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Abstract 

Filamentous fungi are often identified as deadly human pathogens. They can 
cause invasive diseases in immunocompromised hosts, especially in those with 
hematological malignancies and transplant recipients. Aspergillus species are the 
most common fungi linked to invasive mold disease. Other molds of medi-
cal importance are Fusarium, Mucorales, and Scedosporium. This chapter exclu-
sively addresses the most commonly encountered hyaline and dematiaceous 
molds responsible for central nervous system (CNS) mycoses. The primary insult 
is almost always associated with the paranasal sinuses and/or the lungs, where-
from the infection disseminates. Hematogenous spread or direct invasion from 
adjoining sinuses lead to the involvement of the CNS. Mucor, Rhizopus, 
Rhizomucor and other genera under the order Mucorales tend to present as 
rapidly progressive paranasal sinus or rhino-orbito-cerebral infection, mostly in 
diabetics and high-dose steroid recipients. The diagnosis of CNS mold infections 
is challenging. While serological markers, such as galactomannan and (1,3)-β-D-
Glucan (BDG) are of value in diagnosing many filamentous mold infections, 
there are exceptions, such as Mucorales, which lack BDG entirely or produce it in 
very low amounts. Culture-based methods still form the cornerstone for diagnosis 
of CNS mold diseases. In mucormycosis, the presence of broad, aseptate, ribbon-
like hyphae with right angle branching in direct microscopy and histopathological
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examination of necrotic tissue is considered diagnostic. Treatment of CNS mold 
infections encompasses an early aggressive multidisciplinary approach with 
surgical debridement, antifungal therapy and correction of underlying disease, 
if any.
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14.1 Introduction 

Central nervous system (CNS) mold infections are rare but serious conditions that 
can cause significant morbidity and mortality. These infections are caused by a 
variety of molds, most commonly, Aspergillus, Fusarium, and Mucorales. CNS 
infection caused by dematiaceous or melanized fungus is known as cerebral 
phaeohyphomycosis, often referred as black molds or phaeoid fungi. Most of the 
causative agents of cerebral phaeohyphomycosis belong to the order Chaetothyriales 
and include Cladophialophora bantiana, Rhinocladiella mackenziei, Exophiala 
dermatitidis, and Fonsecaea monophora. Other less common causes include 
Verruconis gallopava, Acrophialophora fusispora, Neoscytalidium dimidiatum, 
Curvularia spp., Exserohilum spp., Chaetomium spp., and Nodulisporium 
sp. C. bantiana is the most common (48%) cause of cerebral phaeohyphomycosis 
worldwide (Revankar and Sutton 2010). 

The incidence of CNS mold infections has increased in recent years, primarily 
due to the growing population of immunocompromised patients. The risk factors for 
CNS mold infections include HIV infection, organ transplantation, malignancy, 
chemotherapy, prolonged neutropenia, long term use of systemic steroids, uncon-
trolled diabetes, severe renal failure, and intravenous drug usage. Additionally, 
patients are more likely to develop CNS mold infections if they have a history of 
prior fungal diseases like aspergillosis or mucormycosis. A high level of suspicion is 
essential for the diagnosis of CNS mold infections, especially in patients with risk 
factors. 

CNS mold infections are more common in developing countries, where access to 
healthcare and antifungal medications is limited. In these countries, CNS mold 
infections are often associated with tuberculosis and other opportunistic infections. 

14.2 Etiologic Agents 

The causative agents of CNS mold infections include hyaline and dematiaceous 
fungi. Filamentous fungi encompass moniliaceous molds (light-colored) with sep-
tate hyphae, such as Aspergillus spp., Fusarium spp., and Mucorales (Rhizopus, 
Mucor, Lichtheimia, Syncephalestrum, and Rhizomucor) (Murthy and Sundaram



2014; Bongomin et al. 2017; McCarthy et al. 2014). Melanized fungi, although less 
common, are also implicated in some cases, albeit rarely and include 
Cladophialophora bantiana (Asian countries, particularly in India), Rhinocladiella 
mackenziei (Middle East), Exophiala dermatitidis (East Asia), Fonsecaea 
monophora, and Verruconis gallopava (worldwide). These molds can cause a 
variety of clinical syndromes, which are classified according to the site of infection 
and the extent of the disease (Table 14.1). A proper identification of the causative 
agent is crucial for appropriate management. 
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14.3 Burden of CNS Fungal Infections 

CNS fungal infections impose a significant burden on global healthcare systems and 
public health. These infections are linked to high morbidity and mortality, with 
outcomes influenced by factors such as the patient’s underlying immune status, the 
severity and duration of the infection, and the specific fungal pathogen involved. The 
incidence of CNS fungal infections varies across regions and populations studied. 
Generally, these infections are more prevalent among immunocompromised 
individuals, including those with HIV, hematologic malignancies, solid organ and 
hematopoietic stem cell transplantation, and prolonged neutropenia. The occurrence 
of CNS fungal infections is also on the rise in terminally diseased patients, such as 
those receiving mechanical ventilation and prolonged ICU stay. 

Cerebral aspergillosis is the most common form of CNS mold infection. The 
increasing use of immunosuppressive medications and the expanding population of 
immunocompromised hosts in recent years have contributed to the rise in the 
incidence of cerebral aspergillosis. Mortality rates for cerebral aspergillosis can

Table 14.1 Clinical manifestations of various fungal 

Manifestation Fungal Species 

Brain abscess Aspergillus species 
Mucormycetes 
Dematiaceous fungi 
Penicillium species 

Rhino-cerebral mucormycosis Rhizopus arrhizus 
Mucor racemosus 
Lichthemia corymbifera 
Cunninghamella species 
Syncephalastrum racemosum 

Meningitis Exserohilum rostrum 
Paecilomyces variotii (CNS shunt infections) 

Skull-base syndromes Aspergillus species 

Stroke/infarction Mucorales 
Aspergillus species 

Disseminated Mucorales 
Aspergillus species



reach as high as 90% in some individuals, making it a substantial concern in both 
clinical and public health contexts.
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Cerebral mucormycosis and disseminated fusariosis are less common than cere-
bral aspergillosis, but are associated with a higher mortality rate. Cerebral 
mucormycosis typically affects patients with uncontrolled diabetes, and its incidence 
is increasing globally due to the rising prevalence of diabetes mellitus and indis-
criminate use of high-dose steroid medications. 

The impact of CNS fungal infections extends beyond high morbidity and mortal-
ity rates. These infections pose a significant economic burden on healthcare systems 
due to prolonged hospital stays, increased diagnostic testing, and expensive antifun-
gal treatments. Additionally, CNS fungal infections can have long-term sequelae, 
including cognitive impairment and neurologic deficits. 

14.4 Epidemiology 

The epidemiology of CNS mold infections displays notable variations worldwide, 
encompassing differences in incidence rates, risk factors, and the specific causative 
agents involved. This section aims to offer a comprehensive overview of the 
epidemiology of CNS mold infections across various regions, drawing upon relevant 
studies and references. 

