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Prefacel

Fungal infections of the central nervous system, once considered rare, have
become more frequent and pose a diagnostic and therapeutic challenge in the
day-to-day practice. Better awareness of the epidemiological features and
elucidation of the risk factors along with advancements in technology in
imaging and molecular diagnostics contributed to better understanding of the
disease mechanisms and diagnosis. However, geographic variations due to
environmental factors, emerging fungi in different clinical scenarios, and
genetic factors influence the incidence of fungal infections. Though there is a
wealth of information on fungal infections of the central nervous system,
textbook like this provides a comprehensive and rapid access to the various
aspects of these diseases and serves as a ready reference for the trainee and
practicing neuroscientists.

The book has six sections with each section dedicated to one aspect of the
disease. The authors were chosen from various parts of the world, based on
their contributions and special interest in that subspecialty. Each chapter was
edited by an expert in the field to provide concise and up-to-date information
on the subject. The chapters were well-illustrated with tables and figures and
provided with extensive references to guide further reading for residents,
neurologists, internists, and neurological surgeons.

We are grateful to all the authors for their contributions and support to
complete this book project in time. We especially wish to thank Springer
Nature for their support in ensuring quality publication of the book. We are
truly humbled by this experience. We hope this book will be a unique and
important addition to the existing books on this subject.

Aydin, Turkey Mehmet Turgut
Hyderabad, India Sundaram Challa
Marrakech, Morocco Ali Akhaddar



Prefacell

Fungi are ubiquitous organisms found in the soil, water, and environment.
Infections of humans are uncommon with only a few species being patho-
genic. However, with changes in the environmental factors and immune sta-
tus of individuals, fungal infections are on the rise. The incidence of fungal
infections of the central nervous system (CNS) parallels that of the systemic
fungal infections. Fungal infections of the CNS are being increasingly diag-
nosed in the past few decades due to steady increase in the number of immu-
nosuppressed individuals, better awareness, and improved diagnostic
modalities. Infections of the CNS are associated with high morbidity and
mortality, but the diagnosis and treatment remain a challenge. Understanding
the pathogenesis and host pathogen interactions helps in devising new diag-
nostic modalities and therapeutic interventions.

The etiologic agents include yeasts, filamentous fungi, and dimorphic
fungi. The common yeast fungi include Cryptococcus and Candida, whereas
filamentous fungi with hyaline septate hyphae include Aspergillus, Fusarium,
and Mucorales and the pigmented fungi include dematiaceous fungi. The
dimorphic fungi include Blastomyces, Histoplasma, Coccidioides, and
Paracoccidioides. Aspergillus and Mucorales are usually opportunistic, but
Aspergillus can cause infections in immunocompetent hosts in certain geo-
graphical regions. Dematiaceous fungi are neurotropic and cause infection in
immunocompetent hosts, and dimorphic fungi cause infections which are
geographically restricted.

The portal of entry is usually by inhalation and subsequent hematogenous
dissemination to the CNS. The infection may spread from contiguous struc-
tures like paranasal sinuses, orbit, mastoid, or skull bone and by direct inocu-
lation from surgery or trauma.

The size of the conidia or yeast, the virulence factors, and angioinvasive-
ness of the fungus are important in the pathogenesis. The interplay between
host defenses and the strategy of the pathogen to evade immune attack,
acquire nutrients, degrade extracellular matrix, and disseminate are not yet
completely understood.

The immune status, portal of entry, type of the fungus, and virulence
of the organism determine the pathology which in turn manifests as the
clinical syndrome. The clinical syndromes include meningitis, intracranial
space-occupying lesion, stroke-like manifestation, or spinal syndrome. The
pathology includes abscess, granuloma, meningitis, infarct with or without
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hemorrhage, or subarachnoid hemorrhage. Imaging provides important clues
to diagnosis in appropriate clinical setting.

Diagnosis is established by cerebrospinal fluid examination or tissue
obtained at surgery along with culture. Histopathology is useful for delinea-
tion of fungal morphology, but species confirmation by culture is needed.
Molecular tests, especially in disseminated disease, are warranted. Serum
galactomannan is widely used but has several limitations. High index of clini-
cal suspicion in appropriate clinical setting, along with epidemiological con-
sideration, is important for early diagnosis. Management includes
neurosurgical intervention, especially for intracranial space-occupying
lesions, administration of antifungal treatment, and correction of immune
impairment or risk factors.

In this textbook, in several chapters contributed by experts in the field, the
epidemiological, clinical, diagnostic, and management aspects of various
fungal infections of the CNS are addressed.

Aydin, Turkey Mehmet Turgut
Hyderabad, India Sundaram Challa
Marrakech, Morocco Ali Akhaddar
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Abbreviations

CNS  Central nervous system
CSF  Cerebrospinal fluid
USA  United States of America

1.1 Introduction

Scientific research documented in the particular
field of fungal infections should be explored
through the perspectives of continuously chang-
ing biological, medical, and public profiles. In
this chapter, a brief review of ancient to modern
approaches to manage the central nervous system
(CNS) infections caused by fungal pathogens
will be given according to the historical refer-
ences in the following subheadings of the history
of medicine: “Ancient Greece,” “Mid Modern
Period,” and “Contemporary Period.”

