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Abstract Cryptococcus neoformans is an encapsulated
fungal pathogen that is remarkable for its tendency to cause
meningoencephalitis, especially in patients with AIDS. While
disease is less common in children than adults, it remains an
important cause of morbidity and mortality among HIV-
infected children without access to anti-retroviral therapy.
This review highlights recent insights into both the biology
and treatment of cryptococcosis with a special emphasis on
the pediatric literature.
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Introduction

Cryptococcosis is fungal disease that most commonly mani-
fests as meningoencephalitis (CME), disseminated disease
and pneumonia. Disease occurs globally though for unknown
reasons; children are much less commonly affected than
adults. Cryptococcosis is caused primarily by two distinct
species, Cryptococcus neoformans (CN) and Cryptococcus

gattii. Disease caused by these two species is similar in many
ways, though important epidemiologic and clinical
differences exist, highlighting the genetic divergence of these
species an estimated 49 million years ago [1].

C. gattii was first recognized for its tendency to cause dis-
ease in the native peoples of tropical and sub-tropical areas of
the world, especially Australasia.More recently, this organism
has been increasingly recognized to cause disease outside
these regions, including an outbreak in the Pacific
Northwest. Disease often occurs in individuals without known
immunodeficiency, though subtle defects in immunity (e.g.,
anti-granulocyte-macrophage colony stimulating factor
(GMCSF) antibodies) have been recognized [2••].

CN disease occurs globally with an estimated burden of 1
million cases resulting in 625,000 deaths annually [3]. This
condition is primarily an opportunistic infection especially
among individuals (including children) with defects in T cell
immunity, though cases of CN disease in individuals without
recognized immunodeficiency are regularly reported. The his-
tory and prevalence of CN disease is especially remarkable for
its association with the AIDS epidemic. Accordingly, the
highest rates of cryptococcosis are seen in sub-Saharan
African where anti-retroviral therapy (ART) is unavailable to
many. This report focuses of recent advance in CN disease,
especially as it relates to children with HIV disease.

The Organism

In the environment, CN is a typical saprophyte, deriving nour-
ishment from dead and dying organic material. Organisms can
be readily isolated from the environment, including bird (es-
pecially pigeon) droppings and decaying trees. Interestingly,
CN is not thought to be a pathogen or colonizer of birds. The
emergence of CN as a human pathogen has been hypothesized
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to correlate with selective advantages provided by specific
traits that promote survival advantages in interactions with
natural predators such as soil ameba (reviewed in [4]).
Within in the host, this pathogen is a facultative intracellular
pathogen that is well suited for intracellular survival. The in-
teraction between CN and macrophages plays a central role in
cryptococcal pathogenesis [5, 6].

A number of virulence factors have been identified and
well characterized, including encapsulation, melanin produc-
tion, and the ability to grow at 37 °C. Modulation of the
immune response through the elicitation of non-protective
and/or protective immunity is central to cryptococcal patho-
genesis. In this regard, the polysaccharide capsular material is
remarkable for its ability to interfere with opsonization [7],
impair chemotaxis [8, 9] and actively promote non-
protective TH2 inflammation [10]. The capsular material is
actively shed into tissue during infection [11] and has been
hypothesized to play a role in promoting increased intracranial
pressure (ICP) [12–14]. Besides the polysaccharide capsule,
increasing attention has focused cell wall-associated polysac-
charides, including chitin in cryptococcal pathogenesis.
Strains deficient in chitosan (the deacetylated form of chitin)
show decreased virulence in animal models [15]. Chitin asso-
ciates with polysaccharide capsule, provides structural integ-
rity to the cell, and modifies the immune response [16, 17•].
Specifically, chitin recognition via chitotriosidase promotes
non-protective TH2 inflammation [18••]. Consistent with the
saprophytic nature of this pathogen, a variety of enzymes
(both secreted and non-secreted) have also been linked to
virulence, including glucosylceramide synthase, phospholi-
pase, urease, and metalloprotease (reviewed in [19].