North America: Invasive mold infections contribute to increased levels of 
suffering and death among immunosuppressed patients (Patterson et al. 2016). 
Cerebral aspergillosis is particularly prevalent among individuals with compromised 
immune system, including those with hematologic malignancies, solid organ or bone 
marrow transplantation, and prolonged neutropenia. Furthermore, the use of 
immunosuppressive medications, such as corticosteroids, presents a significant risk 
factor for cerebral aspergillosis. In North America, the incidence of cerebral asper-
gillosis appears to be on the rise, likely due to the use of immunosuppressive 
therapies and the rising number of immunocompromised hosts. 

Cerebral mucormycosis is less common than cerebral aspergillosis in North 
America, but is associated with similar high mortality rates. Malignancy is currently 
the main risk factor for mucormycosis in developed nations like the USA, whereas in 
developing countries, uncontrolled diabetes and overuse of steroids remain the 
predominant causes. (Ruping et al. 2010; Prakash et al. 2018; Chakrabarti et al. 
2009). 

Disseminated fusariosis is less common than cerebral aspergillosis in North 
America. It can affect multiple organs, including the CNS, and is associated with 
prolonged neutropenia and immunosuppression. 

Europe: The epidemiology of CNS mold infections in Europe shares similarities 
with North America. Cerebral aspergillosis stands out as the predominant CNS mold 
infection, especially among immunocompromised patients. In Europe, mortal-
ity rates due to invasive fungal diseases (IFDs) vary depending on several factors, 
such as the specific pathogen, geographical location, and underlying patient



characteristics. The mortality rates for invasive Aspergillus infections vary between 
38% and 80% (Lass-Flörl 2009). 
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Though cerebral mucormycosis is less prevalent than cerebral aspergillosis in 
Europe, an increasing trend is being observed in recent years. The frequency of 
cerebral mucormycosis is rising globally as a result of rising cases of diabetes, and is 
particularly prevalent among individuals with uncontrolled diabetes. 

Asia: In Asia, the epidemiology of CNS mold infections differs from that in 
North America and Europe. While cerebral aspergillosis remains the most common 
CNS mold infection in Asia, its incidence is comparatively lower than in North 
America and Europe. In Asia, cerebral aspergillosis is particularly prevalent among 
immunocompromised patients, including those with hematologic malignancies and 
individuals who have undergone solid organ or bone marrow transplantation. 

Cerebral mucormycosis, on the other hand, is more frequently encountered in 
Asia compared to North America and Europe. This difference is likely attributed to 
the higher prevalence of uncontrolled diabetes in the region. In the general popula-
tion, mucormycosis is considered a rare disease with an estimated incidence of 0.005 
to 1.7 cases per million individuals (Jeong et al. 2019). Nevertheless, reports indicate 
that in India, the prevalence of mucormycosis among diabetic patients is approxi-
mately 0.14 per 1000, which is significantly higher (80 times) compared to other 
regions of the world (Chander et al. 2018). This incidence is also higher than the 
estimated rate in the general population based on computational modeling (Ray et al. 
2022). 

Cladophialophora bantiana, a dematiaceous fungus with global distribution, is 
particularly prevalent in Asian countries such as India. It is highly neurotropic and 
is a major cause of fungal brain abscess both in immunocompetent and immuno-
compromised individuals. Other CNS mold infections, including disseminated 
fusariosis, are less frequently reported from Asia. 

Africa: In Africa, the epidemiology of CNS mold infections is poorly under-
stood. However, the existing evidence from case reports and small case series 
highlights a significant occurrence of cerebral aspergillosis and cerebral 
mucormycosis among immunocompromised patients in the region, including 
individuals with HIV and hematologic malignancies. 

The epidemiology of CNS mold infections, including aspergillosis, 
mucormycosis, and fusariosis, varies significantly around the globe. 

14.4.1 CNS Aspergillosis 

Aspergillosis, the most common CNS mold infection globally, has shown an 
increasing incidence in recent years. The highest rates of cerebral aspergillosis are 
observed in immunocompromised patients, including those with HIV, hematologic 
malignancies, and solid organ or bone marrow transplantation. Furthermore, criti-
cally ill patients, particularly those in intensive care units and receiving mechanical 
ventilation, are at higher risk of developing invasive aspergillosis.
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The most common invasive mold infection, especially among individuals with 
hematopoietic stem cell transplants and hematological malignancies, is invasive 
aspergillosis (Patterson et al. 2016). Nearly 90% of human infections are attributed 
to Aspergillus fumigatus. However, infections caused by non-fumigatus species, 
such as A. niger, A. terreus, A. flavus, A. nidulans, A. oryzae, and A. ustus, are also 
being observed. Tropical and subtropical regions like North America, the Middle 
East, and Southeast Asia have higher incidences of non-fumigatus Aspergillus spp. 
(Zanganeh et al. 2018; Lionakis et al. 2005). In immunosuppressed hosts, Aspergil-
lus fumigatus is the primary cause of CNS infections, whereas Aspergillus flavus is 
more prevalent in immunocompetent individuals (Candoni et al. 2019). 

14.4.2 Rhino-Orbito-Cerebral Mucormycosis 

Rhizopus arrhizus is the most common cause of mucormycosis worldwide, while 
Lichtheimia species is predominant in Europe and Apophysomyces variabilis in Asia 
(Roden et al. 2005; Prakash and Chakrabarti 2019). Rhino-orbital cerebral 
mucormycosis is the commonest clinical manifestation, with Rhizopus oryzae 
being the most common etiologic agent. Uncontrolled diabetes mellitus is the 
leading risk factor, accounting for majority of cases (36%), followed by hematologic 
malignancies (17%) and hematopoietic stem cell or solid organ transplantation 
(12%) (Roden et al. 2005). Environmental factors like high humidity and tempera-
ture, may also contribute to the increased incidence of mucormycosis. 

The current survival rate of mucormycosis patients without brain involvement 
ranges from 50% to 80%, which reduces to 20% when brain is affected. The 
prognosis and fatality associated with rhino-orbito-cerebral mucormycosis depend 
on several factors, such as the early identification of underlying disease, aggres-
sive surgical debridement, and the timely administration of appropriate antifungal 
therapy. (Prakash and Chakrabarti 2019; Tooley et al. 2022). 

14.4.3 CNS Fusariosis 

Despite being less common than aspergillosis and mucormycosis, disseminated 
fusariosis, nevertheless, is a serious concern due to high morbidity and mortality. 
The incidence of fusariosis is highest in patients with prolonged neutropenia, T-cell 
immunodeficiency, hematologic malignancies, and those undergoing immunosup-
pressive therapy. The infection has a trimodal distribution in the allogeneic 
hematopoietic stem cell transplantation (HSCT) population with three peaks. The 
first peak occurs during neutropenia in the initial post-transplant phase. Patients 
receiving corticosteroids for acute graft-versus-host disease (GvHD) experience the 
second peak, and the third peak appears during treatment for chronic severe GvHD 
more than a year following transplant (Nucci et al. 2004). Notably, the main risk 
factor for fusariosis in these patients is severe T-cell immunodeficiency, not neutro-
penia. Fusariosis occurs in about 6 cases for every 1000 HSCTs, with autologous



recipients experiencing the lowest incidence (1.5 to 2/1000), matched related and 
unrelated allogeneic recipients reporting intermediate incidence (2.5 to 5/1000), and 
mismatched related donor allogeneic recipients having the highest incidence 
(20/1000) (Nucci et al. 2004). 
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The epidemiology of CNS mold infections varies significantly around the globe, 
with incidence rates influenced by various factors, including population 
demographics, underlying medical conditions, environmental factors, and healthcare 
infrastructure. To improve the outcomes and alleviate the burden of these infections, 
it is crucial to raise awareness, facilitate early diagnosis, and ensure appropriate 
treatment. 

