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Invasive fungal diseases (IFDs) of the
central nervous system (CNS) caused by
Candida spp. and molds are associated
with severe morbidity and high mortality
[1-5]. Early detection and prompt initia-
tion of antifungal therapy are essential to
a successful outcome of IFDs of the CNS.
Direct microscopic examination and de-
tection of cryptococcal capsular polysac-
charide antigen in cerebrospinal fluid
(CSF) have been paramount for the
early-detection therapeutic monitoring
of cryptococcal meningitis [6-8].

There is a paucity of biomarkers
for the detection of non-cryptococcal
IFDs of the CNS. Diagnosis of non-
cryptococcal IFDs of the CNS, such as
hematogenous Candida meningoen-
cephalitis (HCME), cerebral aspergillo-
sis, and other mold infections of the
CNS, is clinically and microbiologically
challenging. Direct examination, culture,
white blood cell count, and chemistries of
CSF in patients with HCME and cerebral
aspergillosis are relatively insensitive in
the detection and therapeutic monitoring
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of non-cryptococcal IFDs of the CNS [1,
4,9-12].

The cell walls of Candida spp., and
medically important Ascomycetous molds,
including Aspergillus spp., Fusarium,
Scedosporium spp., and Exserohilum spp.,
are composed of (1—3)-p-p-glucan and
other polysaccharides [13]. The potential
clinical utility of (1—3)-B-p-glucan is
predicated on the unique structural char-
acteristics of this cell wall polysaccharide
being present in fungal cells but not that
of mammalian cells. The core chain of
the (1—3)-B-p-glucan polysaccharide is es-
timated to be 1500 glucose subunits in
length for a molecular weight of approxi-
mately 2.7x10° Da. However, as
(1-3)-B-p-glucan has multiple (1->4)
and (1->6) branches,
weight of the complete (1—3)-B-p-glucan
molecule is larger. These properties are im-

the molecular

portant, as this relatively large polysaccha-
ride is not normally detected in
noninflamed CSF and an intact blood-
brain barrier above a certain analytical
lower limit of quantitation. Consistent
with the observations of the high molecular
weight of circulating (1—3)-B-p-glucan, the
values for most samples of normal human
CSF (1-3)-B-p-glucan are less than
30 pg/mL.

The paper by Bigot and colleagues [14]
in Clinical Infectious Diseases expands
our understanding of (1—3)-B-p-glucan
in the CSF as a biomarker for the diagnosis
of HCME and mold infections of the CNS.

CSF (1—3)-beta-D-glucan; Candida meningoencephalitis; cerebral Aspergillosis; cryptococcal meningitis; Fusarium

While the study by Bigot et al advances our
understanding of the potential utility of
CSF (1—3)-B-p-glucan, their analysis ag-
gregates the diagnostic sensitivity of the as-
say for non-cryptococcal fungal infections
of the CNS, such that a more in-depth dis-
cussion of its clinical utility in each of the
major CNS IFDs is warranted. Among
these non-cryptococcal CNS IFDs are
HCME, aspergillosis, and Exserohilum ros-
tratum meningitis. Of note, cryptococcal
meningoencephalitis and CNS infections
by endemic dimorphic fungi were also
not assessed. Moreover, a discussion of
the utility for therapeutic monitoring
through serial CSF (1—3)-B-p-glucan
also warrants discussion as a biomarker
for response to antifungal therapy.
Hematogenous Candida meningoen-
cephalitis occurs disproportionally as a
complication of candidemia in neonates
and immunocompromised children [2, 3,
9, 10, 15-18]. Establishing a clinical diag-
nosis of HCME is difficult, as CSF cultures
are insensitive, changes in CSF cell count
and chemistries are nonspecific, and there
are no widely available biomarkers. A diag-
nosis of HCME is important, as this disease
requires an extended course of therapy be-
yond the standard 14 days for primary
treatment of candidemia. Inadequate treat-
ment of HCME is associated with recurrent
infection, seizures, loss of developmental
milestones, and developmental delays.
Petraitiene et al [19] demonstrated
that CSF (1—3)-B-p-glucan would be a
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useful biomarker of HCME disease and
that the level of polysaccharide would
correlate with organism burden within
brain tissue. This was the first reported
documentation of the utility of CSF
(1—-3)-B-p-glucan for the diagnosis of a
fungal infection of the CNS. These inves-
tigators demonstrated that the level of
(1—3)-B-p-glucan in CSF correlated di-
rectly with the residual fungal burden
in cerebral and cerebellar tissue by quan-
titative cultures in a rabbit model of ex-
perimental HCME. The study also
demonstrated compartmentalization of
significantly greater concentration of
(1—3)-B-p-glucan in CSF than in serum,
which further facilitates a diagnosis of
HCME. Further investigation demon-
strated that the CSF (1—3)-B-p-glucan
levels in experimental HCME were sig-
nificantly higher than those within se-
rum. Antifungal therapy also was
associated with a simultaneous reduction
in CSF (1—3)-p-p-glucan levels and
quantitative cultures. These preclinical
studies established an
foundation for utilizing CSF (1—3)-B-
D-glucan as a biomarker for the detection
of HCME, as well as for monitoring CNS
response to antifungal therapy.

