Cryptococcosis
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Cryptococcosisisasystemic mycosis caused by the encapsulated
yeast Cryptococcus neoformans, an organism found in soil and
often associated with pigeon droppings. Infection involves
most frequently the lungs or central nervous system and, less
frequently, the blood, skin, skeletal system, and prostate.
Because the incidence of cryptococcosis is greatly increased in
immunocompromised patients, especially among patients with
AIDS or organ transplant recipients, cryptococcosis is consid-
ered an opportunistic fungal infection. Treatment of cryptococ-
cosis is based on anatomic site of disease, severity of disease,
and the underlying immune status of the patient. Cryptococcal
meningitis is treated with induction therapy of amphotericin B
with or without flucytosine, followed by a prolonged course of
fluconazole. For pulmonary disease alone, fluconazole is effec-
tive therapy in most patients. Chronic maintenance therapy
with fluconazole may be required in HIV-infected patients or
transplant patients who remain immunosuppressed.

Organism

More than 40 species of the genus Cryptococcus have been
described, but few are recognized as causing infection in
humans [1]. The predominant pathogen is C. neoformans,
but two other species, C. albidus, and C. laurentii, have been
reported to rarely cause disease in humans [2-4].
Cryptococcus neoformans is a round or oval encapsulated
yeast, measuring approximately 4—6 um in diameter in clini-
cal specimens, and having a capsule ranging in size from 1 to
>30 pum. In specimens isolated from nature, organisms tend
to be smaller and poorly encapsulated [5].

Cryptococcus neoformans is grouped into serotypes A, B,
C, D, and AD hybrids based on antigenic determinates on the
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polysaccharide capsule, with serotype A most common.
Cryptococcus neoformans var. neoformans has included
serotypes A, D, and AD, and C. neoformans var. gattii
included serotypes B and C. It has been proposed to further
simplify the classification of Crypfococcus into pathogenic
varieties: C. neoformans var. grubii and C. neoformans var.
neoformans. C. neoformans var. gattii has been reclassified
as C. gattii, a species distinct from C. neoformans [6]. The
C. neoformans varieties differ somewhat in epidemiology,
ecology, and certain biochemical properties. In contrast to
C. neoformans, C. gattii uncommonly infects AIDS patients,
is found primarily in tropical areas, and is able to assimilate
malate. The epidemiology of C. gattii is evolving with its
emergence in Vancouver, Canada and the Pacific Northwest
United States since 1999 [7-9]. For a more detailed descrip-
tion of differences among pathogenic cryptococci , see these
two comprehensive references [10, 11].

The sexual, or perfect, state of C. neoformans, Filobasidiella
neoformans, a basidiomycete, can be demonstrated by mat-
ing the fungus under certain defined conditions [12]. In this
perfect state, mycelia are produced which bear basidiospores
1-3 pum in size. The perfect state has not yet been demon-
strated in patients or in nature, so the importance of inhala-
tion of basidiospores in disease acquisition is unknown.

C. neoformans produces white to cream-colored, smooth,
mucoid colonies when grown on solid culture media such as
blood agar or Sabouraud’s dextrose agar. The amount of
mucoidness of the colonies is related to the thickness of the
capsule. Growth of Cryptococcus usually occurs in 36-72 h
and s typically slower than that of Candida or Saccharomyces
species under the same conditions. C. neoformans grows at
37°C, whereas nonpathogenic species of Cryptococcus do
not. A distinguishing feature of C. neoformans is the ability
to produce melanin. On selective media supplemented with
niger seed (birdseed agar), smooth brown colonies are formed
after several days of incubation. Color reactions on solid
media are also useful to distinguish between C. neoformans
var. neoformans or grubii and C. gattii. For example, colonies
of C. gattii on canavanine-glycine-bromthymol blue (CGB)
agar turn the agar blue, while colonies of C. neoformans
do not elicit a color change [13].
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Epidemiology

C. neoformans is ubiquitous in the environment. The organism
was isolated initially in nature from peach juice in 1894 by
Francisco Sanefelice, and was first isolated from soil by
Emmons in 1951 [14]. C. neoformans was isolated from
pigeon excrement in 1955, and has since been isolated from
multiple geographic sites worldwide, many of which are
contaminated by pigeon or other bird excrement. Pigeon
droppings are commonly colonized with C. neoformans, and
may contain greater than 10° organisms per gram of fecal
material. Pigeons do not appear to develop cryptococcal dis-
ease, perhaps due to the pigeon’s high body temperature
[15]. Although C. neoformans is isolated most frequently
from pigeon excreta and soil, it has been isolated less com-
monly from other sources, including fruits and vegetables,
decaying wood, dairy products, and excrement from a wide
variety of avian species [16].

