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While fungal infections of the central nervous system (CNS)
are relatively rare, fungal pathogens are increasingly being
recognized as an important etiology of CNS infections,
particularly amongst the growing immunocompromized
population. In this paper we aim to provide a practical
approach to the diagnosis of fungal infections of the CNS,
review some of the diagnostic methods currently available and
discuss diagnosis of certain pathogens of particular interest
to the practicing neurologist.
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While the majority of infections in the central nervous
system (CNS) are caused by bacteria and viruses,
fungi are increasingly being recognized as important
pathogens, particularly in immunocompromized
patients. New fungal pathogens are being discovered
and new syndromes are being described for both known
and emerging fungal pathogens. The elucidation of the
spectrum of disease associated with fungal infections of
the CNS is necessarily dependent upon the advancement
of diagnostic methods in order to establish etiology.
This paper is intended to review the current literature
regarding the laboratory investigation of fungal
infections of the CNS.

Fungal infections of the CNS may be categorized in
a variety of ways. In this paper, we will first consider
the diagnostic approach to discrete presenting clinical
syndromes. Then, consideration will be given to
specific diagnostic methods. Finally, the paper will
turn to a more detailed discussion of laboratory
investigation of several key pathogens of interest in
clinical practice.

Clinical Syndromes

As with other infectious illnesses of the CNS, fungal
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infections of the CNS may present clinically in many
ways. Some of these are considered below.

Meningitis/encephalitis

This heading subsumes presentations ranging from
subacute and chronic meningitis syndromes, to
meningoencephalitis syndromes. Meningitis may result
in subacute hydrocephalus and lead to presentation
with a “normal-pressure” hydrocephalus or obstructive
hydrocephalus (due to arachnoid villus scarring).
These are most often caused by chronic infections with
yeasts or the dimorphic fungi. The diagnostic approach
typically involves brain magnetic resonance imaging
(MRI) or computed tomography (CT) and cerebrospinal
fluid (CSF) sampling as initial investigations.

Meningovascular syndromes

Subacute meningitis due to several of the true
molds (particularly Aspergillus species) may lead to
an angioinvasive disease involving the arterial trunks
near the CSF cisterns at the base of the brain. The
resultant arteritis may lead to infarction of the brain
tissue, particularly in a vascular territory. Likewise,
invasive fungal infections of the base of the skull (as
seen with the Mucorales in the orbits or sinuses) may
involve adjoining distal parts of the carotid arteries
and their branches. In general, these two infectious
syndromes present as complicated strokes, accompanied
by symptoms and signs of meningitis.!**! Examination of
the CSF (in the case of the former) or of infected tissue
(in the case of the latter) is the key to diagnosis of these
disorders.

Focal infection/mass lesions

Patients with these infections usually present with
focal neurological symptoms or seizures, often in
conjunction with headache. Patients will often exhibit
focal deficits on clinical examination, prompting
imaging of the brain by CT or MRI. Such imaging
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usually reveals a discrete mass lesion, with or without
accompanying contrast enhancement and occasionally
with displacement of adjacent structures indicative of
mass effect. Occasionally, such a lesion will be found
upon routine imaging in patients with only minimal
or nonspecific symptoms. Such lesions tend to be
smaller and are more often located in non-eloquent
neuroanatomical sites. The diagnostic approach has
typically already included imaging. In such settings,
CSF examination by lumbar puncture (LP) is of limited
value and may risk brain herniation and thus may be
contraindicated. This is especially true if the lesions are
in the posterior fossa causing effacement or displacement
of the fourth ventricle or incipient displacement of the
cerebellar tonsil into the foramen magnum or less
commonly, upward herniation of the cerebellar vermis
through the tentorial notch. Neuroradiographic evidence
of impending uncal herniation, displacement of the
upper brainstem or lateral displacement of the midline
structures (even in the supratentorial compartment) poses
a significant risk of provoking neurological deterioration
after LP. Therefore, the diagnostic approach in such a
presentation may necessitate invasive techniques such
as stereotactic biopsy or guided aspiration.

Spinal cord syndromes

These clinical syndromes vary in presentation based
on the precise level(s) at which the cord is affected and
the extent of the involvement of the cord. Infectious
processes giving rise to spinal cord syndromes range
from epidural abscess to focal spinal meningitis to
frank fungal myelitis. As with the prior two broad
classes of clinical syndromes, the diagnostic approach
to focal lesions most often involves guided sampling of
tissue/abscess material, whereas the diagnostic approach
to a more diffuse meningitis or myelitis involves
CSF sampling (ideally focal) and occasionally, tissue
sampling (such as meningeal biopsy or cord biopsy).