N. C. Syrmos (<)) - V. Giannouli
Medical School, Aristotle University of Thessaloniki,
Thessaloniki, Macedonia, Greece

M. Turgut
Department of Neurosurgery, Aydin Adnan Menderes
University School of Medicine, Aydin, Turkey
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1.2  Ancient Greece

The description and the scientific study of fungal
infections remains an interesting and attractive
topic since the antiquity. The father of the docu-
mented medicine, Hellenic Hippocrates of Kos,
was the first physician who observed (Ancient
Greek word napatipioic) and described the can-
didiasis phenomenon with white patches into the
oral cavity in a weak and infirm patient. His main
contribution initiated the human society’s devel-
opment of medicine through a well-documented
and delicate blending of the art of healing and
scientific observations and studies (Fig. 1.1)
(Syrmos et al. 2010; Giannouli and Syrmos 2011;
Syrmos 2011).

1.3  Mid Modern Period

Pier Antonio Micheli (1679-1737 AD) (Fig. 1.2),
a catholic priest from Pisa, Central Italy, in his
observations and studies, described Aspergillus
(Schaechter 2011). Initially, his aim was to study
the nine different fungal species that resembled
aspergillum (Sumbali and Johri 2005). This was
very often used, perforated, to sprinkle the holy
water during Christian ceremonies (Schaechter
2000). Antonio also became a well-known aca-
demic botanist, a ranking professor, and also a
curator of the Orto Botanico di Firenze, in Central
Italy (Giardino dei Semplici). He made various

M. Turgut et al. (eds.), Fungal Infections of the Central Nervous System,
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Fig. 1.1 A photograph of Hippocrates of Kos
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Fig. 1.2 A photograph of Pier Antonio Micheli
(1679-1737 AD)

well-documented projects and wrote a paper enti-
tled “Nova plantarum genera: iuxta Tournefortii
methodum disposita” (Geronimus 2007). Over
the years, he performed profound research about

Fig. 1.3 A photograph Posadas

(1870-1902 AD)

of  Alejandro

mushroom spores, managed to become an undis-
guised authority on cryptogams, and became a
widely recognized figure in the scientific com-
munity of his era (Geronimus 2007). His main
achievement was the connection between genera-
tions of microfungi such as Aspergillus, Botrytis,
and others (Schaechter 2000; Geronimus 2007).

Later, around 1840, the fungal etiology of
these manifestations was documented, thanks to
the Berg-Bennett studies (Gholami-Shabani et al.
2018). Kurchenmeister in 1855 was the first who
described human zygomycetes after isolation of
nonseptate hyphae from a cancerous lung (Guého
et al. 1992). Twenty one years later in 1861,
Zenkar described the first case of human intrace-
rebral candidiasis (McPartland and Goff 1991).

In 1892, Alejandro Posadas (1870-1902 AD)
(Fig. 1.3), an Argentinian surgeon specializing in the
general and pediatric surgery, started his scientific
collaboration with Carl Wernicke (1848—1905 AD).
Wernicke was at the same time an anatomist and a
psychiatrist, from Germany (Fig. 1.4) (Sharpton
et al. 2009; Miranda 2015). Together, they per-
formed a series of well-documented neurological,
biological, and specific pathological studies about
human coccidioidomycosis.
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Fig. 1.4 A photograph of Carl Wernicke (1848-1905 AD)

Invaluable studies were performed by
Abraham Buschke (1868-1943 AD) from Nakel,
Posen, Germany (Fig. 1.5) (Sharpton et al. 2009).
He was actually a dermatologist (Miranda 2015).
In 1894, in collaboration with Otto Busse (1867—
1922 AD), they described the “Busse-Buschke
disease,” an infectious pathological situation
caused by the fungus Cryptococcus neoformans.

Around 1897, Oppe presented in the scientific
community the first case of cerebral aspergillosis
extending from sphenoid sinusitis (Antoniades
et al. 2008). In 1905, Von Hansemann demon-
strated Cryptococcus in cerebrospinal fluid (CSF)
(Genkal et al. 2011). The name Cryptococcus
was derived from the Greek word kryptus mean-
ing “hidden.” It was used to describe a specific
group of yeasts that lacked the ability to produce
endospores by Friedrich Traugott Kiitzing (1807—
1893 AD), a German pharmacist, botanist, and
phycologist (Fig. 1.6) (McPartland and Goff
1991; Sharpton et al. 2009).

In the same time period, cerebral Cryptococcus
and the blast mycosis were described, and the
organism was successfully grown in culture

Fig. 1.5 A photograph of Abraham Buschke

(1868-1943 AD)
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Fig. 1.6 A photograph of Friedrich Traugott Kiitzing
(1807-1893 AD)

(Miranda 2015). The triple scientific collabora-
tion between Smith, Sano, and Miale reported the
instances of meningeal implication caused by
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Candida albicans (Antoniades et al. 2008;
Genkal et al. 2011). They also described Candida
meningitis for the first time (Gavito-Higuera
et al. 2016; Pappas et al. 2016; Correia and
Campos 2003).