Several unique processes that contribute to cryptococcal
virulence have recently been identified. This includes the for-
mation of giant or titan cells, which can reach up to 100 μm in
cell body diameter compared to the typical cell size of 5–
7 μm. Titan cells display cross-linked capsules, thickened cell
walls, and increased ploidy [20]. Titan cells are more resistant
to phagocytosis. They are also more virulent and exhibit en-
hanced dissemination in experimental cryptococcosis [21].

Additionally, CN can induce its own extrusion from phago-
cytic cells through a process known as non-lytic exocytosis
[22–24]. Non-lytic exocytosis, which is appears to be regula-
ted by the local pH, allows organisms can escape the
phagosomal component of infected host cells without ruptur-
ing the host cell. It also enables the transfer of organisms from
one cell to another. Presumably, this process plays an impor-
tant role in promoting dissemination within the host.

CN is capable of undergoing significant phenotypic varia-
tion through different mechanisms that can subvert the host
immune response. This includes phenotypic switching [25]
and replicative aging [26••]. Phenotypic switching is a high
frequency reversible process that produces strains with speci-
fic phenotypic differences. These changes affect important

physical characteristics of the organism including the capsule
resulting in significant changes in virulence and the ability to
induce ICP [13]. In replicative aging, founder cells develop a
thickened cell wall, which inhibits phagocytosis and killing by
antifungals in vitro. It has been hypothesize that the accumu-
lation of old cells in vivo can lead to persistence and resistance
to antifungal therapy [27•]. The ability of the CN to respond to
changes in the local environment has also been increasing
realized. For example, quorum sensing and the local release
of metabolites (e.g., pantothenic acid) that alter the expression
of virulence factors has been described [28, 29••].

Pathogenesis

Infection is thought to be acquired through inhalation of
aerosolized and possibly desiccated organisms. A central but
poorly understood issue of cryptococcal pathogenesis relates
to whether diseases result from the reactivation of a latent
focus of infection in the setting of immunosuppression versus
progression of a primary infection. Several lines of evidence
(including pathology, molecular typing, animal models, and
serologic studies) indicate that reactivation type disease
(similar to tuberculosis) can occur [30–33]. According to this
model, infection is acquired early in life, but remains latent
only to be re-activated in the context of immunosuppression.
Primary progressive infection also appears to occur as indica-
ted by outbreaks reports and the demonstration of recent
acquisition of infection from the local environment [34].

As a pathogen, CN is somewhat unique in its avidity to
the CNS. Three mechanisms have been proposed to
explain how CN enters the CNS, though relative contri-
bution of each to the disease state is unknown. According
to the Trojan horse theory, CN enters the CNS via infec-
ted macrophages or monocytes. In support of this theory,
depletion of macrophages has been shown to reduce CNS
fungal burden in a murine model of cryptococcosis [35].
Likewise, infection of animals using macrophages con-
taining CN enhances dissemination into the CNS.
Alternatively, CN can enter the CNS through endothelial
cell uptake via a process known as transcytosis, which can
be demonstrated both in vitro and in vivo [36]. This
appears to be an active process and likely involves the
secretion of enzymes (e.g., metalloproteases [37••], urease
[38]) in conjunction with the binding of pathogen-
associated ligands like hyaluronic acid to host receptors
(CDD44) on endothelial cells [39]. Finally, CN may enter
the CNS by damaging the intercellular connections
between endothelial cells. This process has been
hypothesized to involve capsular-induced damage to
endothelial cells [40] and be associated with changes in
intracellular actin arrangement [41].
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Pediatric Cryptococcosis