In contrast to the numerous geographic sites of isolation
of C. neoformans, the isolation of C. gartii has been more
restricted [14]. C. gattii has been isolated from leaves, wood,
bark, and air associated with Eucalyptus camaldulensis (red
river gum) and few other types of trees, but has not been
isolated from bird droppings [16—18]. The distribution of
E. camaldulensis, in tropical and subtropical regions such
as Southern California, Australia, Southeast Asia, Central
Africa, and Brazil, corresponds to areas where cases of cryp-
tococcosis due to C. gattii are recognized as endemic [14,
19]; however, infections caused by C. gattii occur in areas
without eucalyptus trees, suggesting an additional unidenti-
fied environmental source [20].

Because C. neoformans is isolated primarily from pigeon
droppings and soil, the assumption has been made that infec-
tion arises via aerosolized particles from pigeon excrement.
This hypothesis has been difficult to confirm, as most patients
who develop cryptococcosis do not recall a history of recent
exposure to pigeons or their excreta. Exposure to C. neoformans,
on the basis of serum antibody levels or skin testing, is com-
mon among pigeon handlers; however, the incidence of
active cryptococcal infections among this population does
not appear to be increased [21, 22]. No particular occupa-
tional predisposition to cryptococcosis is currently recog-
nized, although data from population-based surveillance
suggest that outdoor occupations may be associated with an
increased risk of cryptococcosis [23]. Association with
pigeons, pigeon excrement, soil, or dust does not appear to
increase the likelihood of proven cryptococcosis [23].

In the majority of cases, infection with C. neoformans is
thought to be caused by inhalation of the organism, either in
yeast form or perhaps as basidiospores, from an environmen-
tal source such as bird droppings or soil. Evidence for this
mechanism of acquisition is supported by isolation of cryp-
tococci measuring less than 4 pm, ideal for alveolar deposition,

from aerosols associated with soil and pigeon excreta [5, 24].
Unlike other mycoses transmitted by aerosolized particles,
outbreaks of cryptococcosis from a particular environmental
source rarely, if ever, occur [14, 25]. Although lung infection
can follow acute inhalation of Cryptococcus organisms, in
most cases disease occurs as a reactivation of dormant
infection.

C. neoformans has been isolated frequently from pulmo-
nary and skin cultures of healthy, asymptomatic individuals,
but this fungal organism is not regarded as normal microbial
flora in animals or humans [26, 27]. Rarely, skin infection
can occur after local inoculation, but in most cases, skin dis-
ease results from blood-borne dissemination after an initial
lung focus of infection. Person-to-person transmission via
inhalation of aerosols has not yet been documented, but in
several cases, other sources of presumed human-to-human
transmission have been described [28-31]. In one report, a
recipient of a corneal transplant from a donor with crypto-
coccosis developed cryptococcal endophthalmitis more than
2 months after transplantation [28]. In a second case, a
healthcare worker developed cryptococcal skin lesions at the
site of an inoculation of blood from a patient with cryptococ-
cemia [29]. A more recent case was described in which the
recipient of a lung transplant developed cryptococcal left
lower lobe pneumonia 2 days after transplantation [30].
Endotracheal cultures from postoperative day 2 were posi-
tive for C. neoformans, although donor lung cultures were
positive only for Rhodotorula species; however, develop-
ment of pulmonary cryptococcosis this early in the post-
transplant period suggests transmission by the donor organ.
Evidence supporting zoonotic transmission of Cryptococcus
has been reported [32-34]. In one description, a clinical iso-
late from a renal transplant recipient with cryptococcal men-
ingitis was indistinguishable on the basis of molecular
genotyping from an isolate present in the feces of the patient’s
pet cockatoo [32].

Cryptococcosis occurs in many patients without a recog-
nized immunologic defect, but the large majority of patients
have a predisposing factor or underlying disease [5]. Evidence
is convincing that patients with defects in T cell-mediated
immunity are at increased risk of developing cryptococcal
infection. Predisposing conditions include AIDS, systemic
corticosteroids, organ transplantation, lymphoreticular
malignancies, diabetes mellitus, pregnancy, and sarcoidosis
independent of steroid use (Table 1) [10, 35-39]. With the
advent of newer immunosuppressive therapies, especially
TNF-a inhibitors and monoclonal antibodies such as alemtu-
zumab, cryptococcosis is emerging in other patient popula-
tions [40-43]. Prior to the AIDS epidemic, up to 50% of
patients with cryptococcosis had no recognized T cell
immune defect or dysfunction [44, 45]. In a recent observa-
tional study of 306 HIV-negative patients with cryptococcosis,
21% had no significant immune dysfunction or other
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Table 1 Underlying diseases associated with cryptococcosis