14.5 Pathogenesis 

CNS mold infections are uncommon, yet highly fatal conditions caused by fungi that 
invade the brain. The pathogenesis of CNS mold infections involves a complex 
interplay between the fungal virulence factors, host immune response and the 
structural and functional characteristics of the CNS. 

Fungi can enter the CNS through different routes, including direct extension from 
a nearby infected site, hematogenous dissemination, or accidental inoculation during 
neurosurgical procedures or trauma. Once inside the CNS, the fungi can cause a 
range of pathologic changes, including tissue necrosis, inflammation, hemorrhage, 
and edema. Some fungi, such as Aspergillus and Rhizopus, can produce 
angioinvasive hyphae that penetrate blood vessels and cause thrombosis and infarc-
tion, leading to ischemic injury and further tissue damage (Fig. 14.1). 

The outcome of CNS mold infections greatly relies on the host immune response. 
Immunosuppressed patients, such as those with HIV/AIDS, organ transplants, or 
hematologic malignancies, are particularly vulnerable to fungal infections because 
of their compromised immune function. Conversely, immunocompetent patients 
possess the ability to mount an effective immune response, which helps contain 
the infection and facilitate fungal clearance. The immune response to fungi involves 
innate, as well as adaptive mechanisms, which includes phagocytic cell-activation 
(neutrophils and macrophages), in addition to the cytokine production and 
chemokines that recruit and stimulate immune cells. 

The pathogenesis of CNS mold infections is complex and involves several steps. 
These include:

• Direct inoculation or inhalation of fungal spores: The fungi enter the body either 
through inhalation or by accidental inoculation during surgery or trauma. In 
certain instances, the infection may originate from a primary site of infection 
located elsewhere in the body, which then spreads to other areas. There may be 
contiguous spread from nearby sites such as sinuses, mastoid or orbit. Other 
sources, such as intravenous drug use, or contaminated medical supplies have 
been reported in patients infected with Exophiala dermatitidis and Exserohilum 
rostratum.



• Adherence and invasion: The fungal cells adhere to the host tissue and form a 
biofilm. The biofilm allows the fungi to evade host defenses and invade the host 
tissue, and also acts as permeability barrier to antifungal drugs.

• Host immune response: The effective containment of fungal infection depends 
substantially on the host immunological response. However, in immunocompro-
mised patients, the immune response is often inadequate allowing the fungi to 
multiply and disseminate rapidly.

• Fungal growth and dissemination: Fungal growth can cause tissue damage and 
may lead to the dissemination of the fungi to other organs, including the CNS.

• CNS invasion: In CNS mold infections, the fungi invade the brain, spinal cord, or 
meninges. The invasion can lead to inflammation, necrosis, and hemorrhage. 
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Fig. 14.1 The pathogenesis of CNS mold infection involves a series of events, as depicted in the 
diagram (1) the portal of entry, typically the respiratory or in few cases extra-pulmonary site, 
extension from the ear or paranasal sinuses, or direct inoculation through cranial trauma or 
neurosurgery. (2) The host immune response involving secretion of cytokines and chemokines to 
clear the fungal infection. (3) Fungal elements multiply and disseminate via the bloodstream. (4) 
The fungi invade the central nervous system by disrupting the blood-brain barrier. Mycotoxins may 
contribute to this process, leading to damage to neurons and astrocytes 

Immunocompromised state causes the BBB to become more permeable, which 
makes it easier for fungi to invade the brain. Penetration of the fungal pathogen is 
facilitated but increased permeability of the blood brain barrier and the breach of the 
barrier occurs by one of the following mechanisms: 

Trans-cellular migration, 
Para-cellular migration, and 
Trojan Horse Mechanism (inside infected phagocytes) 

Once inside the brain parenchyma, the pathogens begin to multiply and cause 
inflammation. Fungal invasion is typically linked to immunocompromised states 
because the pathogens must breach the effective defenses encircling the brain. Once 
the BBB, cerebral and subarachnoid spaces are crossed, the CNS is involved by the 
invading fungus. Hence, the development of CNS fungal infections is influenced by



the interaction between fungal cells and nerve cells, as well as the production of 
immune-suppressing and immune-enhancing chemokines and cytokines (Sharma 
et al. 2012). The blood-brain barrier, subarachnoid space, and brain parenchyma are 
affected by fungal invasion (Koutsouras et al. 2017). Various factors, such as 
surgical intervention, trauma, cytokine release, and microglial activation can disrupt 
blood-brain barrier, facilitating this process. 
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14.6 Pathogenesis by Specific Fungi 

14.6.1 Aspergillus species 

CNS infections due to Aspergillus species are intricate and exhibit variations 
depending on the specific species involved. Risk factors, such as prolonged neutro-
penia and corticosteroid usage increase the likelihood of Aspergillus brain infection. 
Moreover, individuals with cytomegalovirus infection or cerebral trauma, immuno-
compromised patients, hematological malignancies and organ transplant recipents 
are at increased risk of neuroaspergillosis. CARD-9 deficiencies are associated with 
impaired neutrophil accumulation and predispose to neuroaspergillosis. 

CNS infection may occur either through hematogenous dissemination of the 
fungus from a primary pulmonary focus or through contiguous spread from adjoin-
ing regions, such as ear, paranasal sinuses or mastoids (Candoni et al. 2019). 
Immunocompromised individuals are more prone to develop CNS infection 
through hematogenous route, whereas direct extension from sinuses, following 
trauma and neurosurgical procedures are more likely to occur in the immunocompe-
tent (Candoni et al. 2019; Pasqualotto and Denning 2006; Jensen et al. 2010; 
Gonzales Zamora et al. 2018). The exact mechanism by which Aspergillus species 
cross the blood-brain barrier and enter the CNS is unclear. Studies have 
demonstrated that mycotoxins produced by Aspergillus species, such as gliotoxins 
and aflatoxins, prevent phagocytosis and decrease opsonization of conidia during 
invasion (Lewis et al. 2005a, b; Eichner et al. 1986; Murayama et al. 1996). These 
mycotoxins possess the ability to disrupt the integrity of the blood-brain barrier, 
leading to neuronal, astrocytic and microglial damage or apoptosis (Patel et al. 
2018). Aspergillus angioinvasion in the brain can cause hemorrhage, cerebral infarc-
tion, meningitis, and mycotic aneurysms in patients with severe immunosuppres-
sion, with mortality rates as high as 90% (Economides et al. 2017). Aspergillus spp. 
is the most common cause of intracranial mycotic aneurysms, with the internal 
carotid artery being the most common site involved. Aneurysm formation is pro-
posed to occur by (a) direct invasion of the arterial wall from within the lumen, (b) 
invasion of the arterial wall from adjacent structures (sinus, bone, and meninges), (c) 
immune complex deposition leading to vascular injury, and (d) embolic occlusion of 
the vasa vasorum. In immunocompetent individuals, granulomas, brain abscess and 
meningitis may develop with mortality rates ranging from 40–80% (Nadkarni and 
Goel 2005).
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14.6.2 Mucorales 