Foreign body-associated fungal infections

These are syndromes most commonly encountered in
the setting of a ventricular shunt (peritoneal or pleural)
or a ventricular or lumbar drain, though in theory any
foreign body that is contiguous with the meninges, the
brain tissue or in communication with the CSF can
lead to a fungal infection. Infections associated with
CSF shunts/drains can be difficult to diagnose, due
not only to their broad spectrum of presentation, but
also due to the localized nature of the infection. For
example, it is not uncommon for an infection along one
portion of a shunt to give rise primarily to a localized
infectious response, which may not be manifest in CSF
sampled from a distant site. In addition, infections along
some aspects of indwelling devices may be relatively
sequestered from host immune responses, meaning
that they will generate minimal, if any, signs, symptoms

or classical laboratory findings associated with other
inflammatory responses to CNS infections.

Skull-base infections

These syndromes include infections such as
rhinocerebral mucormycosis, fungal osteomyelitis and
fungal sinusitis. These infections can often extend to
the CNS, occasionally with devastating consequences.
The diagnostic approach to these infections is primarily
that taken for each of the individual entities as they
present without CNS involvement. These have been
reviewed elsewhere in great detail and are not presented
here.®**!

Peripheral nervous system syndromes

While the purpose of this paper is to review the
diagnostic methods appropriate for CNS fungal
infections, it is important to remember, from a clinical
presentation standpoint, that fungal infections of
the CNS may manifest themselves with concomitant
or even primary peripheral nerve findings such as
radiculopathy, plexopathy and neuropathy. While many
such presentations have been reported in the literature,
more common presentations include multiple cranial
palsies and lumbosacral nerve root involvement with
cauda equina syndrome.

Diagnostic Investigations

When a clinician suspects or wishes to investigate
the possibility of fungal infection, there are a number
of clinical and laboratory practice points that merit
mention.

Clinical considerations

While the mainstay of diagnosis of fungal CNS
infections rests with the laboratory, there are many
important clinical clues to the presence of a fungal
infection. These may come from the history of the
clinical syndrome itself, including host factors [Table
1] or from clinical examination findings. Overall it
should be noted that the incidence of fungal infections
of the CNS, as opposed to the other etiologies of
CNS infections, is rather low. Therefore, tests for

Table 1: Host factors that predispose to fungal infection

Human immunodeficiency virus/acquired immunodeficiency
syndrome

(Cortico) steroid use

Neutropenia, especially prolonged

White blood cell defects

Acidosis

Diabetes mellitus

Intravenous drug use

Violation of the blood brain barrier (trauma, surgery, etc.)
Lymphoreticular malignancy

Iron chelation therapy
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fungal infections should be ordered less as a routine
surveillance measure than as a specific test to explore
a clinical concern or relevant differential diagnosis.
This is particularly important when considering that
CSF is a relatively precious commodity and the amount
needed for any diagnostic test may necessarily exclude
the performance of another test. As with CSF testing for
many other infectious pathogens, the larger the volume
of CSF allotted to fungal testing (particularly culture and
staining), the greater the diagnostic yield. Conversely,
small sample volumes (sometimes <1cc) encountered
with an “add-on” fungal test may not be of sufficient size
to permit diagnosis, even in the case of an otherwise
significant organism burden. In addition, many fungal
examinations require a significant investment of time. It
is crucial to coordinate sample collection and processing
with appropriate laboratory personnel to ensure
proper triage and handling of specimens of interest.
Such logistics should be planned well in advance of
the time of specimen collection, in order to maximize
diagnostic yield and minimize what might otherwise be
an injudicious collection and use of samples.””!

CSF examination

Cell counts/differential

The classical finding for fungal meningitis is that
of a lymphocytic or monocytic pleocytosis. Notable
exceptions include the true molds (such as Aspergillus
spp.) and Blastomyces, which typically cause a
neutrophilic pleocytosis. The presence of eosinophils,
particularly an eosinophilic predominance, should
raise suspicion of Coccidioides immitis as pathogen,
though CSF eosinophilia has rarely been reported
with other fungal pathogens such as Cryptococcus
neoformans.**1 Cell counts of CSF in the settings of
fungal infection of foreign bodies and fungal space-
occupying lesions depend on the extent to which
such lesions abut the meninges (and therefore affect
the CSF). Those that are close to the meninges may
engender the typical parameningeal formula, whereas
intra-parenchymal lesions may be associated with no
CSF abnormalities.