HIV

Corticosteroids

Organ transplantation
Malignancy

CD4 T-cell lymphopenia
Connective tissue disease
Renal failure

Cirrhosis

Chronic lung disease
Immunosuppressive agents (monoclonal antibodies, TNF-o inhibitors)
Diabetes mellitus

Pregnancy

Sarcoidosis

Sytemic lupus erythematosus
Rheumatoid arthritis

predisposing condition to cryptococcosis [35]. In contrast,
among patients with a predisposing condition, chronic organ
disease and glucocorticosteroid use were most common [35].
Idiopathic CD4 lymphocytopenia has also been associated
with cryptococcosis in patients with no other predisposing
conditions for cryptococcosis [46, 47].

Before the era of highly active antiretroviral therapy
(HAART), the prevalence of cryptococcosis among patients
with AIDS was estimated to be between 5% and 10% [48,
49] Data from four United States geographic areas, prior to
use of HAART, showed the annual incidence of cryptococ-
cosis among patients with AIDS to range from 17 to 66 cases
per 1,000 persons [23]. In contrast, among non-HIV-infected
persons, the annual incidence ranged from 0.2 to 0.9 per
100,000 persons. In Europe, the prevalence of cryptococcosis
among AIDS patients is lower than that in the United States
[50, 51].

Although the widespread use of HAART has lowered the
incidence of cryptococcosis cases in medically developed
countries, the incidence and mortality rate of cryptococcosis
are still extremely high in areas in which there is limited
access to HAART and/or healthcare [50-55]. In Africa and
other developing areas, the prevalence of cryptococcosis in
patients with AIDS approaches 30% and is often an AIDS-
defining illness [56]. A recent study estimated that the global
burden of HIV-associated cryptococcosis approximates
1 million cases annually worldwide, resulting in more than
600,000 deaths per year by 3 months after infection [57].

Pathogenesis

Once C. neoformans is inhaled, transient colonization of the
airways occurs before subsequent spread and establishment
of respiratory infection. Given the widespread presence of
Cryptococcus in the environment, exposure is likely common.

However, the incidence of infection is very low, suggesting
that most people mount an appropriate host response when
exposed to the organism. Cryptococcus, after it enters the
body of a susceptible host, can produce latent infection or
acute disease. Development of disease appears to depend on
inoculum of inhaled organisms, virulence of the organism,
and interaction with the host’s cellular immune response. As
noted earlier, host defense, especially cell-mediated immu-
nity, is fundamental to protection from cryptococcal infec-
tions and is important in containing infection and producing
granulomatous inflammation [58].

After inhalation of the organism, the first line of defense
is the alveolar macrophage, followed by recruitment of other
inflammatory cells via chemokines and cytokines such as IL-12,
IL-18, and monocyte chemotactic protein-1 [39]. In addition,
complement-mediated phagocytosis appears to have an
important role in initial defense [59]. In vitro, alveolar mac-
rophages are able to bind and phagocytize C. neoformans in
the presence of human serum containing opsonins such as
C3 [60]. Macrophages from patients with HIV infection tend
to be impaired or defective in both oxidative-dependent and
oxidative-independent killing of C. neoformans [61].

If initial defense mechanisms in alveoli are ineffective,
cryptococci reach the bloodstream and disseminate to other
organs, such as the central nervous system (CNS) or prostate.
In such sites, additional defense mechanisms are needed to
thwart progressive infection. In vitro and in animal models,
other cells, including neutrophils, natural-killer cells, mac-
rophage-like microglial cells, and T cell lymphocytes can
kill or inhibit growth of cryptococci [62]. Cytokines, espe-
cially interleukin-2 and interferon-y, released by phagocytic
cells and lymphocytes, also appear to play an important role
in enhancing the killing of C. neoformans [10].

The role of humoral immunity in protection against
cryptococcal infections is controversial, but increasing
data indicate that this facet of the immune response may
play an important role. Antibodies to capsular constituents
facilitate clearance of cryptococcal antigen, enhancing
antibody-dependent cell-mediated killing and increasing
antifungal activity of leukocytes and natural killer cells
[63, 64]. In addition, an anti-beta-glucan monoclonal anti-
body has been shown to inhibit growth and capsule forma-
tion of C. neoformans [65].