Due to the rarity of pediatric cryptococcosis, the precise
prevalence is difficult to define and may vary by region.
Studies of US children with AIDS in the 1990s estimated an
incidence of cryptococcosis to be about 1 % [42]. The basis
for this lower incidence of cryptococcosis among children
when compared with adults remains poorly understood, but
could be related to differences in exposure and/or immune
response that allows for progression of disease. Serologic
studies suggest that in certain urban areas, sub-clinical cryp-
tococcal infection is common among children older than
2 years of age [43, 44]. Furthermore, these studies suggest
ongoing exposure throughout childhood. Nonetheless, it is
possible that the type of exposure in children is qualitatively
(e.g., different strains) or quantitatively different when com-
pared with adults [45]. Besides AIDS, cryptococcosis has
been described in the context of primary and acquired immu-
nodeficiencies as well as in apparently healthy children. This
includes hyper IgM syndrome [46], hyper IgE syndrome [47],
Bruton’s agammaglobulinemia [48], SLE [49], leukemia [50],
and sarcoma [51]. Organ transplantation and the use of bio-
logic agents (e.g., anti-TNF antibodies [52]) are also recog-
nized as important risk factors for cryptococcosis. Recent
studies in adults suggest that subtle differences in the immune
system including polymorphism in Fc receptors [53, 54••] and
antibodies to GMCSF [2••] may play an unrecognized role in
susceptibility to cryptococcal infection in both apparently
healthy individuals and those that are immunocompromised.

Because of the relatively small number of cases of pediatric
cases of cryptococcosis, much of our understanding and
recommendations regarding this disease represent extrapola-
tions from adult data. Since 2009, there have been four series
from different parts of the world (USA, Brazil, South Africa,
and Colombia) describing the pediatric experience with cryp-
tococcosis in HIV-infected children [55–57, 58••]. The num-
ber of children in these studies ranges from 41 to 361. The
percent of HIV infection children in these studies varies from
16% in a US study to 91% in a South African study. Series of
pediatric cryptococcosis have also been recently reported from
China and Taiwan. These studies are remarkable for the per-
cent of children without underlying immunodeficiency and
the absence of HIV infection [59, 60]. The reported mortality
of pediatric cryptococcosis in these series ranges from 9.5 to
43 % [55, 56, 61].

The largest description of pediatric (age <15 years) crypto-
coccosis (n = 361, 91 % HIV infected) comes from South
Africa [57]. In this series, pediatric cryptococcosis represented
2 % of all cryptococcal cases over a 2-year period with an
annual incidence of 47 cases per 100,000 persons for HIV-
infected children when compared with 120 cases per 100,000
in HIV-infected adults. A bimodal peak in the incidence was
found with the greatest incidence in children <1 year of age

and a second peak among children 5–10 years of age. Among
children <1 year of age, this incidence was comparable to that
of Haemophilus influenzae meningitis among children less
than 1 year. Among children undergoing testing, the majority
of HIV infected had CD4+ T cell counts less than 50 cells/uL
and CD4+ T cell percentages less than 15 %. When compared
with adults with cryptococcosis, affected children were less
likely to have HIVand more likely to be infected withC. gattii
(7 % of pediatric cohort). This peak in incidence in children
<1 year has not been described in other pediatric series with
most reports describing a peak incidence in older children (age
8–12 years), including reports from Botswana and Ghana [62,
63]. The authors suggest that rapid HIV progression in some
infants associated with congenital HIV infection may be
responsible for this peak [57]. Interestingly, while cryptococ-
cosis during pregnancy is well described, congenital crypto-
coccosis is thought to be rare. Infection may occur via
swallowing or inhalation of infectedmaterials. Placental trans-
mission may also occur though in general the placenta appears
to be a very effective barrier in preventing fetal infection [64].

The most recent pediatric series of cryptococcosis comes
from a national survey of Colombian children (<16 years)
over an 18-year period in 2014 [58••]. This series highlights
important trends in pediatric cryptococcosis including the
emergence of non-AIDS cases of cryptococcosis in regions
where ART is available. In this series, the annual incidence
of pediatrics cryptococcosis was 0.017 to 0.12 cases per
100,000 children depending on the region of the country.
Overall, 41 children were identified 10 (24.4 %) were HIV
positive, 3 (7.3 %) had reporter either corticosteroid use, ma-
lignancy or autoimmune disease, and 19 (46.3 %) had no
known risk factors. The mean age of affected children in this
series was 8.4 years with a slight male predominance, which is
similar to what has been described in previous pediatric series
[42, 65, 66]. The most common form of disease was
neurocyptococcosis (87.8 %), which was followed by the dis-
seminated disease (12.2 %). Among the five patients with
disseminated disease, two had skin involvement. The most
common symptoms were headache (78.1 %), fever (68.8 %),
nausea and vomiting (65.6 %), confusion (50 %), and menin-
geal signs (37.5 %).