Fungi belonging to the order Mucorales can cause various infections in humans, 
including CNS infections. The pathogenesis of rhino-orbito-cerebral 
mucormycosis is complex and is greatly influenced by underlying host 
factors. Majority (~80%) of the patients have uncontrolled diabetes. Other risk 
factors include hematological malignancy (13-22%), solid-organ transplantation 
(7-14%), and chronic kidney disease (~10%) (Sundaram et al. 2005; Abdollahi 
et al. 2016; Vironneau et al. 2014). During the recent Covid-19 pandemic, India 
encountered several cases of rhino-orbito-cerebral mucormycosis, predominantly 
associated with indiscriminate use of corticosteroids, poor glycemic control, 
COVID-19-associated immunosuppression and blanket use of broad-spectrum 
antibiotics. 

Individuals with uncontrolled diabetes exhibit a sluggish immune 
response, impaired functioning of neutrophils, monocytes and macrophages, and 
suppressed inflammatory response. In addition, elevated serum levels of free iron in 
the background of diabetic ketoacidosis favors fungal growth, leading to 
angioinvasion and ischaemic tissue necrosis (Koutsouras et al. 2017; Sundaram 
et al. 2005; Gen et al. 2013). 

Mucorales reach the brain through the cerebral vasculature (Bannykh et al. 2018). 
The internal elastic lamina of the vessel wall is invaded by fungal hyphae, leading to 
obliteration of vessel lumen, intravascular thrombosis and intimal hyperplasia 
(Bannykh et al. 2018; Higo et al. 2015). Hemorrhagic necrosis and cerebral infarc-
tion are caused by vascular occlusion. In advanced stages, hyphal invasion of the 
brain parenchyma occurs, often as a preterminal event (Malik et al. 2014). This is 
attributed to larger morphology of hyphal elements, which prevents access to the 
meningeal microcirculation. 

The outcome of rhinocerebral mucormycosis depends significantly on the host 
immune status. In immunocompromised patients, the immune response is often 
insufficient to contain fungal invasion, allowing rapid fungal proliferation, tissue 
damage and dissemination to the CNS. Giant cell infiltration and the development of 
granulomas suggest a substantially unaltered immune response, and these features 
are linked to improved outcomes (Economides et al. 2017). 

14.6.3 Fusarium species 

Invasive infections caused by Fusarium spp. have become more common in immu-
nocompromised individuals in recent years. Fusarium is the second leading etiologic 
agent of invasive mold infections in immunocompromised patients after Aspergillus 
spp. (Peterson et al. 2014; Garcia et al. 2015; Kleinschmidt-Demasters 2009). In



patients with prolonged neutropenia, recipients of stem cell transplants, and those 
with hematological malignancies, Fusarium solani is the predominant species 
responsible for invasive infections (Dignani and Anaissie 2004; Koutsouras et al. 
2017; Nucci et al. 2015). Like Aspergillus spp., Fusarium possesses the ability to 
produce mycotoxins, such as fumonisins and trichothecenes, which primarily 
impede cellular and humoral immunity. Fumonisin B1, the predominant mycotoxin 
produced by Fusarium spp., has been linked to cerebral invasion, resulting in 
impaired mitochondrial function and axonal degeneration (Bertero et al. 2018). 
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Cerebral fusariosis is usually a manifestation of disseminated infection (Góralska 
et al. 2018). Patients may present with single or multiple cerebral abscesses, cutane-
ous nodules, endophthalmitis, chorioretinitis, meningitis, and fungemia (McCarthy 
et al. 2014). Among the medically relevant Fusarium species, F. oxysporum, 
F. solani, and F. moliniforme complexes are most commonly encountered in clinical 
settings (Peterson et al. 2014). As for other invasive mold diseases, a definitive 
diagnosis of CNS fusariosis requires direct microscopy and culture of CSF and brain 
biopsies to identify the etiologic agent. In some cases, positive blood cultures can aid 
in the diagnosis, as disseminated fusariosis is often associated with fungemia (Nucci 
et al. 2015). Fusarium spp. can often be isolated from blood cultures in up to 40% of 
invasive fusariosis cases, with faster detection of growth in fungal blood culture 
bottles compared with standard aerobic bottles. 

14.6.4 Scedosporium species 

Lomentospora prolificans (formerly, Scedosporium prolificans) is an emerging 
fungal pathogen that is commonly found in soil, polluted water, and plant sources 
worldwide. Individuals at a higher risk include those who are immunocompromised 
or have hematological malignancies (Cortez et al. 2008; Guarro et al. 2006). There is 
a particular risk of CNS infections with Scedosporium 
apiospermum (Pseudallescheria boydii) in individuals who have experienced near-
drowning incidents in water contaminated with fungal propagules (Guarro et al. 
2006). The Scedosporium genus consists of three medically significant species: 
Scedosporium apiospermum, Scedosporium boydii (formerly known as 
Pseudoallescheria boydii), and Scedosporium aurantiacum (Lackner et al. 2014). 

Scedosporium species are among the pathogenic fungi capable of causing 
infections in both immunocompetent and immunocompromised individuals, acting 
as primary or opportunistic pathogens (Lackner et al. 2014; Richardson and Lass-
Flörl 2008). Immunocompromised patients have been reported to develop CNS 
infection by L. prolificans, which commonly results in rapid hematogenous dissemi-
nation with high mortality rate. 

Colonization by Scedosporium species can progress to invasive and disseminated 
infections involving the CNS, especially following organ transplantation, resulting 
in poor outcomes (Husain et al. 2005). The outcome of CNS infections caused by 
Scedosporium species is significantly influenced by the host immune status. In



immunocompromised individuals, the immunologic response is often inadequate, 
allowing rapid fungal multiplication and dissemination to the CNS. 
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The infection is acquired by inhalation of airborne conidia. In healthy individuals, 
the inhaled conidia are effectively cleared by mucociliary action of the airways and 
phagocytic action of alveolar macrophages. However, individuals with one or more 
defects in the terminal airways and innate immunity, fail to expel the inhaled conidia, 
leading to colonization and infection. The conidia germinate into hyphal 
morphotypes, the tissue-invading form of the fungus, which penetrate through the 
endothelial layer into the vascular lumen, leading to angioinvasion and subsequent 
hematogenous dissemination to the CNS (Ortoneda et al. 2002; Riddell 4th et al. 
2004). 