Among several factors of virulence and pathogenicity for
C. neoformans and C. gattii, the best characterized include the
polysaccharide capsule, thermotolerance (ability to grow at
37°C), melanin pigment production, mannitol production, and
soluble extracellular constituents. Several in-depth reviews
are recommended for more detailed information about factors
of virulence, genetics, and pathogenicity [10, 66—68]. For a
particular C. neoformans isolate, virulence is attributed to
these different factors plus the interaction of the host’s immune
responses. Three of these factors will be discussed below.
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The polysaccharide capsule of C. neoformans is composed
of a backbone of a-1,3-D-mannopyranose units with single
residues of B-D-xylopyranosyl and B-D-glucuronopyranosyl,
and referred to as glucuronoxylomannan (GXM). The capsule
appears to be the key virulence factor for C. neoformans;
acapsular mutants are typically avirulent, whereas encapsu-
lated isolates have varying degrees of virulence [69]. The
capsule may sometimes protect the organism from host
defenses. Phenotypic switching in Cryptococcus can occur
in vivo during chronic infection, allowing for changes in the
polysaccharide capsule and cell wall that affect the yeast’s
ability to resist phagocytosis [70]. Encapsulated C. neofor-
mans cells are not phagocytized or killed by neutrophils,
monocytes, or macrophages to the same degree as acapsular
mutants [71]. In addition, highly encapsulated strains are less
able to stimulate T-cell proliferation, and do not enhance the
production of cytokines as well as poorly encapsulated or
acapsular strains [72, 73].

Melanin production also appears to be an important viru-
lence factor of C. neoformans, based on in vitro and animal
in vivo systems. For example, the role of melanin was first
demonstrated when naturally occurring C. neoformans
mutants lacking melanin were found to be less virulent in
mice than melanin-producing strains [74]. Melanin is depos-
ited in the inner cell wall of C. neoformans, and may resist
oxidation or reactive nitrogen intermediates produced by
phagocytes [75].

Another virulence mechanism of Cryptococcus is its abil-
ity to survive within either alkaline or acidic environment of
the phagolysosome of phagocytic cells, or bloodstream,
thereby allowing it to survive and disseminate. Recent stud-
ies suggest glycosphingolipid glucosylceramide is essential
for fungal growth in extracellular environments [76, 77].

Clinical Manifestations

Pulmonary Infection

Pulmonary cryptococcal involvement can manifest in a variety
of ways, ranging from asymptomatic airway colonization or
infection to fulminant respiratory failure with acute respira-
tory distress syndrome (ARDS) [78, 79]. Most patients are
asymptomatic, or will have only mild-to-moderate symp-
toms such as dyspnea, cough, malaise, pleuritic chest pain,
night sweats or, rarely, hemoptysis [80-82]. Constitutional
symptoms, such as fever, night sweats, and weight loss are
less common in HIV-negative patients unless extrapulmonary
disease is also present [80].

In the immunologically normal host, a diagnosis of respi-
ratory colonization with Cryptococcus can be made on the

basis of a positive respiratory tract culture without evidence
of pulmonary symptoms or abnormalities on chest radiogra-
phy. Limited data suggest that patients with colonization
often have underlying pulmonary pathology, such as chronic
obstructive pulmonary disease [27]. The diagnosis of coloni-
zation, particularly in the immunocompromised patient,
must be interpreted with caution. Because of the propensity
of Cryptococcus for dissemination to the central nervous
system (CNS), a thorough evaluation for extrapulmonary
sites of cryptococcal involvement in the immunocompro-
mised host is recommended [83].

The radiographic features of pulmonary cryptococcosis
are varied and influenced by the degree of immunosuppres-
sion of the patient. Findings may reveal lobar, patchy infil-
trates (Fig. 1); single or multiple nodular lesions (Fig. 2);
interstitial infiltrates; mediastinal or hilar adenopathy

w
Fig.1 CT showing severe bilateral cryptococcal lobar pneumonia and
prominent adenopathy in an AIDS patient

Fig.2 Well-circumscribed small mass/nodule in patient with underlying
systemic lupus erythematosus treated with corticosteroids
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(Fig. 3); circumscribed mass lesions (0.5-7 cm) (Fig. 4); or
less commonly, pleural effusions or cavitary lesions (Fig. 5)
[80, 84]. Radiographically, C. gattii infection manifests as
focal pulmonary disease and may be mistaken for malig-
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Fig.3 Cryptococcal lung disease manifest as prominent bilateral hilar
adenopathy plus nodule in right upper lobe and patchy pneumonitis in
right lower lobe in immunocompetent host