Recent Advances in Diagnosis

Traditionally, cryptococcosis has been diagnosed by a variety
of techniques, including India ink staining, latex agglutina-
tion, enzyme immunoassays (EIAs), and culture. More recent-
ly, a rapid diagnostic lateral flow assay (LFA) (IMMY,
Norman, OK, USA) has been developed. This inexpensive
assay can be performed in less than 10 min and remains stable
at room temperature, making it ideal as a point of care test for
r e s o u r c e - l i m i t e d s e t t i n g s . T h e LFA d e t e c t s
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glucuronoxylomannan, the primary capsular polysaccharide
antigens and distinguishes between the four major cryptococ-
cal serotypes (A and D for C neoformans and B and C for
C. gattii) [67•]. The LFA is currently FDA approved for use
on cerebrospinal fluid (CSF) samples only; however, it is also
highly sensitive and specific for serum testing [67•, 68•].

LFA testing of the CSF also appears to correlate with fun-
gal burden and may be useful in prognosis. A prospective
study conducted in Uganda examined the accuracy of the
LFA compared to standard diagnostic tests and also sought
to correlate the LFA titer with mortality at 2 and 10 weeks.
Higher LFA titers prior to antifungal treatment correlated with
increased mortality and each twofold increase in titer led to
incremental increases in both 2 and 10-week mortality [69•].

The LFA has limited utility in measuring response to the-
rapy. Another limitation of this assay (as observed with the
latex agglutination test) is the presence of false negatives due
to the prozone phenomenon, which occurs in the context of
antigen excess. This phenomenon can be eliminated by
including a specimen dilution step in testing [70•].

Given high incidence and mortality of cryptococcosis in
areas of the world with limited access to ART, the World
Health Organization currently recommends routine screening
using the LFA on blood or serum samples for HIV-infected
adults with CD 4+ T cell counts ≤100 cell/uL (who.
int/hiv/pub/cryptococcal_disease2011/en/). Individuals with
a positive LFA assay should undergo CSF testing including
measurement of opening pressure with prompt institution of
therapy. A prospective study evaluating preemptive
fluconazole treatment of LFA positive high-risk individuals
did indeed find a decrease in development of cryptococcal
meningitis [70•]. Current guidelines, however, do not call
for routine screening of children because of the relatively
lower incidence of pediatric cryptococcosis.

Therapy

There are currently only three classes of antifungals used to
treat cryptococcosis: polyenes (amphotericin B), azoles, and a
pyrimidine analog flucytosine (5-FC). Of note, CN is inhe-
rently resistant to echinocandins. The treatment regimen for
cryptococcosis depends on the type of disease and the under-
lying immune status of the host. For CME and disseminated
disease in HIV-infected children, the Infectious Disease
Society of America guidelines recommend the combination
amphotericin B deoxycholate and 5-FC for initial induction
phase of therapy (minimal of 2 weeks) [71]. This is followed
by a consolidation phase with 8 weeks of fluconazole. Once
this has been completed maintenance (suppressive therapy)
should be instituted. Discontinuation of maintenance therapy
in children receiving ART and CD4 T cell >100/μl and
sustained (>3 months) virologic response are poorly studied

but should be considered. These guidelines are based on
extrapolation of adult studies, as pediatric studies are not avai-
lable given the relatively small number of cases. Despite stan-
dard therapy, the mortality and morbidity of CME remains
high. Furthermore, treatment of CME is significantly limited
in areas of the world (e.g., Africa and Asia) where CME inci-
dence is highest due to limitations in drug availability
(amphotericin and 5-FC).