Other potential mediators of pathogenesis are: 

1. Extracellular protease peptidases produced by Scedosporium apiospermum and 
Pseudoallescheria boydii have been identified as metallo-proteases that depend 
on zinc and exhibit their highest activity in an acidic pH of 5.5. This specific pH  
environment may function as a mechanism to evade host effector cells, such as 
fibronectin-activated monocytes and macrophages. For instance, S. apiospermum 
secretes a 33-kDa extracellular serine protease (Larcher et al. 1996), while 
P. boydii releases two extracellular peptidases, one of 28 kDa and another of 
35 kDa (Silva et al. 2006). These peptidases are capable of degrading human 
fibrinogen, contributing to tissue damage and inflammation. Moreover, the deg-
radation of matrix proteins by these peptidases may facilitate the invasion of 
fungal cells into adjacent tissues and dissemination throughout the body. 

2. Melanin is thought to play an important role in the virulence of fungi and the 
ability to defend against host immune response. It allows fungi to tolerate 
environmental stress and evade host defenses (Rosas et al. 2002). One of the 
functions of melanin is to scavenge nitrogen and oxygen free radicals, which are 
generated by phagocytic cells in the course of the oxidative burst. Additionally, it 
imparts heat resistance by securing host defence proteins, cross-linking, and 
protecting the components of the cell wall from hydrolytic enzymes (Dixon 
et al. 1987; Sutton et al. 1998). These mechanisms help fungi, such as 
Scedosporium prolificans, to evade host immune responses and contribute to 
the high level of fungemia observed in patients with these infections. Moreover, 
the ability of the fungus to undergo in vivo adventitious sporulation may further 
enhance its survival and dissemination within the host. 

3. Siderophore activity: S. apiospermum and L. prolificans have been found to 
exhibit siderophore activity, indicating their dependence on iron. This iron 
dependency may contribute to their neurotropism, as the central nervous system 
(CNS) contains more free iron compared to the bloodstream (de Hoog et al. 
1994). Multiple pathways allow S. apiospermum to enter the central nervous 
system (CNS), which include: 
(a) direct inoculation resulting from trauma (Pérez et al. 1988), 
(b) hematogenous spread from a primary pulmonary source (such as, inhalation 

of spores following near-drowning) (Fisher et al. 1982),
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(c) introduction of intravenous catheter (Yoo et al. 1985), and, 
(d) direct spread from infected paranasal sinuses (Bryan et al. 1980). 

14.6.5 Cladophialophora bantiana 

The pathogenesis of CNS infections caused by the neurotropic dematiaceous fun-
gus Cladophialophora bantiana is not fully understood. However, several factors 
have been identified that contribute to the pathogenesis of these infections. 
C. bantiana is the most common etiological agent of cere-
bral phaeohyphomycosis, accounting for nearly 48% of the cases (Góralska et al. 
2018). About half of the patients with cerebral phaeohyphomycosis have no under-
lying risk factors. The infection is more common in men (male : female ratio for 
C. bantiana infection is 3:1 worldwide, whereas India presents a much higher ratio 
of 14:1). 

The virulence of C. bantiana involves the ability of the fungus to produce 
melanin, which can contribute to tissue damage and evasion of host defenses. 
Melanin is a pigment that protects the fungal cells from phagocytosis, oxidative 
stress, ultraviolet radiation, and antifungal agents. Additionally, C. bantiana secretes 
extracellular enzymes, such as carbohydrate-active enzymes, proteases and 
phospholipases, which contribute to tissue damage and facilitate CNS invasion. 
The host immune status is also critical in determining the outcome of the infection, 
as immunocompromised patients are more likely to have invasive disease and poor 
prognosis. 

14.6.6 Verruconis gallopava 

Verruconis gallopava (formerly, Ochroconis gallopava) are another group of neu-
rotropic dematiaceous fungi widely found in the environment and are capable of 
causing various infections in humans, including pulmonary and CNS diseases. It 
primarily infects the respiratory system and specifically targets the CNS in solid 
organ transplant recipients and those with underlying immunodeficiency, such as 
chronic granulomatous disease (Shoham et al. 2008; Meriden et al. 2012). 

14.7 Clinical Presentation 

The manifestations of CNS mold infections vary depending on the particular mold 
species, the location and extent of the lesion and the presence of underlying 
conditions. However, some common clinical features include: 

1. Headache: One of the most commonly observed signs of CNS mold infections, 
which may be accompanied by fever and other symptoms of a systemic illness.
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2. Seizures: Seizures are a common presentation of CNS mold infections and can 
occur even in the absence of other neurological symptoms. 

3. Focal neurologic deficits: Patients may experience focal neurologic deficits, in the 
form of weakness or paresthesia, visual disturbances, unsteady gait or dysphasia, 
depending on the location and severity of the infection. 

4. Altered mental status: Patients with CNS mold infections may experience confu-
sion, disorientation and altered mental status. 

5. Meningismus: It refers to the triad of fever, headache, and nuchal rigidity, which 
can be present in some cases of CNS mold infections. 

6. Cranial nerve involvement: Certain types of CNS mold infections, such as 
aspergillosis, may involve the cranial nerves, leading to symptoms such as diplo-
pia or facial palsy. 

Children with CNS invasive mold infection often present with non-specific 
symptoms like fever and failure to respond to antibiotic treatment. They may present 
with cerebritis or brain abscess (Luckowitsch et al. 2021). 

The clinical symptoms of CNS mold infections are non-specific and may overlap 
with other neurological disorders. Therefore, maintaining a high level of suspicion 
and performing appropriate diagnostic investigations are vital for achieving an 
accurate diagnosis. The clinical presentation of some important mold infections of 
the CNS are as follows: 

14.7.1 CNS Aspergillosis 

Fungal infections of the CNS are often missed as they lack classic remarkable 
clinical features, and are often erroneously diagnosed as brain tumors, pyogenic 
abscesses, or tuberculous meningitis. The clinical presentation of cerebral aspergil-
losis includes recurring headaches, altered mental status, localized neurologic 
impairments, and loss of consciousness. Immunosuppressed patients are more likely 
to get CNS infections due to granulocytopenia and defective cellular and 
humoral immune responses. The most common Aspergillus species infecting 
humans is Aspergillus fumigatus. The lungs and maxillary sinuses are the most 
common sites for primary Aspergillus infection. The infection may reach the brain 
by contiguous spread from the adjecent paranasal sinuses or through the hematoge-
nous route from a primary focus in the lungs. A characteristic feature of 
neuroaspergillosis is the presence of one or more abscesses, with evidence 
of angioinvasion and thrombosis on histopathologic examination of brain biopsies. 
Neuro aspergillosis should be considered in the differential diagnosis for immuno-
compromised patients who develop new onset focal neurologic deficits and 
focal seizures, especially those presenting with intracranial space-occupying lesions 
and characteristic pulmonary infiltrates (McCarthy et al. 2014).
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14.7.2 Rhino-Orbito-Cerebral Mucormycosis 

The clinical manifestations of mucormycosis are categorized on the basis of site of 
involvement. The most common clinical presentation is rhino-orbito-cerebral 
mucormycosis (ROCM) that characteristically involves the nose, paranasal sinuses, 
orbit, and brain. The characteristic “Red flag” signs of ROCM include:

• Altered sensorium.
• Epistaxis.
• Eyelid/periocular/facial—edema and/or discoloration.
• Facial pain and/or palsy.
• Facial paresthesia.
• Fever.
• Focal seizures.
• Foul smell.
• Nasal discharge—mucoid/purulent/bloody.
• Nasal mucosal erythema/ inflammation/purple or blue discoloration/ulceration/ 

ischemia/eschar.
• Nasal stuffiness.
• Ptosis, proptosis.
• Regional pain—orbit, paranasal sinus, or dental pain.
• Restriction of ocular motility, diplopia.
• Sudden loss of vision.
• Worsening headache. 