Fig. 4 Large, well-circumscribed cryptococcal mass lesion in right
upper lobe of immunocompetent host. Mass was excised surgically

nancy [85, 86]. In HIV-negative patients, solitary or multiple
pulmonary nodules may be seen in 60-80% of patients [80,
83, 87]. Focal or multifocal airspace consolidation is the next
most common radiographic pattern among HIV-negative
patients and is present in 10-30% of cases [80, 83, 88]. In
contrast, in patients with AIDS, the most common radio-
graphic abnormalities are diffuse, interstitial infiltrates, and
lobar, often mass-like, infiltrates [89, 90]. Pulmonary nod-
ules are less common, but are more likely to cavitate than
nodules in patients without immune compromise.
Comparison of pulmonary cryptococcal infection in AIDS
patients versus HIV-negative patients reveals other important
distinctions. In AIDS patients, pulmonary disease plus other
sites of involvement are more common. These patients may
have a more rapid clinical course, often associated with
increased mortality [90, 91]. The majority of AIDS patients
with cryptococcal pneumonia have constitutional symptoms,
in part explained by increased frequency of concomitant
extrapulmonary sites of cryptococcal infection, for example,
dissemination to the CNS [90]. The finding of pulmonary

Fig. 5 (a) Cryptococcal lung disease manifest as several irregular
nodules. (b) Note cavitation of left lung nodule shown on CT scan
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cryptococcosis in an AIDS patient warrants thorough evalu-
ation for CNS disease, even in the asymptomatic patient.

Central Nervous System Infection

The most common clinical manifestation of cryptococco-
sis is CNS infection, manifested typically as meningitis,
which can be subacute or chronic. The clinical presentation
and course of cryptococcal meningitis vary greatly and are
often related to the immune status or underlying condition
of the patient. In general, the signs and symptoms of cryp-
tococcal meningitis among AIDS patients and HIV-
negative patients are similar; however, in AIDS patients,
onset tends to be more acute, and the course more rapidly
progressive, perhaps explained by poor inflammatory
response and the high burden of organisms in these patients.
A wide range of symptoms and signs can be seen with
CNS cryptococcosis, but complaints are often mild or non-
specific and include headache, nausea and vomiting, and
malaise. In some instances, patients are even asymptom-
atic. Altered mental status, somnolence, and obtundation
may signify advanced disease and a poor prognosis [92].
Fever is typically low-grade, and is more likely to be pres-
ent in HIV-infected patients [92, 93]. Unlike in bacterial
meningitis, meningismus is uncommon. Cranial nerve
dysfunction may occur in up to 30% of patients, and may
result from increased intracranial pressure, cryptococcal
invasion of cranial nerves, or brain parenchymal lesions
(cryptococcomas). The most common symptoms and signs
of cranial nerve involvement include decreased visual
acuity, blindness, diplopia, hearing loss, and facial weak-
ness. Seizures, often a reflection of increased intracranial
pressure or focal mass lesions, tend to occur later in the
course of disease.

Increased intracranial pressure associated with cryptococ-
cal meningitis, especially among patients with AIDS, is a
prominent finding. An opening CSF pressure of >250 mm
H,0O is found in approximately half of patients with AIDS
[94-96]. In AIDS patients, high yeast burden is felt to be a
contributing factor to increased intracranial pressures [96].
Cryptococci may cause outflow obstruction by blocking pas-
sage of CSF across arachnoid villi. In addition, soluble cryp-
tococcal capsular polysaccharide may accumulate in
arachnoid villi, leading to alterations in CSF drainage [94].
Consequently, routine assessment of suspected cryptococcal
meningitis should always include manometry. Imaging of
the brain is also important to evaluate for hydrocephalus and
potential mass lesions; MRI is more effective than CT imag-
ing in identifying lesions [97, 98]. In a recent study evaluat-
ing neuroimaging findings in transplant patients with
cryptococcosis, outcomes tended to be worse in patients with

parenchymal lesions when compared with meningitis or
hydrocephalus [99].

Among HIV-negative patients with C. gattii infection,
intracranial infection is associated with more complica-
tions, especially cerebral cryptococcomas, than in patients
with C. neoformans infection [86, 100]. In AIDS patients,
other causes of brain lesions, such as Toxoplasma gondii
and lymphoma, should be considered. Among AIDS
patients with cryptococcal meningitis and increased intra-
cranial pressure, hydrocephalus is an uncommon finding
on brain imaging [101]. By contrast, in HIV-negative
patients with subacute or chronic cryptococcal meningitis,
the course is more likely complicated by hydrocephalus
caused by obstruction of flow due to inflammation of the
basilar meninges [102]. However, normal ventricular size
in the setting of increased intracranial pressure is not
uncommon [103].