The most common side effect of amphotericin B
deoxycholate is nephrotoxicity, including urinary potassium
and magnesium wasting, renal tubular acidosis, and
nephrogenic diabetes insidipus. The risk of nephrotoxicity
can be lowered with the use of lipid formulations of
amphotericin B and the avoidance of other nephrotoxic drugs.
Pre-hydration with normal saline also reduces the renal
toxicity associated with amphotericin B. Furthermore, lipid
preparation of amphotericin (liposomal amphotericin B (3–
4 mg/kg) and amphotericin B lipid complex (5 mg/kg)) may
be used as alternatives for the treatment of CME in individuals
with underlying renal dysfunction. Other adverse events in-
clude infusion-related reaction and a reversible normocytic
anemia. The most prominent side effect of 5-FC is hemato-
logic toxicity including leukopenia and thrombocytopenia,
which tends to occur within the first 2 weeks of use. 5-FC
toxicity is associated with elevated aminotransferases, hepatic
necrosis, and gastrointestinal upset, and thus, periodic
monitoring of serum concentrations is recommended.

Several studies highlight the importance of combination
amphotericin/5-FC in the initial treatment of CNS cryptococ-
cosis [72–74]. The most recent is a prospective, randomized
trial conducted in Vietnam [75••]. Specifically, this trial com-
pared the efficacy of combination therapy with amphotericin
B and 5-FC versus amphotericin B and fluconazole, or
amphotericin B alone in the initial treatment of CME in
HIV-infected individuals. Individuals receiving combination
therapy with 5-FC had improved survival at both 10 weeks
and 6 months after diagnosis when compared with either
group. Enhanced CSF fungal clearance was also observed
with amphotericin 5-FC combination therapy. In contrast,
combination therapy with amphotericin B and fluconazole
did not offer survival benefit when compared with
amphotericin monotherapy. This study was open to indivi-
duals over 14 years age though the median age was 28 years,
and the number of children was not documented.

Despite the demonstrated utility of amphotericin and 5-FC
in the initial treatment of CME, these drugs are not routinely
available in most parts of Asia and Africa where CME burden
is greatest [76•]. In response, a variety of trials have been
devised to develop new treatment strategies that provide
optimal outcome with limited drug requirement. In a study
conducted in Malawi, 5-FC was studied in combination with
fluconazole for the initial induction therapy in adults with
CME. This study demonstrated that the combination of 5-FC
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with high doses of fluconazole (1200 mg/day) enhanced clea-
rance of CN from the CSF at 2 weeks when compared with
fluconazole monotherapy. Improved survival at 2 and
10 weeks was also noted [77]. A follow-up study evaluated
the effects of the addition of short-term amphotericin (7 days)
to either fluconazole alone or fluconazole plus 5-FC in initial
induction therapy [78]. Early fungal clearance was highest for
patients receiving triple therapy, though the study was not
powered to discern differences in survival. A multi-center
phase II/III non-inferiority trial is underway to test the thera-
peutic utility of short courses of high-dose liposomal
amphotericin B (AmBisome) combined with high-dose
fluconazole in HIV-positive adults with CME [79•].

The potential utility of adjuvant γ-interferon therapy in
cryptococcosis has been studied in animal models [80, 81]
and limited human studies [82, 83]. γ-Interferon plays an
important role in activation macrophages an inhibiting intra-
cellular growth of CN [84]. In a randomized controlled study,
HIV-infected adult patients with CME were initially treated
with the combination amphotericin B and 5-FC alone or to-
gether with γ-interferon [82]. Though the study was not
powered to detect differences in mortality, even a short course
(two doses) of adjuvant γ-interferon was associated with en-
hances CSF fungal clearance. Importantly, fungal clearance
has been previously established as a surrogate for outcome
in CME treatment studies [85]. Of note, no increase in IRIS
was noted.