experimental

Building upon these preclinical obser-
vations, Salvatore and colleagues [10] re-
ported the utility of CSF
(1-3)-B-p-glucan for the detection of

clinical

HCME in pediatric patients with previ-
ously documented candidemia. The
study further demonstrated that CSF
(1—-3)-B-p-glucan declined in response
to effective antifungal therapy and suc-
cessful outcome from HCME. The detec-
tion of CSF (1—3)-B-p-glucan in HCME
provides critical information on the pres-
ence or absence of Candida within the
CNS, an indicator of relative burden,
and a baseline value by which to monitor
therapeutic response. That CSF cultures
for Candida in patients with HCME
may be negative underscores the impor-
tance of a non—culture-based technology
for early identification of this disease.
The use of CSF (1—3)-B-p-glucan for
therapeutic monitoring of response to

antifungal therapy permits personalizing
individual treatment until resolution of
the biomarker, particularly with respect
to length of therapy.

Before  the advent of CSF
(1-3)-p-p-glucan monitoring, patients
historically would receive a course of
treatment for candidemia, which may
consist of 2 weeks only to subsequently
present with neurologic deficits associated
with HCME, which had been undertreated.
Data from the prospective study by
Salvatore et al demonstrated that signifi-
cantly longer times of treatment are neces-
sary in order to resolve the elevated levels of
CSF (1—3)-B-p-glucan, eradicate Candida
from CNS tissue, and thereby prevent
relapse. Thus, a diagnostic strategy
of early detection of HCME with
CSF (1-—3)-B-p-glucan and subsequent
therapeutic monitoring of response is sup-
ported by preclinical and clinical founda-
tions allowing this biomarker to be used
in a manner similar to that of capsule poly-
saccharide of cryptococcal antigen.

Mold infections of the CNS are associ-
ated with high mortality, difficulty in ear-
ly diagnosis, relapsed infection, and the
need for protracted courses of antifungal
therapy [1, 4, 12, 20]. Serris et al [21] re-
ported that, among 119 patients with
CNS aspergillosis from 20 French hospi-
tals, 7 (64%) of 11 patients had a positive
(>80 pg/mL) CSF(1—3)-B-p-glucan.
They further observed that CSF
(1—-3)-B-p-glucan, galactomannan, and
polymerase chain reaction (PCR) had
similar sensitivities but, when combined,
yielded a greater diagnostic sensitivity of
80%. Davis and colleagues [22] found
that 9 (100%) of 9 previously reported
cases of proven Aspergillus meningitis
had positive CSF (1—3)-B-p-glucan.
Mikulska et al [23] documented elevated
CSF (1—3)-B-p-glucan in 3 patients with
probable CNS aspergillosis at elevated
levels ranging from 103 to more than
523 pg/mL.