Based on the anatomical progression of the disease, ROCM is categorized into 
four stages: 

Stage I: Involvement of nasal mucosa 
Stage II: Involvement of paranasal sinuses 
Stage III: Involvement of the orbit 
Stage IV: Involvement of central nervous system 

14.7.3 CNS Fusariosis 

The clinical presentation of fusariosis varies depending on the site of infection, and 
the extent and duration of immune suppression. In comparison to aspergillosis, 
fusariosis is characterized by a notably high rate of positive blood cultures, primarily 
observed in cases of disseminated disease. The most prevalent and fatal clinical form 
of fusariosis in immunocompromised patients is disseminated disease, accounting 
for over 70% of cases in individuals with protracted neutropenia, acute leukemia, 
and hematopoietic stem cell transplant recipients (Nucci and Anaissie 2007; Vadhan 
et al. 2022). 

Other mold infections of the central nervous system are mentioned in Table 14.2.
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Table 14.2 Other mold infections of the central nervous system (McCarthy et al. 2014) 

Clinical 
presentation 

Scedosporium 
apiospermum 

Drowning, trauma, 
neutropenia, stem 
cell transplant 

Focal 
neurologic deficits, 
seizures 

Cerebral infarction and 
abscess 

Cladophialophora 
bantiana 

Immunocompetent 
host, trauma 

Fever, 
headache, focal 
neurologic deficits, 
seizures 

A brain tumor-like growth 
in isolation and an abscess 
with a satellite lesion 

Verruconis 
gallopava 

Neutropenia, 
hematopoietic 
stem cell and solid 
organ transplant 

Focal 
neurologic deficits 

Cerebral infarct, 
parenchymal hemorrhage, 
brain abscess 

Exserohilum 
rostratum 

Injection 
of contaminated 
methylprednisolone 

Focal 
neurologic deficits, 
meningitis, 
arachnoiditis 

Brain abscess, epidural 
abscess, mycotic 
aneurysm, arachnoiditis, 
and cerebral infarction 

14.8 Diagnosis 

Diagnosis of CNS mold infections can be challenging due to the non-specific and 
diverse clinical presentation and limitation of diagnostic tests. Definitive diagno-
sis requires a combination of clinical, radiological, microbiological, and histopath-
ological findings. 

The clinical samples obtained from patients need to be processed promptly, and if 
immediate processing is not possible, they should be stored at 4–5 °C. It is important 
to keep biopsy specimens moist and avoid placing them in formalin. Fungal growth 
obtained in culture should be identified to the species level, as significant variations 
in antifungal susceptibility exist between different species of fungi. Antifungal sus-
ceptibility testing is recommended. Culture is gold-standard but lacks sensitivity and 
a negative culture report does not exclude fungal infection. 

Histopathological analysis of the affected brain tissue demonstrates the presence 
of hyphal angioinvasion, characterized by the penetration of fungal hyphae into 
small and large blood vessels, leading to thrombosis. This invasive process is 
accompanied by hemorrhagic infarction, coagulative necrosis, vasculitis, and the 
formation of granulomas. Moreover, the susceptibility to angioinvasion increases the 
likelihood of developing mycotic aneurysms (McCarthy et al. 2014). 

In pediatric cases of invasive mold infections, the MRI findings exhibit 
non-specific characteristics, usually appearing hyperintense with varying enhance-
ment on T2-weighted and FLAIR imaging (Fig. 14.2). It might be challenging to 
differentiate perilesional edema cerebritis set on by an abscess from hemorrhage in 
both adults and children (Fig. 14.3). It is extremely unusual for children to develop 
isolated cerebritis without CNS hemorrhage or an abscess that shows little to no



enhancement. Differentiating fungal abscesses from pyogenic and tubercular 
abscesses based on MRI features is difficult as they exhibit hypointense ring 
enhancement and restricted diffusion in T2-weighted images. 
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Fig. 14.2 Diffusion-
weighted image (DWI) 
showing restricted diffusion in 
the region of frontal cerebritis 
(Luckowitsch et al. 2021) 

Fig. 14.3 Axial T2-weighted 
MRI showing a mass with low 
signal intensity in the left 
central region, surrounded by 
hyperintense perilesional 
edema and a well-defined 
ring-like hypointense area 
(arrow) (Luckowitsch et al. 
2021) 

Fig. 14.4 T1-weighted 
image showing a robust ring 
enhancement (arrow) 
(Luckowitsch et al. 2021) 

Fungal abscesses, unlike bacterial abscesses, tend to be multiple, affecting deep 
gray matter nuclei and are situated close to the grey-white matter junction, resulting 
from the hematogenous spread of the fungal pathogen (Figs. 14.4 and 14.5) 
(Luckowitsch et al. 2021). The diagnostic approaches are summarized in Table 14.3.
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Fig. 14.5 Enhanced T1-
weighted image showing 
multiple ring-enhancing 
fungal abscesses on the right 
(indicated by star), while no 
enhancement is observed on 
the left side (Luckowitsch 
et al. 2021) 

14.8.1 CNS Aspergillosis 

Diagnosis of CNS aspergillosis is challenging and is often a complex task. Asper-
gillosis is diagnosed on direct examination by Calcofluor-potassium hydroxide stain 
demonstrating thin, hyaline, septate hyphae, along with fungal growth in culture. 
The diagnostic modalities include: 

Culture: The gold standard for diagnosis of CNS aspergillosis is growth of Asper-
gillus species in CSF culture. However, it has low sensitivity and takes a long time to 
provide results. 

Histopathology: Histopathology of brain tissue can be diagnostic, but it requires 
invasive procedures, which can be risky in some patients. 

Imaging studies: Magnetic resonance imaging (MRI) and computed tomography 
(CT) scan of brain, with or without intravenous contrast, can be used for detecting 
the size, location and extent of CNS lesion(s) (Fig. 14.6), but they are non-spe-
cific and should always be correlated with direct microscopy, histopathology and 
culture results. 

PCR assay: The utilization of Aspergillus PCR testing on blood samples has the 
potential to assist in diagnosing or ruling out invasive aspergillosis (IA). For 
neutropenic patients who are at a high risk of developing IA and are not getting 
mold-active prophylaxis, this test is particularly valuable as a screening tool, given 
its high negative predictive value. (Egger et al. 2020). 