Chemistries (TP/Glucose)

The typical finding for fungal meningitis is
hypoglycorrachia: lowered CSF glucose level, typically
defined as a glucose level less than one half of that
seen in a simultaneous plasma sample, when taken at
steady state. Such hypoglycorrhachia is usually seen in
combination with an elevated CSF total protein level.
Protein levels in excess of 1g/dL (Froin’s syndrome) tend
to occur in AIDS-associated Cryptococcus neoformans
meningitis and usually imply a subarachnoid block to
the circulation of CSF. While elevated CSF protein and
low CSF glucose are common with fungal meningitis,
it should be noted that these findings are by no means
specific for fungal causes of meningitis. The list of

causes of low CSF glucose in fact includes many
noninfectious etiologies as well. In addition, as with cell
counts as noted above, such findings may be absent in
the setting of fungal abscess or foreign body-associated
fungal infection.

Gram’s stain/fungal stain

The Gram’s stain is notoriously insensitive in most
cases of fungal meningitis, save for Cryptococcus
neoformans meningitis in AIDS patients. In the latter
setting, a relatively high organism burden leads to a
much higher concentration of yeast in the CSF, making
detection on Gram’s stain alone feasible. Likewise, the
high organism burden encountered in the setting of
AlDS-associated Cryptococcal meningitis has made
possible the use of the India ink preparation (a black
carbon pigment solution). The polysaccharide capsule
of the Cryptococcal organisms gives rise to the classic
“halo sign” when viewed against a background of India
ink [Figure 1]. Larger volumes of CSF and the use of
concentrating procedures (involving centrifugation of
CSF samples), have increased the sensitivity of staining
methods for detection of pathogens, including fungal
organisms. Many modern laboratories rely instead
on fluorescent assays (such as Calcofluor white) for
the detection of fungal organisms specifically. These
assays require access to a fluorescence microscope.
While these methods do not increase concentration of
fungal organisms, they do increase the signal-to-noise
ratio over most other stains, leading to an increase in
the detection of present fungal pathogens. Staining
methods for CSF are less helpful in the setting of fungal
foreign body infection and generally unhelpful for the
identification of a fungal pathogen in the setting of a
focal CNS lesion. However, fungal stains of an abscess
aspirate or of a tissue specimen, are diagnostic. While
staining can be helpful, particularly when culture
samples are compromised (e.g., when a patient has been
on antifungal therapy prior to sample procurement),
culture is the preferred method of identification.

Figure 1: Cryptococcus neoformans on an India ink stain.
Source: CDC/Dr. Leanor Haley, public domain
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Culture

As with Gram’s stain, when compared to the use of
culture for bacterial causes of meningitis, culture data
of the CSF in fungal causes of meningitis are far less
sensitive. However, as with staining techniques, methods
of concentration have increased the culture yield.
Therefore, despite a relatively low organism burden,
with a high enough starting volume of CSFE, a reasonable
sensitivity of fungal culture can be obtained. Depending
on the clinical scenario, cumulative volumes of greater
than 50cc of CSF have been required in order to make a
diagnosis by culture. It should be noted that targeted CSF
sampling might have some value. It has been observed
that CSF sampling from a lumbar tap may have a lower
diagnostic yield than CSF obtained from a cisternal or
C1-C2 tap in the setting of fungal meningitis. While
these observations have not been subjected to validation
in a randomized, controlled trial, such measures should
be considered when repeated attempts at LP (and other
noninvasive measures) have failed to yield a diagnosis
and when fungal meningitis remains on the differential.
Again, as with staining techniques, culture of CSF in
the setting of focal lesions or foreign body-associated
infections is singularly unhelpful. The preferred method
of diagnosis in these situations is culture of abscess
aspirate, culture of tissue sample(s) or culture of (part
of the) removed foreign body. Overall, culture data are
superior to staining data as they allow not only definitive
identification of an organism (whereas staining may only
narrow the differential of possible fungal organisms), but
culture also allows for the determination of antifungal
agent susceptibility testing, thereby permitting targeted
therapeutic decisions.?