Serial sampling of CSF (1—3)-p-p-glu-
can may have advantages in monitoring
of therapeutic response in CNS aspergillo-
sis. One well-described case of CNS

aspergillosis in a pediatric patient with
Aspergillus ventriculitis was monitored for
therapeutic response with both CSF galac-
tomannan and CSF (1-3)-B-p-glucan
[20]. Although CSF (1—3)-p-p-glucan
and galactomannan were both elevated at
baseline, CSF galactomannan resolved rel-
atively rapidly within approximately 30
days after initiation of therapy, while CSF
(1—3)-B-p-glucan remained persistently
elevated during this early phase of antifun-
gal therapy. When antifungal therapy was
decreased in dose intensity or discontinued
entirely, the patient’s neurologic symptoms
deteriorated, and antifungal therapy was
re-initiated. Over an ensuing year of anti-
fungal therapy for the patient’s CNS asper-
gillosis, there was a gradual decline in CSF
(1-3)-B-p-glucan in response to antifun-
gal therapy.

Among the dematiaceous molds, CSF
(1—3)-B-p-glucan was found to be an im-
portant biomarker for early detection of
Exserohilum rostratum meningoenceph-
alitis in patients who had received para-
spinal injections of a contaminated
formulation of methylprednisolone ace-
tate [24-26]. During the early phase of
the outbreak, early microbiological detec-
tion of the infection was challenging, giv-
en the delay in growth of E. rostratum and
the lack of sensitivity of cultures [27, 28].

Subsequent clinical studies demon-
strated that CSF (1—3)-B-p-glucan was
a sensitive biomarker of approximately
95% in detecting the presence of
Exserohilum meningoencephalitis [24-
26]. Litvintseva and colleagues [24] cal-
culated a receiver operator characteristic
(ROC) area under the curve of 0.99 and
found the assay to be more sensitive
than PCR. The elevated ratio of CSF to
serum (1—3)-B-p-glucan observed in
CNS candidiasis was also demonstrated
in Exserohilum meningoencephalitis by
Lyons et al [26]. Moreover, the decline
in CSF (1—3)-B-p-glucan in patients re-
ceiving antifungal therapy also proved
to be a useful tool in monitoring thera-
peutic response to antifungal therapy.
The utility of this biomarker in detecting
this fungal pathogen and monitoring
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therapeutic response was further defined
in a rabbit model of E. rostratum menin-
goencephalitis where successful thera-
peutic responses were correlated with a
significant decline in CSF (1-3)-B-
D-glucan in animals treated with posaco-
nazole and with liposomal amphotericin
B [29, 30].

The study by Bigot and colleagues [14]
excluded patients with CNS IFDs caused
by endemic dimorphic fungi, as these are
infrequently encountered in France.
Other investigators have characterized
CSF (1—-3)-B-p-glucan in patients with
CNS IFDs caused by Coccidioides spp.
[31]. and Histoplasma capsulatum [22,
26, 32]. The studies by Myint and col-
leagues [22, 32] demonstrated a sensitiv-
ity of 63.8%, specificity of 79.7%, and an
area under the ROC curve of 0.706.
There are spare data for CNS blastomy-
where CSF (1-3)-B-p-glucan
may have limited sensitivity.

cosis,

While CSF capsular polysaccharide an-
tigen is the time-tested biomarker for lab-
oratory diagnosis of CNS cryptococcosis,
Rhein and colleagues [33] demonstrated
an 89% sensitivity and 85% specificity of
CSF (1-3)-B-p-glucan in 117 patients
with human immunodeficiency virus
(HIV) from Uganda and South Africa
with cryptococcal meningitis, with an
threshold
80 pg/mL or greater. The median CSF

assay-positive value of

(1-3)-B-p-glucan  concentrations  at
the time of diagnosis was 343 (interquar-
200-597) pg/mL. CSF
(1-3)-B-p-glucan values of 500 pg/mL

tile range:

or greater at baseline were associated
with greater 10-week mortality. CSF
(1-3)-B-p-glucan concentrations at the
time of diagnosis also correlated with
CSF cryptococcal antigen titers, CSF fun-
gal burden by quantitative culture, and
levels of CSF monocyte chemotactic pro-
tein 1 (MCP-1). By comparison, 6 pa-
tients, 3 of whom has HIV, from the
United States with proven cryptococcal
meningitis had a detectable but relatively
low median CSF (1—3)-B-p-glucan level
of 33 pg/mL (range: <4-53 pg/mL).
The differences between the CSF

(1-3)-B-p-glucan levels reported in the
2 reports may be attributable to a substan-
tially greater burden of CNS cryptococcal
organisms in the study of Rhein et al.