Detection of biomarkers: Detection of Aspergillus-specific biomarkers, such as 
galactomannan antigen and (1,3)-β-D-Glucan in CSF or serum can provide early and 
specific diagnosis of CNS aspergillosis. 

14.8.2 Rhino-Orbito-Cerebral Mucormycosis 

Direct Microscopy: Direct microscopy is of utmost importance for an evidence-
based diagnosis and also, for deciding the significance of a positive culture. The 
sensitivity of direct microscopy can be enhanced by employing optical brighteners 
like Calcofluor white. The presence of hyaline, broad (6–16 μm), non-septate
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(or pauci-septate) haphae, having branching at right angles is suggestive of 
Mucorales infection.
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Fig. 14.6 MRI brain showing hyperintense T2 and FLAIR signal in the cerebral white matter and 
deep gray nuclei, with discrete ring enhancing lesions and perilesional edema in the left occipital 
lobe and right cerebellum (arrows). FLAIR, Fluid attenuated inversion recovery (Miceli 2019) 

Culture: Culture of Mucorales from biopsies is the gold standard for diagno-
sis and, in addition, enables fungal speciation and antifungal susceptibility test-
ing. However, culture lacks sensitivity and is positive only in 50% of the 
microscopy positive cases. 

Histopathology: When mucormycosis is suspected, it is important to avoid 
homogenization of tissue specimens as nonseptate Mucorales hyphae have a high 
risk of being damaged by shear stress. When compared to other fungi, Mucorales 
may require longer staining durations to be detected in histopathological investiga-
tion. Grocott Gomori methenamine silver (GMS) and periodic acid Schiff (PAS) 
stains are quite effective in delineating fungal hyphae and can aid in the detection of 
Mucorales. Using immunohistochemical staining on tissue samples has 
demonstrated high levels of accuracy in detecting Mucorales species, which 
improves the ability to distinguish between mucormycosis and aspergillosis based 
on morphology. 

Due to the potential for neurological complications associated with brain biopsy, 
CNS mucormycosis diagnosis is frequently made by determining the primary focus 
in the lungs or sinuses. Patients who have symptoms suggestive of rhino-orbito-
cerebral mucormycosis should be assessed by an experienced ENT surgeon. 
Fiberoptic endoscopy of the nasal cavity and paranasal sinuses can help in detection 
of necrotic or ischemic lesions that may require biopsy for further evaluation. 

Imaging studies: Imaging modalities, such as MRI and CT can be employed to 
identify brain lesions (Fig. 14.7), which may exhibit nonspecific nodular mucosal 
thickening attributing to small blood vessel occlusion, leading to mucosal ischemia. 

Cavernous sinus thrombosis, internal carotid artery blockage, and brain infarction 
are the most frequent imaging findings in intracranial mucormycosis. Brain imaging 
on T2-weighted sequences typically reveals involvement of the lower regions of the



frontal lobes, with the lesions appearing either hyperintense or hypointense. 
Diffusion-weighted imaging (DWI) demonstrates notable restriction of diffusion. 
The potential utility of magnetic resonance spectroscopy in differentiating bacterial 
causes of cerebritis from CNS mucormycosis has been proposed. However, more 
research is necessary to confirm or validate this finding. Cavernous sinus syndrome 
can also be caused by metastatic cancer or Tolosa-Hunt syndrome, and therefore, 
these conditions should be considered as potential differential diagnosis. 
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Fig. 14.7 T1-weighted MRI (a) and CT scan (b) of brain showing mucormycosis with cerebral 
extension, involving the right frontal lobe (Chikley et al. 2019) 

PCR assay: Early and specific diagnosis of CNS mucormycosis can be achieved 
by detecting fungal DNA in CSF through PCR. PCR-based tests utilizing universal 
fungal primers or primers specific to  Mucorales, such as CotH, offer promising 
results in accurately detecting the infection. Unfortunately, there are presently no 
biomarkers for screening or diagnosing mucormycosis available for clinical use 
(Dadwal and Kontoyiannis 2018). 

14.8.3 CNS Fusariosis 

CNS fusariosis can be diagnosed using different methods, including culture, histo-
pathology, imaging studies, and PCR-based detection of fungal DNA. When a 
hyaline mold is identified from the blood culture of a patient with prolonged 
neutropenia, it strongly indicates the possibility of Fusarium infection. 

Culture: The gold standard for diagnosis is CSF culture, but it has low sensitiv-
ity. Fusarium species tend to grow rapidlyin a broad range of media and typically do 
not require the presence of cycloheximide. The fungus can be recognized by its



ability to generate multicellular macroconidia that are hyaline and banana-shaped 
and contain a foot cell at their base. Severely immunocompromised patients with 
disseminated fusariosis may exhibit skin lesions, such as cellulitis or metastatic 
lesions, along with positive blood cultures for the mold. Unlike aspergillosis, 
fusariosis frequently results in positive blood cultures. This happens because Fusar-
ium species create yeast-like structures which help them spread and thrive in the 
blood, a process known as adventitious sporulation (Liu et al. 1998). 
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Fig. 14.8 MRI brain 
showing enhancing 
intraparenchymal lesion in the 
right frontoparietal region 
with mild diffusion restriction 
and surrounding hyperintense 
FLAIR, suggesting vasogenic 
edema (Vadhan et al. 2022) 

Histopathology: Histopathology of brain tissue may help in establishing a 
confirmatory diagnosis of fusariosis. In the absence of fungal growth, it may be 
difficult to differentiate fusariosis from other types of hyalohyphomycosis. In such 
cases, the diagnosis of fusariosis can be achieved by in situ hybridization in paraffin-
embedded tissue specimens. In tissue, the hyphae of Fusarium species resem-
ble those of Aspergillus, with hyaline septate filaments having dichotomous acute 
or right angle branching. However, the presence of adventitious sporulation within 
tissue and the simultaneous presence of both hyphae and yeast-like structures are 
highly suggestive of fusariosis in high-risk individuals. 

Imaging studies: CT scan and MRI are employed to identify brain lesions, 
although their findings are not specific to a particular condition. The cerebral cortex 
is the most commonly affected region within the brain (Fig. 14.8), but intracranial 
fusariosis can involve any part of the brain, without predilection to any particular 
region. 

Detection of fungal DNA: PCR-based detection of fungal DNA in CSF and brain 
tissues enables early and precise diagnosis of Fusarium infection. 

Detection of biomarkers: Among at-risk individuals with mold infections, 
positive (1,3)-β-D-Glucan and negative galactomannan in CSF is strongly sugges-
tive of CNS fusariosis. However, the (1,3)-β-D-Glucan test cannot distinguish 
between Fusarium and other fungal infections. Hence, biomarker tests should be 
correlated with clinical, radiological and culture results.
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14.8.4 Other Mold Infections

• Scedosporiosis: The diagnosis of CNS scedosporiosis is routinely done through a 
combination of imaging studies, CSF analysis, and fungal cultures. Intracranial 
lesions revealed through imaging studies like CT or MRI can suggest invasive 
scedosporiosis, while CSF analysis can show elevated protein levels, low glucose 
levels, and fungal elements. The presence of Scedosporium species can be 
confirmed by fungal culture of CSF or tissue samples. Unlike S. apiospermum, 
Lomentospora prolificans (formerly, S. prolificans) may be recovered from blood 
cultures. Molecular methods like PCR or sequencing can provide rapid and 
accurate identification. Diagnosis can also be achieved by directly observing 
the fungal elements in histological samples or isolating it in cultures. Though 
real-time PCR-based assays can detect Scedosporiosis from clinical samples 
quickly and accurately, culture remains the most useful tool for diagnosis.