Fungal antigen detection

In situations when organism burden is expected
to be too low to reasonably yield a positive culture,
antigen detection methods may prove useful. Of note,
these methods do not distinguish between viable and
nonviable organisms and thus should not be relied
upon for test of cure. There are two primary means of
antigen detection. The first involves antigen/antibody
complex formation (with externally supplied antibody)
and subsequent antigen/antibody complex detection (by
agglutination, immunoassay, etc.). A common example
is the Cryptococcal antigen test, which routinely relies
on agglutination tested at differing titers of CSF. The
second means of pathogen antigen detection relies on
amplification and detection of nucleic acid sequences
from the pathogen of interest. The most common form
of this latter detection method is the polymerase chain
reaction (PCR) assay. With the advent of more rapid and
reliable methods for gene sequencing, more PCR assays
are becoming available for use in the detection of even
small numbers of pathogens in clinical samples. While
many PCR assays are available for use in serum samples

(see below), few have been expressly validated for use
on CSF samples. While this does not preclude their
use in CSF samples, it may limit their clinical utility,
particularly in the setting of isolated CNS disease. A list
of currently available PCR assays is given in Table 2.

Cerebrospinal fluid antibody (serologic) studies

In the absence of antigen detection or in settings where
free (i.e. CSF-compartment localized) organism burden
may be so low as to preclude detection even with PCR,
the detection of intrathecally produced antibody has
been the mainstay of diagnosis for many CNS fungal
infections. Antibody studies can be attractive for many
reasons. First, antibodies to an organism are usually
produced in numbers far in excess of the organism
itself, thereby leading to easier detection. Second,
the antibody molecules are usually much lighter
than the organism, leading to greater diffusion in the
CSF and a lack of dependence on the vicissitudes of
CSF circulation. Third, antibody levels have little
dependence on the level of viable organism in the
CSF, allowing for empiric treatment of the infection
(which can be important in particular CNS infections),
with later identification of the etiologic agent. Lastly,
antibody production often will spill over into the CSE
even when the infection is isolated to the parenchyma
or to the extradural space, making for easier diagnosis
of fungal causes of space-occupying lesions and foreign
body infections. Unfortunately, antibody studies may
not distinguish readily between active infection and
prior infection. This can present a problem when the
etiologic agent is something to which the person may
have previously been exposed. The problem may be
even more difficult when the patient is likely infected
with a fungal agent, but when it is unclear if a particular
CNS clinical presentation is due to that agent or is
unrelated to it. Several methods have been devised to
better differentiate between prior and active infection
and intra- and extra-CNS sources of infection. While
these methods have been validated in some instances
for bacterial and viral processes, for the most part these
are not used routinely in CNS fungal infections.

Blood/plasma studies
With the exception of foreign body-associated and post-

Table 2: Currently available RT-polymerase chain reaction
methods for fungi*

Genus Specimens tested
Aspergillus Blood, culture, tissue

Candida Blood, culture oral rinse, tissue
Coccidioides Culture

Conidiobolus Tissue

Cryptococcus Culture, tissue

Histoplasma Culture, tissue
Paracoccidioides Culture

Pneumocystis Oral wash, tissue, sputum
Stachybotrys Culture
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surgical infections, the CNS almost never represents the
primary site of infection, even when the CNS appears
to be the sole site affected. In some instances the CNS
infection represents disseminated infection, in which
case attempts to isolate the causative agent from the
peripheral blood may be successful whereas attempts
to isolate it from the CSF may not. In other instances,
the CNS infection may reflect the sequela of a prior
disseminated infection, in which case investigations
directed at probing the immune system’s response to
prior infection may be most fruitful.

Wright's stain

As is the case with staining methods of the CSF, it is
rare that fungal elements will be seen on peripheral
smear of blood. There are a few reports of fungemia
incidentally diagnosed on peripheral smear, but the
implications for diagnosis of fungal infections of the
CNS are unclear.

Blood cultures

Peripheral blood cultures are most likely to be useful
when the etiologic agent is a Candida spp. Conversely,
given the propensity of Candida spp. to seed distant
sites, any finding of candidemia should prompt an
evaluation for evidence of CNS infection. It has been
estimated that up to 30% of patients who are candidemic
will have evidence of infection metastatic to the retina.
This might serve as a useful estimate of rates of other
CNS metastasis. Other fungi, such as Histoplasma
capsulatum and Cryptococcus neoformans, can
occasionally be isolated from blood cultures. Collection
of blood specimens in specially formulated “fungal
isolator” media may likewise increase the yield of blood
cultures for fungal pathogens.!** While primarily at the
case report level, even filamentous molds have been
reported to be cultured from peripheral blood in the
setting of solid organ manifestations in iatrogenically
immunosuppressed patients.

