission from
cats [65,060]. A large outbreak occurring predominantly in women and children and related to infected
cats has been ongoing for more than a decade in Brazil. This is centered in Rio de Janeiro, but has also
been noted in Sao Paulo and other areas in southern Brazil. The organism in all of these cases has been
identified as S. brasiliensis [67,68].

Early in the HIV epidemic, sporadic cases of sporotrichosis among persons with advanced HIV
infection were reported [69,70]. More recently, larger numbers of cases have been reported from South
America and other areas [71-74]. A few cases of infection in patients treated with immunosuppressive
drugs have been described [75-77].



J. Fungi 2019, 5, 64 9 of 15

5.2. Clinical Manifestations

The classic and well-known clinical picture of sporotrichosis involves a primary nodular lesion
that then ulcerates at the site of inoculation, followed by the appearance of subsequent similar lesions
along the proximal lymphatic distribution [78]. A single fixed cutaneous lesion that ulcerates can
occur, but is less common. Disseminated sporotrichosis is rare and is almost always related to immune
suppression, especially advanced HIV infection. The illness can be manifested as multiple cutaneous
lesions only or as widespread visceral involvement along with cutaneous lesions [71-74,79]. The skin
lesions tend to be ulcerated and painful and spread diffusely over the trunk, face, and extremities.

CNS sporotrichosis can present as either isolated chronic meningitis or as part of widespread
dissemination. Early reports from the mid-20th century focused on isolated chronic meningitis, and
emphasized the extreme chronicity of the infection, the similarity to tuberculous meningitis, the
difficulty in establishing a diagnosis, and the poor outcomes [80,81]. This form of meningitis remains
rare, but does occur, often in non-immunocompromised hosts [82]. Later reports of patients who had
HIV infection were almost always manifested by CNS involvement being but one manifestation of
widespread disseminated infection [79,83-85].

Chronic meningitis usually presents with weeks to months of gradually increasing headaches,
ataxia, and confusion. Fever may or may not be present. Over time, signs of increased intracranial
pressure may occur. Almost always, the diagnosis is not established for months. Meningitis associated
with disseminated infection is manifested by a more acute onset of headaches, confusion, and
occasionally seizures or focal findings.

5.3. Diagnosis

The diagnosis of CNS sporotrichosis can be established by growth of the organism in culture. It is
uncommon to grow Sporothrix species in CSF from patients with isolated chronic meningitis, but the
organism will frequently grow from CSF of patients who have AIDS and disseminated sporotrichosis,
presumably because there is a far greater burden of organisms in disseminated sporotrichosis [73,74].
The diagnosis of sporotrichosis can be made sooner when CNS involvement is part of disseminated
infection; in those cases, biopsy of skin lesions that are always present establishes the diagnosis quickly.
In patients who are immunosuppressed, typically large numbers of budding oval to cigar-shaped
yeasts can be seen in tissues stained with methenamine silver stain.

CSF findings vary, depending on the chronicity of the infection and the state of immunosuppression
of the host, but generally show an elevated protein level, a decreased glucose level, and an increase in
white blood cells [79-85]. Protein values range from 100 to 500 mg/dL and glucose values range from
10 to 50 mg/dL. The white blood cell response is almost always mononuclear, and ranges between 40
and 500 cells/uL, with a differential showing 70-90% mononuclear cells. Rarely, a predominance of
neutrophils can be seen [79].

The role of serology in the diagnosis of sporotrichosis is debated. Latex agglutination and
immunodiffusion were explored decades ago; several tests appeared to be sensitive and specific enough
to aid in the diagnosis of sporotrichosis, but were never developed commercially [86,87]. A variety of
different laboratory-specific enzyme immunoassays exist, which appear to be used mostly within the
country of origin [88]. The diagnosis of isolated chronic Sporothrix meningitis was the impetus for the
development of some of the earlier latex agglutination tests [86], and similar tests have been used in
recent years for CNS sporotrichosis in which growth of the organism from CSF is uncommon [82].

5.4. Treatment

Initial treatment of CNS sporotrichosis should involve a lipid formulation, preferably liposomal
amphotericin B, 5 mg/kg daily for 4-6 weeks [89]. This should be followed by oral therapy with
itraconazole, 200 mg twice daily for a total of 12 months of therapy. For patients with HIV infection
that has not responded to antiretroviral therapy, for patients who have had relapsing infection, and
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for patients who remain on immunosuppressive drugs, consideration should be given to continuing
maintenance azole therapy for life.

Itraconazole penetrates the CNS poorly, and some patients have been treated with other azoles.
However, the response of sporotrichosis to both fluconazole and voriconazole is poor, and these
agents are not recommended [89]. Posaconazole has some activity against Sporothrix species, and
could be an alternative agent if itraconazole is not tolerated [90]; it has been used successfully in an
immunosuppressed patient who had sporotrichosis without CNS involvement [75]. Although not
recommended, at least one patient who had chronic Sporothrix meningitis and who refused treatment
with amphotericin B was treated with only itraconazole and had a good response [82]. The overall
prognosis of Sporothrix meningitis is dependent on the host’s immune response; disseminated infection
with CNS involvement in patients with HIV infection is associated with the worst prognosis.

Table 4. Salient Points Regarding Central Nervous System (CNS) Sporotrichosis.

Clinical Aspects
Two major manifestations

> Isolated chronic meningitis in immunocompetent patients who have symptoms (headache, ataxia,
confusion, etc.) for weeks to months

> Acute meningitis (headache, mental status changes, seizures) seen almost entirely in patients with
HIV/AIDS with CD4 cells <100 pL as one manifestation of disseminated sporotrichosis. Most patients
have many cutaneous lesions

Diagnosis

> Definite CNS sporotrichosis: positive culture from cerebrospinal fluid (CSF) (uncommon in
chronic meningitis)

> Presumptive CNS sporotrichosis: positive culture from another involved site (generally skin lesion) OR
positive histopathology from another involved site in a patient with disseminated sporotrichosis and
symptoms and signs of meningitis

> Serology on CSF may be useful for chronic meningitis; not standardized; available in
reference laboratories

Treatment and Outcomes

Amphotericin B, preferably lipid formulation, 5 mg/kg daily for 4-6 weeks

Step-down therapy with itraconazole, 200 mg twice daily for at least 12 months

Posaconazole, 300 mg daily, might be efficacious if itraconazole is not tolerated

Life-long maintenance azole therapy often required

Antiretroviral therapy for patients with HIV infection

Outcomes are poor for patients with HIV infection and disseminated sporotrichosis; have improved with
azole therapy for patients with chronic meningitis

YVVYVYYY
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