1.4 Contemporary Period

Ophuls made the first human report of a coccidioi-
dal brain lesion during his studies around 1905
(Huntington 1976, 1985). The next huge step in
understanding the disease was made by William
Ophuls (Patrick Ophuls) (1871-1933 AD)
(Fig. 1.7), an academic pathologist in 1921, in
Stanford Medical School, USA. Ophuls managed
to clearly identify the fungal nature of this organism

Fig. 1.7 A
(1871-1933 AD)

photograph ~ of  William  Ophuls
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with mice transmission (Huntington Jr. 1986). He
performed clinical studies of the disease in a docu-
mented series of cases of coccidioidomycosis in a
patient who died because of disseminated coccidi-
oidomycosis, the first documented case of the dis-
ease in the history (Hirschmann 2007). After
decades of studies and many efforts, the research-
ers made the clear definition and manifestation of
coccidioidomycosis in scientific publications.
Further description of the disease was reported by
Evans in 1909. The first case with both coccidioidal
meningitis and hydrocephalus was described by
Ryfkogel. He managed also to perform an accurate
description of coccidioidal meningitis (Veterans
Affairs Armed Forces, 1955-1958) (Correia and
Campos 2003).

Adolfo Lutz (1855-1940 AD), a Brazilian
physician and pioneer tropical medical doctor,
was the first to describe paracoccidioidomycosis
in 1908 (Fig. 1.8). He performed zoological

studies, epidemiological investigations, and
infectious diseases research (Correia and
Campos 2003).
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Fig. 1.8 A photograph of Adolfo Lutz (1855-1940 AD)
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Morris was the first to report coccidioidomy-
cosis as the only site of dissemination outside of
the pulmonary area in 1924 (Morris 1924).
Abbott and Cutler made review studies regarding
14 cases in 1936 with description of the typical
CSF findings (Correia and Campos 2003).
Subsequent pathological reports were very
important in order to clarify the association
between meningeal involvement and CNS coc-
cidioidal infection (Spellberg et al. 2005).

Edmond Isidore Etienne Nocard (1850-
1903 AD) performed studies in Provins (Seine-
et-Marne, France) (Fig. 1.9) (Haas 2000). He was
the first scientist who managed to describe the
acid-fast aerobic cattle actinomycetes (Mathijsen
2003). Trevisan called them by the name
Nocardia farcinica in 1889 (Pospischil 2002). An
essential step was performed in 1891 by Eppinger
with the first documented report of metastatic
human cerebral nocardiosis from the lung
(Pospischil 2002).

Histoplasmosis was described by Darling
around 1906: the report was about a documented
disseminated granulomatous infection in a patient
(Beolens et al. 2011). About 18 years later in

Fig. 1.9 A photograph of Edmond Isidore Etienne
Nocard (1850-1903 AD)

1924, Morris reported a unique case of coccidioi-
domycosis outside the pulmonary function as a
result of dissemination (Smit et al. 2003). Then, a
total of 14 cases of typical CSF findings were
reviewed by Abbott and Cutler in 1936 (Abbott
and Cutler 1936). The association of meningeal
involvements with coccidioidal infections of the
CNS was documented in an accurate pathologi-
cal report.

In general, histiocytes were studied with
Histoplasma capsulatum. On the other hand, rhi-
nocerebral zygomycosis was accurately described
and presented in a series of three cases by
Gregory Binford in Maryland, USA, in 1943
(Chiller 2016). In 1952, he published a case
report of brain abscess attributed to Cladosporium
(Chiller 2016).

Moreover, we have to mention that before the
use of the antifungal drugs, such cases with com-
bination of fungal infections of the CNS and later
improvement following surgical removal of cere-
bral abscess and evacuation of granulomatous
lesion were rarely published in the current litera-
ture. In 1903, antifungal chemotherapy started
successfully using potassium iodide in cases of
cutaneous or subcutaneous sporotrichosis
(Chiller 2016). The next decades involved with
the introduction of mucosal and systemic myco-
ses: in 1953, nystatin, the first useful polyene
drug, and in 1956, amphotericin B, the second
useful polyene drug. Amphotericin B remains till
today the best option about these infection types
(Moen et al. 2013). Although these infections
have been recognized for over a century, until the
use of amphotericin B, fungal infections of the
CNS remained a pathological situation with dif-
ficult effective treatment.