CSF cryptococcal antigen clearly re-
mains the first-line biomarker in patients
with suspected cryptococcal meningitis.
Moreover, the aforementioned study of
Rhein et al documented that the presence
of elevated CSF (1—3)-B-p-glucan does
not exclude a diagnosis of this CNS
cryptococcosis.

Mucormycosis, which causes devastat-
ing damage to the CNS, is difficult to diag-
nose. Little is known about the expression
of CSF (1—-3)-B-p-glucan in CNS mucor-
mycosis. Since (1—3)-B-p-glucan is pre-
sent in relatively low concentrations in
the fungal cell wall of Rhizopus spp. [34],
relatively low levels of CSF (1-3)-B-
D-glucan may be anticipated. However, re-
cent studies suggest that some patients
with mucormycosis may have low circulat-
ing levels of serum (1—3)-B-p-glucan [35].
However, these apparently inconsistent
observations may be explained by a low
but detectable level of (1—3)-B-p-glucan
that may be sufficiently expressed in
some isolates of Mucorales as to be detect-
able in clinical specimens [36].

As a reflection of its expanding utility
in the detection of IFDs of the CNS,
(1-3)-p-p-glucan is recommended in
the panel of assays performed on CSF
by the Centers for Diseases Control and
Prevention for the initial identification
of patients with Fusarium meningitis in
response to the outbreak in those patients
exposed to procedures performed under
epidural anesthesia in Matamoros,
Mexico [37, 38]. Moreover, CSF
(1—-3)-B-p-glucan is also recognized as
a select key finding in patients with
Fusarium meningitis. As of 29 June, there
have been 15 suspected cases, 10 proba-
ble cases, 9 confirmed cases, and 7 deaths
from meningitis caused by Fusarium sol-
ani species complex. Although serum
(1—-3)-B-p-glucan has been found to be a
sensitive biomarker in the detection of
deeply invasive fusariosis [39, 40], there
are no of CSF

previous  reports

(1-3)-B-p-glucan  in  detection of
Fusarium meningitis.

Although the normal values of (1-3)-
B-d-glucan in human CSF have been un-
certain, the current data in the study by
Bigot et al [14] were 33 pg/mL or less.
This value is substantially lower than
that of the negative value of (1—3)-B-d-
glucan determined for serum at less than
60 pg/mL. As the relatively large polysac-
charide of (1—3)-B-p-glucan does not ap-
pear to substantially penetrate the blood-
brain barrier into the CSF, normal values
indeed may be lower in patients with an
intact blood-brain barrier and no CNS
pathology. However, pending further
studies, the threshold cutoff value of great-
er than 80 pg/mL for greater specificity
may be a more for optimal cutoff value
for the detection of most (1—3)-B-d-
glucan-producing fungal pathogens caus-
ing IFDs of the CNS.

There are limitations to the use of CSF
(1-3)-B-p-glucan. The assay for the de-
tection of (1—3)-B-p-glucan is approved
by the Food and Drug Administration
for serum but not for CSF. Unlike galacto-
PCR,
(1-3)-B-p-glucan lacks specificity for a
given fungus. The cutoff of (1—-3)-B-d-
glucan in CSF for the diagnosis of CNS
IFDs has not been defined for the com-
mon fungal pathogens. The

mannan, and metagenomics,

serum
(1-3)-B-p-glucan assay is not widely
used in pediatric patients. Several factors,
including infusion of intravenous immu-
noglobulin, may contribute to false-
positive reactions. The assay also may
not be readily available in resource-
challenged regions.

In summary, CSF (1—3)-B-p-glucan is
a valuable biomarker for the detection
and monitoring of therapeutic response
of HCME and a promising indicator for
Aspergillus and non-Aspergillus mold in-
fections of the CNS within the appropri-
ate clinical context.
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