• Cladophialophora infection: Diagnosing CNS infections caused by 
Cladophialophora bantiana can be difficult since these infections are uncommon 
and may show nonspecific symptoms. Imaging techniques such as MRI or CT 
may show intracranial space-occupying lesions, mimicking tuberculosis or malig-
nancy. Fungal culture of CSF or brain biopsies can confirm the presence of 
C. bantiana. However, culture can be time-consuming and pose safety risks for 
laboratory workers. Molecular techniques, such as PCR or sequencing can 
provide rapid and accurate identification of C. bantiana. While culture is still 
considered as the gold standard for diagnosing CNS fungal infections, in recent 
years, advanced techniques, such as real-time PCR, amplified fragment length 
polymorphism analysis, matrix-assisted laser desorption/ionization-time of flight, 
and rolling circle amplification have emerged as alternative methods. 

14.9 Management 

There are four critical components in the management of CNS mold infections: 
prompt diagnosis, treatment with antifungal medication, assessment and intervention 
by healthcare providers, and addressing underlying immunodeficiency. Failure to 
address these components adequately can result in unfavorable outcomes, particu-
larly in immunocompromised individuals who may exhibit solitary brain abscesses 
resembling CNS tumors (McCarthy et al. 2014). The approach to management may 
vary depending on the specific mold involved. 

The traditional approach for the treatment of CNS mold infections includes: 

14.9.1 Antifungal Therapy 

Antifungal therapy is the cornerstone of treatment for CNS mold infections. The 
choice of antifungal drug depends on the type of mold causing the infection, the 
patient’s medical history and overall health status. Voriconazole is the recommended



first-line treatment for CNS aspergillosis due to its extensive distribution in the 
cerebrospinal fluid (Walsh et al. 2008; Ullmann et al. 2018). Therapeutic drug 
monitoring is crucial for optimizing its efficacy and safety. Voriconazole, flucona-
zole, and flucytosine have good CNS penetration, but fluconazole and flucytosine 
have a limited spectrum of activity. Voriconazole is the preferred treatment option 
for CNS aspergillosis and may also be considered for CNS infections caused by 
other fungi that demonstrate susceptibility, including Lomentospora and 
Scedosporium species. 
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Isavuconazole is a viable option for treating invasive aspergillosis, including 
cerebral aspergillosis, as it exhibits excellent CNS penetration and distributes effec-
tively in infected brain tissue. Clinical evidence indicates that isavuconazole 
demonstrates satisfactory efficacy against invasive aspergillosis and disseminated 
mucormycosis, particularly when they affect the CNS. Itraconazole and 
posaconazole have limited CNS penetration, but can be considered for patients 
who do not tolerate or respond to voriconazole. Echinocandins are not advised for 
CNS aspergillosis due to limited distribution, although there have been cases where 
caspofungin and micafungin have been promising. 

Amphotericin B liposomal formulations are better tolerated and show promising 
results in CNS aspergillosis and mucormycosis, while conventional amphotericin B 
has limited CNS penetration and associated toxicities. 

Echinocandins have a higher molecular mass (1140 to 1292 daltons) and there-
fore, have poor penetration of blood–CSF and blood–brain barrier. In comparison, 
voriconazole is a relatively small (349-dalton), moderately lipophilic molecule with 
a CSF : plasma concentration ratio of 1:2. For CNS aspergillosis, voriconazole is 
recommended as primary therapy, with a serum trough concentration of 2–5 μg/ml, 
while liposomal amphotericin B (L-AmB) is reserved for intolerant or refractory 
cases. Studies have shown that use of voriconazole improves survival rates to about 
35%. Isavuconazole has been proved in recent trials to be non-inferior to 
voriconazole. For patients with severe disease, addition of echinocandin is 
recommended. For CNS fusariosis, pending susceptibility testing results, 
voriconazole plus a lipid formulation of amphotericin B is advised. 

14.9.2 Surgery 

Surgical intervention may be necessary to remove infected tissues and relieve 
pressure on the brain caused by swelling or abscesses. The decision to perform 
surgery is made on a case-by-case basis and depends on the severity and location of 
the infection. Whenever feasible, it is recommended to consider surgical excision of 
lesions and infected adjoining structures. Several studies have indicated that surgical 
debridement combined with early effective antifungal therapy may improve survival 
rates.
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14.9.3 Adjunctive Therapies 

Reversal of neutropenia and underlying immunodeficiency, glycemic control and 
discontinuing glucocorticoids should be employed. 

14.9.4 Supportive Care 

Patients with CNS mold infections may require supportive care to manage symptoms 
such as fever, headache, and seizures. This may include medications to control pain 
and reduce inflammation, as well as anticonvulsants to prevent seizures. 

14.9.5 Monitoring 

Patients with CNS mold infections require close monitoring to track their response to 
treatment and to watch for any complications. This may include regular imaging 
studies, such as CT or MRI scans to evaluate the progression of the infection and the 
effectiveness of treatment. 

It is important to note that the management of CNS mold infections is complex 
and requires a multidisciplinary approach involving infectious disease specialists, 
neurologists, neurosurgeons, and critical care physicians. The treatment plan should 
be tailored based-on the patient’s needs and should be regularly re-evaluated to 
assess the response to therapy. Fungal neuroinfections exhibit a dismal prognosis 
and higher mortality rate compared to viral, bacterial and parasitic infections. An 
early diagnosis and aggressive treatment are essential for improving the outcomes. 
The recommended treatment guidelines for CNS mold infections are stated in 
Table 14.4 (Góralska et al. 2018; McCarthy et al. 2014; Miceli 2019). 

14.10 Conclusion 

CNS mold infections present significant challenges in diagnosis and treatment, with 
high morbidity and mortality rates. CNS mold infections exhibit variable 
presentations, which make them difficult to differentiate for other common space 
occupying lesions, such as malignancy or tuberculoma, causing delay in appropriate 
treatment. Fungal culture is specific but not sensitive, and a negative result does not 
exclude fungal infection. Fungal biomarkers have the potential to be an effective 
diagnostic tool; however, standardization is necessary. The prognosis is favorable in 
patients when surgical debridement is combined with at least one antifungal medi-
cation. For neuroaspergillosis, voriconazole is the preferred medication. It is also the 
preferred drug for infections caused by dematiaceous molds, as it offers broad-
spectrum activity and has excellent CNS penetration. Moreover, as immunodefi-
ciency is the predominant risk factor, the management of these conditions should 
have a strong emphasis on reversal of immune suppression. An increased awareness



with a high index of suspicion may help in establishing a timely diagnosis and 
initiating appropriate treatment, which can improve the survival in such cases. 
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