During the next few years, in 1964, flucyto-
sine (5-fluorocytosine); in 1970, azole drugs; in
1978, miconazole; in 1981, ketoconazole; in
1990, fluconazole; in 1992, itraconazole; and in
2000-2010, other drugs against the fungal infec-
tions of the CNS were developed (Chiller 2016;
Moen et al. 2013). In order to avoid the toxicity
of amphotericin B, the following were intro-
duced: liposomal amphotericin B with/without
lipids, triazoles like voriconazole and posacon-
azole, and echinocandins like anidulafungin,
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caspofungin, and micafungin (Chiller 2016).
The use of these combinations in situations such
as cases of patients with severe invasive mycoses
provided good results and in this way improved
the outcome and ameliorated the health-related
quality of life of these patients (Moen et al.
2013).

Finally, Fragoyannis, van Wyk, and de Beer
reported of North American blastomycosis in
South Africa (Fragoyannis et al. 1977). Gonyea
(1978) reported a three-patient series with blas-
tomycosis meningitis without extracranial
infection (Schlech et al. 1985; Hurwitz et al.
1986).

1.5  Conclusion

Fungal infections have been known since early
times, in particular since the nineteenth century.
Although many fungal infections of the CNS are
rare, there is no doubt further research is still
needed in order to describe their formation in
detail. Microbiologically, there are some mor-
phologic similarities in various fungi, and there-
fore there is a difficulty in differential diagnosis
of these complex forms but also the functional
deficits that may cause.
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2.1 Introduction

The burden of invasive fungal infection (IFI) has
been increasing in both immunocompetent and the
immunocompromised hosts (Vallabhaneni et al.
2016). This phenomenon is due to multiple factors
that include increased awareness of fungal infec-
tions leading to an increased diagnostic testing,
improvements in the diagnostic capabilities, and an

S. S. Dadwal (B)

Division of Infectious Disease, City of Hope National
Medical Center, Duarte, CA, USA

e-mail: sdadwal @coh.org

© Springer Nature Switzerland AG 2019

ever-increasing pool of at-risk population: cancer,
hematopoietic cell transplantation (HCT), solid
organ transplantation (SOT), newer immunosup-
pressive therapies, and neonatal and elderly patients
(Powers-Fletcher and Hanson 2016; Vallabhaneni
et al. 2016). The spectrum includes fungi that are
opportunistic pathogens and true pathogens (latter
can lead to fungal infection without any apparent
immunodeficiency). This chapter will discuss gen-
eral considerations of central nervous system (CNS)
IFI epidemiology and epidemiology of specific
class of fungi: yeasts and molds that are most com-
monly associated with CNS infection.

General Considerations
of Epidemiology of CNS
Fungal Infection

2.2

In the absence of an immunocompromising con-
dition, fungal infection of the CNS is uncommon
as the host defense and the anatomy of the CNS
(functional and structural) help prevent invasion
of their CNS (Chakrabarti 2007; Marra et al.
2014). Although this protects vast majority of
mankind, exposures related to diverse environ-
mental/ecological niches of various fungal patho-
gens can lead to IFI in the context of their
endemic distribution: Coccidioides (Brown et al.
2013), Cryptococcus gattii (Chen et al. 2014;
Datta et al. 2009), Histoplasma (Chu et al. 2006;
Hammerman et al. 1974), and Blastomyces
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(Baumgardner et al. 1992; Dworkin et al. 2005).
The sinonasal fungal infection when invasive in
nature can extend beyond the extracranial com-
partment into the brain (Kourkoumpetis et al.
2012; McCarthy et al. 2014) and may manifest as
meningitis or space-occupying lesions/abscess.
Certain epidemiologic exposures such as drown-
ing have led to infection of the CNS with
Scedosporium apiospermum (Kantarcioglu et al.
2008) and Aspergillus spp. (Kowacs et al. 2004).
Diabetic ketoacidosis, steroid use, and iron over-
load are known risk factors for mucormycosis
(Spellberg et al. 2005). Furthermore, iatrogenic
fungal infections have occurred in the setting of
outbreaks such as with Exserohilum rostratum
due to contaminated compounded methylpred-
nisolone for spinal injections in 2013 (Chiller
et al. 2013), Exophiala infection from contami-
nated injectable steroids (From the Centers for
Disease Control and Prevention 2003), and
Aspergillus meningitis after spinal anesthesia in
pregnant women (Gunaratne et al. 2007).
Perhaps, the most significant group that contrib-
utes to the burden of IFI is the immunocompro-
mised patient. The high-risk group include,
neutropenia in patients undergoing cytotoxic che-
motherapy for hematologic malignancy, those who
have undergone allogeneic HCT (Kontoyiannis
et al. 2010), especially those with graft-versus-host
disease (GVHD) requiring immunosuppressive
therapy, SOT (Pappas et al. 2010; Singh 2003;
Singh and Paterson 2005), use of biologic agents
such as TNF-a (Warris et al. 2001), use of Bruton
tyrosine kinase inhibitor, ibrutinib (Bercusson et al.
2018; Peri et al. 2018), congenital immunodefi-
ciency such as chronic granulomatous disease
(CGD) (Alsultan et al. 2006; Dotis et al. 2007;
Henriet et al. 2013), and caspase recruitment
domain-containing protein 9 deficiency (CARD9)
(Gavino et al. 2014; Lanternier et al. 2015; Rieber
et al. 2016). Within the SOT recipients, the type of
organ transplant has an impact on the risk of IFI
(Munoz et al. 2016). ICU patients are also at high
risk for IFI: mainly candida and aspergillus
(Denning 2004; Pittet et al. 1994). Patients with
human immunodeficiency virus/acquired immuno-
deficiency syndrome (HIV/AIDS) are at high risk
for cryptococcal infection (Rajasingham et al.