Fluconazole Resistance

The potential for the emergence fluconazole resistance among
CN strains has gained increasing attention especially in areas
where anti-retroviral therapy (ART) is not available, and there
is widespread use of fluconazole. A surveillance study of
cryptococcal isolates from across the globe (Asia-Pacific re-
gion, Latin America, Africa/Middle East, and North America)
over a 10.5-year (1997–2007) period revealed an overall in-
crease in resistance in fluconazole (as determined by CLSI
standardized disk diffusion testing) from 7.3 to 11 % though
susceptibility to voriconazole was preserved (with resistant
rates of 1.7 to 1.8 %) [64]. The increase in fluconazole resis-
tance was most prominent in certain regions (e.g., Africa/
Middle East, Asia Pacific Region) where resistance rose to
as high as 33 %. In contrast, resistance among North
American isolates initially rose, but then decreased to 0 % in
the 2005–2007 period. Nonetheless, high rates of fluconazole
resistance have not been reported in other studies including
one performed on African isolates [65]. Furthermore, the clin-
ical significance reported fluconazole resistance is complicat-
ed by issues surrounding optimal testing methodologies and
correlations between in vitro susceptibility and clinical
response. In a review of the literature, Cheong and

McCormack reported on 20 cases of fluconazole resistance
in patients with CME over a 20-year period (from 1991 to
2011) [66]. Interestingly, 30 % of patient in these studies
had no prior fluconazole exposure consistent with the notion
that these strains may be inherently resistant to fluconazole.
Inherent fluconazole resistance in CN that may not be readily
detected initially, but result in clinical failure may occur
through a phenomenon known as heteroresistance. In
heteroresistance sub-populations of organisms are able to
adapt to increasing concentrations of fluconazole. This corre-
lates with the development of disomy in certain chromosomes,
which include genes that code for the target enzyme, alpha
demethylase, and azole efflux pumps [67•, 68•]. Current
recommendations suggest testing for fluconazole susceptibil-
ity in the context of treatment failure [71].

Increased Intracranial Pressure

Elevated intracranial pressure (ICP) has been reported to occur
in up to 60 % of adults with CME and is an important deter-
minant of morbidity and mortality in this disease [14, 86•].
The incidence of increased ICP in children with CME is poor-
ly defined. In two pediatric series, where the CSF opening
pressure was measured, the percentage of patients with intra-
cranial hypertension was very high ranging between 73.9 and
83 % [65, 87]. The reasons why CME is so commonly asso-
ciated with increased ICP is poorly understood, though there
has been significant speculation concerning the role of the
capsular polysaccharide in this process. Capsular material is
actively shed within the CSF and brain during infection. The
large molecular size and viscous nature of this polysaccharide
has been hypothesized to interfere with CSF reabsorption at
the level of the arachnoid grannulations [13, 88, 89].
Accumulation of polysaccharide within the brain tissue inter-
cellular spaces has also been suggested to result in an osmotic
edema [12]. Edema may additionally exacerbate the problem
of impaired CSF reabsorption by producing a stiff brain that is
unable to accommodate the increased volume of CSF within
the ventricular space.

Current guidelines emphasize the importance of alleviating
increased intracranial pressure in the treatment of CME. For
patients with pressure greater than 25 cm of H2O and symp-
toms of increased intracranial pressure, CSF should be re-
moved to reduce to a normal pressure ≤20 cm of CSF or by
50 % if ICP is extremely high [71]. Despite current recom-
mendations, lack of awareness or access to manometers in
resource-limited countries hinders the utility of therapeutic
lumbar punctures despite evidence that patients receiving at
least one therapeutic LP after diagnosis have decreased mor-
tality perhaps even in patients with a normal initial opening
pressure [90••].
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Overall, corticosteroids should not be used as adjunctive
therapy for increased ICP associated with CME. In an initial
study of HIV-infected patients with CME, corticosteroid use
was associated with lower rates of clinical response and higher
mortality, though the sample size in this group was small [14].
More recently, a double-blinded randomized trial examining
the effects of adjunctive dexamethasone in CME among 451
patients in Asia and Africa confirmed these findings. In this
study, corticosteroids did not reduce mortality and was asso-
ciated with more adverse events and disability than was pla-
cebo [91••]. Findings from these studies are consistent with
the hypothesis that corticosteroids can weaken an already im-
paired immune response. In contrast, corticosteroids have
been used to treat severe recalcitrant, increased ICP associated
with C. gattii infection in immunocompetent individuals,
although additional study is needed before this practice
become routine [92••, 93]. It seems likely that the utility of
corticosteroid in CME is dependent on several variables
including local host inflammatory response, infecting strain,
and stage of infection.