Prognostic factors for cryptococcal meningitis have been
well characterized in both HIV-negative and HIV-infected
patients [45, 92, 93, 104, 105]. Important prognostic factors
include the patient’s underlying disease or predisposing con-
dition, the burden of organisms, titers of CSF cryptococcal
antigen, mental status at baseline, and the ability to mount an
inflammatory response in CSF [92]. For example, in AIDS
patients, fewer white blood cells on initial lumbar puncture
may signify poor prognosis [92]. Cryptococcal antigen
detection in the CSF may be of prognostic value in certain
patient populations. In HIV-negative patients with meningi-
tis, a CSF cryptococcal antigen of > 1:8 at the conclusion of
>1 month of therapy correlated with likelihood of relapse
[45]. Likewise, in AIDS patients, higher titers of CSF cryp-
tococcal antigen (> 1:1024) at baseline are predictive of
poorer outcomes [92]. In AIDS patients with meningitis,
serial measurement of cryptococcal antigen titers obtained
during acute therapy or prolonged suppression has little role
in management [106, 107].

Among treated patients with cryptococcal meningitis,
mortality rates vary from 5% to 25%, and most deaths occur
within the first few weeks of illness [92-94, 108]. Data sug-
gest that mortality in AIDS patients due to cryptococcosis
appears to be decreasing, but still remains a common out-
come in resource-limited settings [57, 109].

Skin Infection

Cryptococcal skin lesions are seen in up to 15% of patients
with disseminated cryptococcosis, and are most common in
HIV patients [10]. Skin disease may manifest as a variety of
cutaneous lesions, including pustules, papules, purpura,
ulcers, cellulitis, superficial granulomas or plaques, abscesses,
and sinus tracts [10, 39]. Cases of necrotizing cellulitis have
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also been described [110]. In AIDS patients, umbilicated
papules resembling molluscum contagiosum are present
frequently (Fig. 6) [111]. Cellulitis, characterized by promi-
nent erythema and induration, is often present in patients
receiving systemic corticosteroids or other immunosuppres-
sive therapy (Fig. 7) [112]. Cryptococcal skin lesions have
resulted rarely from local inoculation, predominately due to
laboratory accidents, but the majority of skin lesions result
from disseminated infection [113]. Primary cutaneous cryp-
tococcosis appears to be a distinct entity [114].

Fig. 6 Molluscum contagiosum-like umbilicated papules due to
cryptococcosis in the skin of an AIDS patient

Fig.7 Cryptococcal cellulitis in a corticosteroid-treated lung transplant
patient

Osteoarticular Infection

Cryptococcal lesions of the skeletal system are present in
fewer than 10% of patients with disseminated cryptococcosis
[115, 116]. Lesions often manifest with soft tissue swelling
and tenderness, but lack of symptoms is not uncommon.
A single skeletal site is involved most often, with vertebral
infection occurring most frequently [115]. On radiography,
well-circumscribed, osteolytic lesions, which may resemble
malignancy, are seen. Cryptococcal septic arthritis is rare,
and most often involves the knee joint [117].

Other Sites of Infection

Cryptococcal infection can involve many other sites and
organ systems. Because of the frequency of positive blood
cultures and disseminated disease, particularly in AIDS
patients, infection may involve virtually any organ. Not infre-
quently, cryptococcemia in the absence of a proven organ site
is discovered [118]. Additional nonmeningeal, extrapulmo-
nary sites of involvement include the prostate, kidneys, mus-
cle, liver, thyroid, sinuses, peritoneum, adrenals, esophagus,
heart and aorta, and eyes [39, 119-121]. The prostate gland
may also serve as a “sanctuary” for Cryptococcus pre- and
posttreatment [122, 123]. In one series of HIV-infected
patients treated successfully for cryptococcal meningitis,
cultures of urine were positive in 9 (22%) of 41 patients at
the end of therapy [123].

Immune Reconstitution Inflammatory
Syndrome

Immune reconstitution inflammatory syndrome (IRIS) has
become an important phenomenon in patients with AIDS
and cryptococcal meningitis and recently among transplant
recipients [124—127]. IRIS may occur following introduction
of HAART in the setting of AIDS with the restoration of
CD4 cells or decreasing immunosuppressive therapy in
transplant recipients with the reversal of a predominantly
Th2 to a Th1 proinflammatory response [128, 129]. Usually,
IRIS occurs in one of two scenarios: (1) after starting HAART
in patients with cryptococcosis or (2) as a paradoxical effect
in patients on HAART during cryptococcal treatment.