2017), and the risk correlates with the status of the
cell-mediated immunity.

The CNS IFI can manifest as meningitis,
which is the inflammation of the meninges. The
symptoms are often protean and can vary from
acute onset to subacute and chronic in nature.
Patients often present with headaches that are
subacute to chronic and may have visual changes,
cranial nerve abnormalities, and other symptoms
of elevated intracranial pressure. Nuchal rigidity
may or may not exist. At times, patients may
present with the symptoms/signs of cerebritis
suggesting parenchymal involvement. The
inflammatory component can result in endarteri-
tis that may result in stroke manifesting with
focal neurologic defects. In patients with immu-
nocompromised state, symptoms and signs may
be minimal or atypical that often result in delayed
diagnosis. Intracranial abscess-/mass-like lesions
are mostly encountered with invasive mold infec-
tions. Mold infections of the CNS are mostly
encountered in the immunocompromised patients
and typically present with space-occupying
parenchymal lesions/abscesses and less likely to
be associated with meningitis.

This chapter will provide an outline of the epi-
demiology for CNS infections related to common
fungal pathogens (true and opportunistic), and
the description will be centric to the specific
organism.

2.3 Yeast Infections of the CNS

2.3.1 Cryptococcus neoformans

This pathogen belongs to basidiomycetous fungi
and is the leading cause of CNS fungal infection
manifesting as meningitis and may be accompa-
nied by brain abscesses “cryptococcomas.” Its
distribution is worldwide and is ubiquitously
found in soil, bird droppings, and animals.
Humans can be colonized with it as well. There
are eight genotypes, with the most common
being C. neoformans var. neoformans in the
USA and Europe. C. neoformans var. grubii is
most common in the rest of the world. The most
significant burden from this pathogen is in the
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HIV/AIDS patient population, and the risk of
developing this infection is directly correlated
with the cell-mediated immunity that increases
with the declining CD4 count (most cases occur
when CD4 is <100 cells/pl) (Rajasingham et al.
2017). With the availability of HAART, the
incidence of cryptococcal CNS infection has
decreased in the USA, although it is still a major
cause for morbidity and mortality in the develop-
ing world (Rajasingham et al. 2017). After HIV/
AIDS, SOT recipients have the highest rate of
CNS infection (Pappas et al. 2010), but it is rare
in recipients of HCT (with more cases observed
in autologous than allogeneic) (Kontoyiannis
et al. 2010). In the SOT, Cryptococcus contrib-
uted to 8% of all IFI in a large prospective study
(Pappas et al. 2010), and the CNS is the most
common extrapulmonary site of infection.
Increased risk for CNS involvement was corre-
lated with abnormal mental status, late-onset
disease, and high serum cryptococcal antigen
titer (Osawa et al. 2010).

C. gattii is an emerging pathogen worldwide
that was previously described primarily in trop-
ical and subtropical areas such as Australia,
New Guinea, Hawaii, Southern California,
Central Africa, and Southeast Asia (Maziarz
and Perfect 2016). Originally described with
eucalyptus trees, the recent outbreaks noted
association with trees such as oaks and firs.
There has been an evolving epidemic in the
Vancouver Island and Pacific Northwest, USA,
and cases have been described in multiple states
across the USA (Harris et al. 2011). This patho-
gen primarily affects the healthy individuals
although there is an association with anti-GM-
CSF antibodies and C. gartii infection (Rosen
et al. 2013; Saijo et al. 2014). The disease pro-
cess is frequently severe with meningitis and
cryptococcomas in the immunocompetent
patients (Chen et al. 2014).

2.3.2 Candida

Candida species are an important cause of health-
care-associated infection presenting as dissemi-
nated infection (candidemia). They are found in

soil, on inanimate objects, and on hospital sur-
faces and colonize the respiratory/GI tract of nor-
mal and immunocompromised hosts. The risk
factors for candidemia include critically ill neo-
nates associated with prematurity, low APGAR
score, shock, intubation and congenital malfor-
mations, neutropenic host, HCT recipients with
mucositis or graft-versus-host disease (GVHD) of
the gut, SOT, use of broad-spectrum antibiotics,
central venous catheter, intravenous drug use,
total parenteral nutrition, gastrointestinal surgery,
diabetes, sepsis, pancreatitis, ICU stay, and dialy-
sis (Blumberg et al. 2001). C. albicans is the most
frequent cause of infection in the USA followed
by C. glabrata (Matsumoto et al. 2014), and there
is variability in the distribution of species based
on geography and patient population (Pfaller et al.
2012); C. glabrata is more frequently isolated
from SOT and elderly patients. Additionally, there
has been emergence of drug-resistant Candida
spp. such as triazole and echinocandin resistance
in C. glabrata (Pfaller et al. 2010; Pfaller et al.
2011). Candida auris, a multidrug-resistant can-
dida species, has gained notoriety in recent years
as a cause of outbreaks associated with high mor-
bidity and mortality (Sarma and Upadhyay 2017).