IRIS

As seen with other opportunistic infections, AIDS patients
with CME can experience a paradoxical worsening of symp-
toms due to immune reconstitution inflammatory syndrome
(IRIS) in association with improved immune function secon-
dary to ART. This can present as relapsing aseptic meningitis,
increased intracranial pressure, new focal neurologic signs,
intracranial cryptococcomas, lymphadenopathy, or develop-
ment of abscesses [94••]. Alternatively, IRIS may unmask
previously unrecognized cryptococcosis. The occurrence of
IRIS in CME varies widely with a median of 1–10 months
but may occur as late as 41 months [95•]. There is minimal
data on IRIS in pediatric CME. In a recent report of seven
HIV-infected children with CME from South Africa, IRIS
was felt to contribute significantly to the morbidity and mor-
tality of this disease. Potential manifestations of IRIS in this
cohort included increase ICP, nodal airway compression, and
skin nodules [96•]. Corticosteroids are typically used in con-
junction with ongoing antifungal therapy to treat CME-
associated IRIS especially in those associated with increasing
CNS inflammation and increased ICP.

There is conflicting data on the effects of early ART for
HIV-infected patients with CME. An initial study involving
41 patients with CME found that early ART produced non-
significant decreases in mortality [97]. In contrast, recent stud-
ies suggest improved outcomes in CME with delayed ART
therapy. In this regard, early AZT therapy in HIV-positive was
associated with an increased incidence of CME IRIS with no
improvement in CSF fungal clearance [98••]. Furthermore, a
randomized controlled trial of HIV-positive adults from South

Africa and Uganda with CME found that patients who
received earlier ART (1 to 2 weeks after CME diagnosis)
had a 15 % higher mortality rate at 26 weeks compared with
patients for whom ART was deferred for 5 weeks after diag-
nosis (45 vs. 30 %, p = 0.03) [99••]. The highest mortality rate
was observed for patients with low initial white cell count (<5
WBC/μL) in the early\ ART group consistent with the notion
that increased inflammatory response in the CNS due to ART-
associated immune reconstitution was associated with damage
to the host.

Subsequent immunologic analysis revealed that early ART
initiation was associated with an elevated CSFWBC >5/μL at
day 14 of amphotericin treatment and median of 6 days of
ART treatment. This in turn correlated with elevated CSF
macrophage markers (sCD14, sCD163). Interestingly, IL-13,
a prototypical TH2 cytokine, was elevated in a sub-cohort of
patients receiving early ART on day 14 of amphotericin treat-
ment [100•]. In another study of CME-associated IRIS, lower
numbers of antigen specific interferon gamma (a TH1 cyto-
kine) producing T cells prior to ART were associated with
increase mortality [101•]. Taken together, these findings high-
light the potential contribution of enhanced TH2 inflammation
in the morbidity and mortality of CME-associated IRIS.
Clinically, these findings have translated into the practice of
delayed (4–10 weeks) initiation of ART following a diagnosis
of CME.

Conclusions

C. neoformans is a unique encapsulated fungal pathogen that
is remarkable for its proclivity to cause meningoencephalitis
with increased intracranial pressure among AIDS patients.
Fortunately, with the advent of effective anti-retroviral thera-
py, the population of HIV-infected individuals at risk for CME
has been significantly reduced. Nonetheless, current CME
therapies are inadequate resulting in significant disease-
associated morbidity and mortality among affected individ-
uals. In areas of the world with limited resources, the number
of cases of CME remains high and our ability to effectively
treat disease is extremely limited. Significant gains have been
made in our understanding of the host and pathogen features
that contribute to disease pathogenesis. The development of
new therapies based on these insights is urgently needed.
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