Antigen detection

As mentioned above, these methods are typically
either antibody-based detection of antigen through
immune complex formation or PCR-based detection
of organism-specific nucleic acid sequences. Also as
mentioned above, most of the studies done in CSF are
actually developed for use with peripheral blood/serum.
For a list of available PCR tests, refer to Table 2.

Serologic studies

As for CSFE, peripheral blood/serum antibodies can help
in diagnosis by providing circumstantial evidence for
the presence of an etiologic agent in a given host. While
subject to the same weaknesses as testing mentioned
above for CSE antibody testing on peripheral blood is
often more sensitive as the overall antibody levels are
higher in the peripheral blood. Fungal pathogens for
which serologic studies are the diagnostic assays of
choice include Blastomyces dermatitidis, Coccidioides
immitis and Histoplasma capsulatum.

Fungal Pathogens of Interest

Dimorphic (endemic) fungi

Histoplasma capsulatum

Definitive diagnosis is by isolation of the organism,
but is accomplished in only a minority of CSF samples
from patients with Histoplasma meningitis. Culture
yield may be increased to up to 65%, particularly
with multiple samples and a larger volume of CSE.['!
Ancillary diagnostic techniques may be used to look
for evidence of disseminated Histoplasmosis, which in
turn increases the pre-test probability that a particular
CNS manifestation is due to Histoplasma infection.
Such tests would include antigen detection (ELISA),
usually in the urine, serum PCR and acute/convalescent
serologies.!"®! Such studies routinely have sensitivities
of 76-92%, depending on the presenting syndrome
and immune status of the host. Unfortunately, PCR
has not been validated for the testing of CSF. It is thus
often recommended that multiple, large-volume CSF
cultures be obtained in conjunction with serum testing
to establish the diagnosis of isolated Histoplasma
meningitis.["”! In extreme cases, when a diagnosis
must be established, cisternal/vetricular sampling and
meningeal biopsy have been reported to be useful .89
It is important to remember that specificity of many of
the diagnostic methods may be compromised by cross-
reactivity, particularly with the other dimorphic fungi
and Cryptococcus spp.[2021

Blastomyces dermatitidis

Like Histoplasma capsulatum, infection with
Blastomyces is diagnosed definitively by isolation of the
organism. However, it is less often successfully diagnosed
than either Histoplasma or Coccidioides, particularly in
the setting of isolated CNS infection.!?*?* In the setting
of concomitant pulmonary infection, culture of sputum
samples may have a diagnostic yield of up to 92%. Wet
preparations have had diagnostic yields reported in
the 36-46% range.*! In some instances, yeast forms
have been seen on cytologic examination of the CSE
Serologic methods are occasionally useful, with the most
sensitive and specific test being the immunodiffusion
test.l” However, in the setting of isolated anatomic site
disease, sensitivity may be as low as 33%. Both nucleic
acid and other antigen detection methods are available,
though these are not well-studied in CNS infection
and as with other mentioned tests, are rarely helpful
in isolated disease. Overall, examination of the CSF is
rarely helpful in the diagnosis of CNS blastomycosis.[?!
In the absence of other positive or suggestive data,
biopsy is the diagnostic study of choice.!*

Coccidioides immitis

Similar to the other two dimorphic fungi discussed
above, definitive diagnosis rests on isolation of
the organism.!””! For isolated CNS infection with
Coccidioides, diagnosis can be particularly challenging
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and will often rely on serologic tests.?*?°l The two most
commonly used serologic tests are the detection of
complement-fixing antibodies and the immunodiffusion
tests. Though both latex agglutination tests and ELISAs
are available, their utility in the diagnosis of CNS
infections has not been established and are therefore
discouraged.®! There are currently no standardized CSF
antigen detection methods.

Cryptococcus neoformans

As infection with this pathogen typically occurs in
the setting of immunosuppression, it often also occurs
with a relatively high organism burden. This makes its
detection much easier than other yeasts. Microscopic
examination of CSF using India ink is diagnostic in up
to 80% of AIDS patients.*® This diagnostic yield can
be reproduced (and improved marginally) with the use
of Calcofluor white or other direct organism detection
methods.??? Of note, Cryptococcal meningitis may
occur in non-immunosuppressed hosts, in which case
the organism burden is typically much lower and most
attempts at staining for the organism have relatively low
diagnostic yield. The yeast itself may also be cultured,
which may be helpful in establishing the particular
subspecies of Cryptococcus involved. Cultures alone
are not typically used for diagnosis. The mainstay
of the diagnostic methods for Cryptococcus is the
polysaccharide antigen serologic assay. There are both
latex agglutination and enzyme immunoassay versions
in routine use and both are more than 90% sensitive and
specific.’®3¥ The tests have been used successfully to
detect presence of Cryptococcal antigen before cultures
of CSF have turned positive. A PCR test has been
reported,’® but is not yet in mainstream use.