Candida used to be the most common cause of
fungal meningitis, but that has been replaced by
C. neoformans. Candida meningitis/brain
abscesses occur in the context of disseminated
candida infection in premature infants and neo-
nates (Faix 1984; Fernandez et al. 2000) and
patients with AIDS (Casado et al. 1997), neutro-
penia from chemotherapy (Flynn et al. 1993),
CGD (Cohen et al. 1981), and SCID (Smego Jr
et al. 1984). Direct inoculation may occur with
traumatic injuries (Brenier-Pinchart et al. 1999),
CNS ventricular shunts (Baradkar et al. 2009;
Shapiro et al. 1989) and polymer wafers used
in local chemotherapy are additional risk factors
(Glick et al. 2010).

2.3.3 Coccidioides

The disease caused by Coccidioides is com-
monly referred to as coccidioidomycosis or
“valley fever,” named after the common
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occurrence of this endemic fungal infection in
the San Joaquin Valley in California. C. immitis
and C. posadasii are the two species that cause
disease in humans. It is a dimorphic fungus that
is able to survive in dry and arid environment. It
is highly infectious and inhalation of even a few
arthroconidia can lead to infection (Kong et al.
1964). Endemic areas include California, with
particularly high rates in Kern and Fresno coun-
ties, Arizona, New Mexico, Nevada, Utah,
Washington, Texas, Mexico, Central America,
Honduras and Guatemala, and South America:
Brazil, Venezuela, Argentina, and Paraguay
(Stevens 1995). Changing environmental and
human factors in the endemic area, changes in
surveillance and definitions, diagnostic meth-
ods, and increasing pool of immunocompro-
mised patients may be affecting the increase of
rates in California and Arizona (Stockamp and
Thompson 3rd 2016). Certain natural disasters
such as major earthquakes (Schneider et al.
1997), digging/excavation activities, and dust
storms may lead to local epidemics.
Coccidioidal meningitis is a dreaded complica-
tion that is associated with significant morbid-
ity and mortality. Basilar meningitis with its
inflammatory exudate is commonly compli-
cated with obstructive hydrocephalus that
requires ventricular shunt. Patients with coc-
cidioidomycosis with headache, visual changes,
or any CNS symptom or sign should undergo
spinal tap.

In a study of allogeneic HCT recipients living
in endemic areas with prior history of exposure/
infection, 11/426 (2.6%) were noted to develop
active coccidioidomycosis post-HCT (Mendoza
et al. 2015). In a study with SOT recipients with
prior history of coccidioidomycosis, reactivation
was observed in 5% despite antifungal prophy-
laxis (Keckich et al. 2011). Mortality rates of up
to 55% have been reported in allogeneic HCT
(Mendoza et al. 2015) and 28% in SOT (Mendoza
and Blair 2013). Other risk factors include the
use of TNF-a blockers (Bergstrom et al. 2004)
and HIV/AIDS (CD4 less than 250) (Masannat
and Ampel 2010), pregnant women, and race. It
is more frequently observed in African Americans
and Filipinos with the propensity to develop CNS
involvement.

2.3.4 Blastomyces

Blastomyces dermatitidis is a dimorphic fungus
that is endemic in the Midwestern states of the
USA, Canadian provinces along the great lakes,
and the Mississippi and Ohio river valleys (Castillo
et al. 2016). Cases have been reported from other
states and countries too. Even though surveys from
Wisconsin show high rates of endemicity, the true
prevalence is unknown, secondary to a lack of
mandatory reporting. The infection has been asso-
ciated with exposure to decaying wood or disturb-
ing the soil. The most common site of infection is
the skin and lungs with the propensity to develop
disseminated disease. CNS involvement occurs in
about a third of all infected patients. In a pediatric
study that reviewed 114 children with Blastomyces
infection, 21% had extrapulmonary disease, and
only 2 had CNS involvement. The majority of the
infections were due to B. gilchristii followed by B
dermatitidis, and the latter was associated with
more extrapulmonary disease (Frost et al. 2017). In
a study of 22 patients with CNS involvement,
22.7% had isolated involvement of the CNS
(Bariola et al. 2010). Presentation varies from
symptoms/signs of acute meningitis to chronic
meningitis and brain abscess. AIDS patients have
high burden from CNS disease developing in 40%
of patients (Grim et al. 2012), while it is of rare
occurrence in SOT and HCT recipients (Kauffman
et al. 2014). Furthermore, the use of corticosteroids
and TNF-a blockers also increases the risk (Pappas
et al. 1993; Smith and Kauffman 2009).
Blastomyces helicus is an emerging fungus
that has been reported to be associated with dis-
seminated disease with CNS involvement in 20%
of the infected patients. The primary route of
acquisition is inhalational and skin involvement
is rare. In a case series of ten patients, six had
underlying immunocompromising condition, and
50% had fungemia which is extremely uncom-
mon with B. dermatitidis (Schwartz et al. 2018).