The incidence of IRIS is estimated to be between 4 and 16
cases per 100 person-years among AIDS patients [126] and
has a prevalence of 4.8% among solid organ transplant recip-
ients [127]. In a recent prospective study evaluating IRIS
among 65 HIV patients with cryptococcal meningitis who
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started HAART after initiation of antifungal treatment, IRIS
developed in 11(17%) patients at a median of 29 days from
starting HAART [124]. Patients with IRIS had greater
immune responses with HAART (on the basis of T cell
recovery) than non-IRIS patients, and IRIS did not appear to
be associated with increased mortality rates [124]. Among
organ transplant recipients, IRIS has occurred more fre-
quently in patients receiving potent immunosuppressive
therapy such as tacrolimus, mycophenolate mofetil, and
prednisone when compared with other less immunosuppres-
sive regimens [127].

IRIS may occur within a few days to many months after
HAART administration [125]. IRIS typically manifests as
meningitis, cryptococcomas, lymphadenitis, or hydrocepha-
lus. Often, symptoms can be confused as signs of treatment
failure or disease caused by other opportunistic infections. A
positive culture of blood, CSF, or tissue for C. neoformans,
obtained during evaluation for IRIS, excludes this diagnosis
and indicates active cryptococcal infection.

As of yet, there is no reliable way to establish the diagno-
sis of IRIS; however, risk factors for development of IRIS
among AIDS patients include previously unrecognized HIV
infection, CD4 cell count <7 cells/pL, fungemia, higher CSF
opening pressure, glucose and white blood cell counts, and
HAART initiation with 2 months of cryptococcosis diagno-
sis [125, 126]. Levels of CSF proinflammatory cytokines do
not appear to distinguish IRIS patients from those with cryp-
tococcal meningitis alone [124].

Diagnosis

The diagnosis of cryptococcosis can be made by using sev-
eral methods. A definitive diagnosis is made by culture and
identification of the organism from a sterile site. Clinical
specimens can be examined with an India ink preparation, a
rapid test which is performed by mixing an equal amount of
CSF or other fluid and nigrosin or Pelikan India ink on a
slide. After adding a coverslip and upon viewing, the poly-
saccharide capsule of Cryptococcus will exclude the ink par-
ticles and appear as a halo around the organism (Fig. 8). In
patients with cryptococcal meningitis, a positive India ink
preparation showing budding yeasts surrounded by a capsule
is a useful presumptive test for diagnosis. In AIDS patients
with cryptococcal meningitis, India ink preparation of CSF
will be positive in 60-80% of cases [92, 93], whereas in
HIV-negative patients the positivity rate is lower [35, 130].
Presumptive diagnosis of cryptococcosis can also be made
by wet preparations of clinical samples or with the use of
Gram stain. However, with these methods, the appearance of
cryptococci may be highly variable; therefore, culture should
be used for confirmation. Although not specific for the

cryptococcal cell wall, Calcofluor white staining may be use-
ful, particularly if few yeast cells are present.

The presumptive diagnosis of cryptococcosis is frequently
made on examination of tissue sections. On routine hema-
toxylin and eosin staining, C. neoformans is difficult to iden-
tify. However, Gomori-methenamine silver or periodic
acid-Schiff staining does allow identification; the organism
can be recognized by its oval shape, and narrow-based bud-
ding. With the use of mucicarmine staining (Fig. 9), the
organism will stain rose to burgundy in color and help dif-
ferentiate C. neoformans from other yeasts, especially
Blastomyces dermatiditis and Histoplasma capsulatum.

The diagnosis of cryptococcal meningitis is easier to
establish than the diagnosis of pulmonary cryptococcosis.
If cryptococcal meningitis is suspected, a lumbar puncture
should be performed. Abnormalities in CSF commonly
include elevated opening pressure, hypoglycorrhachia, ele-
vated protein, and a lymphocytic pleocytosis. In AIDS
patients with cryptococcal meningitis, the CSF formula

Fig. 8 India ink preparation showing Cryptococcus neoformans in
cerebrospinal fluid. Note budding yeast form and distinct outline of cell
walls and surrounding capsules

Fig. 9 Mucicarmine stain of brain parenchyma showing numerous
densely packed encapsulated cryptococci. Note variable size of capsules
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may be normal or show only minimal abnormalities [92].
However, elevated opening pressure is common and may be
seen in 50-70% of AIDS patients [94, 96]. In AIDS patients,
lack of white blood cells in the CSF is not unusual and may
reflect decreased or absent inflammatory response; further-
more, few white blood cells in CSF is a poor prognostic
sign [92].