Aspergillus spp.

Unlike the situation with other fungal pathogens,
Aspergillus species are ubiquitous and are known
to colonize human tissues without necessarily
demonstrating invasiveness or pathogenicity. Therefore,
a positive serology or even a positive culture, does not
necessarily prove pathogenicity. The situation in the
CNS is somewhat simplified, as tissues with positive
cultures by definition demonstrate invasiveness and
pathogenicity. Blood cultures, even in the setting of
widespread disseminated disease, are rarely positive.(®
Another complication is that, as Aspergillus infections
typically occur in the setting of profound and prolonged
immunosuppression, invasive diagnostic methods are
significantly limited and are in some cases deemed of
greater risk than the initiation of empiric antifungal
therapy for a given clinical syndrome consistent with
fungal infection. Of the available serologic assays
directed against Aspergillus antigens, two are most
commonly used.®” The first is the galactomannan assay,
which is an Aspergillus-specific antigen. The second
is the (1,3)-beta-D-glucan assay, which is a relatively
nonspecific fungal assay. Both tests have been run

successfully on CSF samples,”® though there seems
to be more collective clinical experience with use of
the galactomannan assay in non-plasma samples.[3%4%
In plasma samples, the galactomannan assay has been
reported to have a >95% sensitivity and specificity.
The beta glucan assay has a reported sensitivity of 87%
and a markedly lower specificity, owing not only to its
cross-reactivity to a wide range of fungi, but to other
glucan-containing products.*" Recently, a DNA PCR
assay for Aspergillus has been reported, with sensitivities
approaching 100% in serum or BAL samples. There is
no standardized PCR for Aspergillus in CSF as of this
writing, though there are reports of its utility in CSF
samples.[4245]

Candida spp.

Candidal CNS infections typically occur in two
clinical scenarios.**#’I The first is as an encephalitis,
occasionally occurring with a meningitis, most often
encountered in the setting of disseminated candidiasis.
This situation typically involves microabscesses of
the brain parenchyma and typically other organs are
similarly affected (e.g. liver, spleen). In this situation,
staining techniques have a sensitivity of up to 40% and
the organism can be readily cultured from CSF or brain
tissues. The second clinical scenario is that of a primary
meningitis, usually complicating a foreign body (e.g.
ventricular shunt) or other CNS invasive procedure
(e.g. surgery, lumbar puncture).*®#¥! These infections
may have a widely variable course, from rapidly fatal
(without treatment) to smoldering, chronic infections.
The rapidity of progression typically reflects organism
burden, which in turn affects how easily the organism
is retrieved from clinical specimens. Of note, Candida
infection of ventricular shunt devices may present
with widely variable symptoms and, given the low
organism burden typically encountered in this setting,
may be particularly difficult to diagnose. Particularly in
symptomatic cases, the workup may require multiple
lumbar punctures and/or ventricular shunt samplings
and may even necessitate removal of hardware for
adequate diagnosis. As mentioned above, the (1,3)-beta-
D-glucan assay may be useful in diagnosis of Candidal
infections of the CNS.55%

Future Trends

It is clear from the above discussion that the diagnostic
methods for CNS fungal infections have lagged
behind those for other infective agents. The diagnostic
advancements seen for viral pathogens have yet to come
to fruition for many fungal pathogens of interest. In part
this is due to the relative rarity of fungal infections of the
CNS and in part it is due to the lack of a gold standard
against which to calibrate or verify studies of new tests.
Despite these difficulties, it is anticipated that there will
be further evolution of molecular diagnostic methods,
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particularly PCR, leading to the more rapid and more
sensitive detection of fungal pathogens in the CNS.
Currently, advancements in the field of pharmacology
are making treatment of fungal infections of the CNS
more palatable and efficacious. It is hoped that the
advent of new diagnostic methods will not only lead
to a better estimate of the incidence and prevalence of
fungal CNS disease in specific populations, but will also
permit better trials for the newer available therapeutics,
leading to overall better outcomes for our patients.
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