2.3.5 Histoplasma

Histoplasma capsulatum leads among the other
causes for endemic mycoses (Chu et al. 2006;
Hammerman et al. 1974). In the USA, it is most
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prevalent in the Ohio and Mississippi river val-
leys. Outside of the USA, it has been reported
from Mexico, South American countries, parts of
Asia, and Southeast Asia. Exposure to soil rich in
bird or bat guano is a risk factor for the acquisi-
tion of Histoplasma (Wheat et al. 2016). The
activities that are mostly reported to be signifi-
cant exposures include farming, cave explora-
tion, remodeling of old buildings, clearing
brushes, or cutting trees at sites that had sup-
ported blackbird roosting. The highest numbers
were seen in the context of HIV/AIDS epidemic
(Assi et al. 2007; Kaur and Myers 1983) and,
subsequently, exposure in the immunocompro-
mised patients with T cell dysfunction, exposure
to TNF-a blockers, SOT, and HCT (Wheat et al.
2016). It is encountered more commonly in the
SOT group, while a lower incidence is observed
in HCT recipients (Kauffman et al. 2014).
Dissemination to the CNS is infrequent and is
mostly observed in the immunocompromised
patient with development of meningitis or focal
lesions in 5—-10% of the cases (Chen et al. 2014).
A recent retrospective study reviewing 77 cases
noted male predominance with most frequent
underlying diagnosis of HIV/AIDS in 44% fol-
lowed by transplantation in 13%, and 14% had
other immunocompromising conditions (Wheat
et al. 2018). Morbidity and mortality are high in
patients with CNS involvement.

2.3.6 Sporothrix schenckii

S. schenckii is a dimorphic fungus that is most
commonly found in the tropical and subtropical
areas. It has been reported mostly from Japan,
India, Mexico, Brazil, Uruguay, and Peru. In the
USA, outbreaks related to pine seedlings and
manipulation of the moss have been reported
from the Mississippi Valley (Barros et al. 2011).
The activities associated with risk for acquisi-
tion of Sporothrix are agriculture, floriculture,
wood exploration, mining, and exposure to cats
that are infected with this fungus (veterinarians,
owners, and caretakers of cats) (Barros et al.
2004, Vilela et al. 2007). The most common site
of infection is the skin although it can be
acquired via inhalation and has the propensity to

disseminate in the immunocompromised
patients (Barros et al. 2011). CNS involvement
has been reported in patients with underlying
immunodeficiency (Gullberg et al. 1987;
Hardman et al. 2005) and mostly manifests as
meningitis.

24 Mold Infections of CNS

2.4.1 Aspergillus

The increase in the number of at-risk patients
undergoing transplantation, chemotherapy for
hematologic malignancies, and use of novel
immunosuppressive medications has led to a
spurt in invasive aspergillosis. Aspergillus spp.
have a ubiquitous distribution in the nature and
are commonly found in soil, decaying vegetation,
and food material. The primary route of acquisi-
tion is inhalational, although infection related to
skin patch dressing and trauma has been observed.

Risk factors for invasive aspergillosis include
neutropenia in patients undergoing induction che-
motherapy for hematologic malignancy and HCT
especially in the context of GVHD that requires
treatment with steroids or agents such as inflix-
imab, and ibrutinib (bruton tyrosine kinase inhibi-
tor) and in SOT (Bercusson et al. 2018;
Kourkoumpetis et al. 2012; McCarthy et al. 2014,
Pappas et al. 2010; Peri et al. 2018; Singh and
Paterson 2005). Inherited conditions such as CGD
and CARD9 deficiency are also associated with
increased risk of Aspergillus infection (Alsultan
et al. 2006; Dotis et al. 2007; Henriet et al. 2013;
Rieber et al. 2016). Patients with diabetes, recent
CNS surgery, lumbar puncture, paranasal sinus-
itis, chronic steroid use, intravenous drug use,
pulmonary tuberculosis, and alcoholic liver dis-
ease are also at risk.

Aspergillus is now the most common cause of
IFI in the allogeneic HCT patients having sur-
passed Candida as reported in a large prospective
database (Kontoyiannis et al. 2010). In SOT, the
highest incidence is noted in lung, lung-heart
transplant (about 6%), and liver and kidney trans-
plants (Pappas et al. 2010). CNS involvement
occurred in 15.4% of cases in the context of dis-
seminated disease from a large study in Europe
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(Gavalda et al. 2005). A. fumigatus, A. terreus,
and A. flavus are the most common species asso-
ciated with CNS disease. CNS aspergillosis can
manifest as meningitis, infarction, or a brain
abscess with the latter two presentations being
more common.

2.4.2 Non-Aspergillus Mold
Infections

2.4.2.1 Mucormycosis

Mucormycosis is an infection caused by fungi
from the Mucorales order (Mendoza et al. 2014),
with Rhizopus spp. the most common offending
agent. The organism is found in the decaying
organic matter such as vegetables, seeds, fruits,
manure, and compost. It releases spores that
when airborne can be inhaled.

The incidence of this devastating illness has
been increasing over the last decade, in the
HCT and SOT, patients with hematologic
malignancy (HM) undergoing cytotoxic che-
motherapy, uncontrolled diabetes mellitus with
acidosis, burns, and trauma (Roden et al. 2005;
Walsh et al. 2012). Voriconazole and echino-
candin prophylaxis has been associated with
increased risk of mucormycosis, while tacroli-
mus is protective (Singh et al. 2009).

The spread to CNS is primarily via the
hematogenous route, although direct extension
from the sinuses to the intracranial compart-
ment is well known. In a large retrospective
study of 929 patients, CNS involvement was
described in one-third of the patients, and of
that 69% were related to sinonasal source
(Roden et al. 2005). Injection drug users mani-
fest predominantly with cerebral involve-
ment—abscesses or infarcts (Fong et al. 1990;
Stave et al. 1989).

2.4.2.2 Phaeohyphomycoses
(Dematiaceous Fungi)
This is a diverse group of pigmented fungi that
are emerging as a cause of CNS fungal infec-
tions. Many of the fungi in this group are neuro-
tropic, such as Cladophialophora bantiana,
Exophiala dermatitidis, and Rhinodadeiella
mackenziei (Chakrabarti 2007).

Although Cladophialophora infections are
reported worldwide, the majority are in areas that
have a warm and humid climate (Kantarcioglu
et al. 2017). A systematic review of C. bantiana
cases reported that the majority of cases are from
India, the USA, Brazil, Canada, France, Spain,
South Africa, and Italy, with sporadic cases from
various other countries. The majority of patients
were immunocompetent (58.3%) and 97% had
brain abscess. Regardless of the immune status,
mortality was high at 65% (Kantarcioglu et al.
2017).

Exophiala dermatitidis notoriously causes
brain abscesses and is mostly reported from the
Asian countries. CARD9 deficiency has been
identified as a risk factor (Lanternier et al. 2015).
Other molds such as Lomentospora prolificans,
Alternaria  spp.,  Exserohilum  rostratum,
Scopulariopsis spp., Curvularia spp., Bipolaris
spp., Chaetomium, and Ochroconis gallopava are
more often encountered in immunocompromised
hosts (Kontoyiannis et al. 2010; Pappas et al.
2010). In a review of 72 cases of phaeohyphomy-
cosis (Revankar et al. 2002), the majority of
patients (76%) had underlying immunodefi-
ciency, and CNS involvement was identified in
22/72 (30.5%). Only three of the patients with
CNS infection did not have an underlying immu-
nologic deficit (two caused by Curvularia spp.
and one by Wangiella dermatitidis). A case series
of 12 SOT patients with Ochroconis gallopava
infection described high mortality rate in those
with CNS involvement that reached 80%
(Shoham et al. 2008).

From an iatrogenic standpoint, a large out-
break of fungal meningitis due to Exserohilum
rostratum in the USA resulted in patients who
had received contaminated compounded methyl-
prednisolone used for spinal/epidural injections
(Chiller et al. 2013).

2.5 Miscellaneous Fungi

Scedosporium apiospermum is ubiquitously found
in the environment, especially polluted environ-
ment of high human activity, agricultural soil, and
polluted water (Ramirez-Garcia et al. 2018).
Scedosporium and Lomentospora accounted for
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the majority of non-Aspergillus mold infections in
both HCT and SOT, 71% and 29%, respectively
(Husain et al. 2005).

Paracoccidioides brasiliensis is the main
cause for paracoccidioidomycosis that is endemic
in South America, and chronic disease is a risk
factor for CNS involvement (Shikanai-Yasuda
et al. 2017). Fusarium spp., Acremonium spp.,
and Paecilomyces spp. have also been associated
with CNS involvement in patients with dissemi-
nated disease. Dermatophytes such as
Trichophyton and Microsporum have also been
described in immunocompromised patients lead-
ing to CNS infection. Emmonsia is another
emerging fungus that has the ability to cause dis-
seminated disease.

2.6  Conclusion

Fungi are ubiquitous in the environment and
exposure to them is inevitable. The epidemio-
logic trends of CNS yeast and mold infections
demonstrate varying risk based on the host
immune status and environmental exposures
especially in the context of endemic fungi, as
well as non-endemic fungi. With the advance-
ment in the care of very ill patients and neurosur-
gical interventions, these infections may occur
more frequently. Increased awareness coupled
with diagnostic advances over time should result
in the timely establishment of diagnosis and
intervention with a potential improvement in out-
comes. The CNS IFI carries high morbidity and
mortality and is a challenging medical/surgical
condition.
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