The detection of cryptococcal polysaccharide antigen in
CSF or serum is useful in patients with suspected cryptococ-
cosis. After infection is established, cryptococcal polysac-
charide becomes solubilized in fluids and can be detected by
latex agglutination and quantified. Any positive cryptococcal
antigen titer in CSF should be correlated with clinical find-
ings. A titer of > 1:4 strongly suggests cryptococcal infec-
tion, particularly in the immunocompromised patient. In
cryptococcal meningitis, antigen testing is highly sensitive
and specific, and may be particularly useful if CSF cultures
are negative. Cryptococcal antigen is found in CSF in >90%
and in serum in >70% of patients with cryptococcal menin-
gitis. In AIDS patients with cryptococcal meningitis, sensi-
tivity of the CSF antigen test is even greater (approaching
95-99%) and titers are often higher, up to10° [92, 93]. The
utility of antigen testing is limited in patients with pulmo-
nary cryptococosis. Among HIV-negative patients with pul-
monary cryptococcosis, serum cryptococcal antigen will be
positive in 25-56% of cases [35, 131].

With cryptococcal antigen testing, it is important to use
proper controls to eliminate errors in testing. The presence of
rheumatoid factor may cause a false-positive result when
serum is tested, as will the presence of polysaccharide from
Trichosporon asahii (beigelii) or use of inactivated pronase
for testing [132]. In addition, false-negative cryptococcal
antigen results, although rare, may be due to low numbers of
organisms invading the CSF, infection by poorly or non-
encapsulated strains, high titers of antigen (prozone phenom-
enon), low titers of antigen, or immune complexes [10].

Either routine bacteriologic or fungal media will facilitate
culture of C. neoformans. Colonies are usually detected after
2-7 days of growth. In patients with AIDS and cryptococcal
meningitis, blood and CSF cultures will be positive in 55%
and 95%, respectively [92, 93]. In a recent study of HIV-
negative patients with cryptococcal meningitis, CSF cultures
were positive in 89% of patients tested [35]. For blood cul-
tures, the lysis-centrifugation (isolator) technique appears to
be the most sensitive method to identify C. neoformans
[133]. Use of canavanine-glycine-bromthymol blue (CGB)
agar will help to distinguish C. gattii from other Cryptococcus
species, as colonies of C. gattii will turn the agar blue, while
other species do not elicit a color change [13].

The methods of in vitro antifungal susceptibility testing
for C. neoformans against a variety of antifungal agents have
been standardized, although interpretive breakpoints for the
antifungal agents against C. neoformans have yet to be

defined [134]. Most C. neoformans isolates appear suscepti-
ble to available antifungal agents, including amphotericin B,
flucytosine, fluconazole, itraconazole, voriconazole, and
posaconazole [135—-137]. However, the echinocandin class
of antifungals has poor activity against C. neoformans [138].
Several reports indicate the potential for microbiologic resis-
tance to fluconazole and clinical failure among patients with
cryptococcosis [124, 139—141]. Susceptibility testing should
be reserved for patients who have failed primary therapy, for
those who relapse after apparently successful primary ther-
apy, and for those who develop cryptococcosis with a history
of recent exposure to an azole agent.

Treatment

The treatment of cryptococcosis is decided on the basis of
sites of involvement and the underlying immunologic status
of the patient. The treatment recommendations and refer-
ences herein are closely aligned with recent consensus guide-
lines from the Infectious Diseases Society of America [142].
Please refer to these guidelines for more information. For
patients with pulmonary disease, the aims of therapy are to
eradicate disease and to prevent dissemination to the CNS.
For patients with CNS disease, the aims of therapy are to
eradicate or control the infection, adequately manage
elevated intracranial pressure, and prevent long-term neuro-
logic sequelae. Prior to 1950, before the availability of
amphotericin B, surgical intervention for pulmonary disease
was the only therapeutic option available, and cryptococco-
sis was associated with high mortality rates.

With the availability of amphotericin B in the 1950s and
its use as a single agent for cryptococcosis, outcomes were
significantly improved, but adverse reactions to amphoteri-
cin B were frequently encountered. Flucytosine was found to
be an effective drug in vitro for cryptococcosis, and became
available for clinical use in 1972 [143]. It was used with
moderate success for cryptococcal meningitis and pneumo-
nia; however, single-drug therapy with flucytosine led to
rapid emergence of resistance, and flucytosine use as a single
agent has, for the most part, been abandoned [143].
Combination therapy with amphotericin B and flucytosine,
first employed in a large clinical trial in 1979, resulted in
treatment success in 60-85% of patients [45, 130]. In addi-
tion, the availability of the triazoles in the early 1990s led to
simplification of the primary regimen for cryptococcal men-
ingitis, utilizing, for example, shorter courses of combina-
tion amphotericin B and flucytosine followed by prolonged
oral therapy with azoles, primarily fluconazole, and good
efficacy [92, 93]. Recently, studies of another combination
therapy, amphotericin B and fluconazole, have shown encour-
aging results [144, 145].
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Treatment of the HIV-Negative Patient
Pulmonary Infection

The presentation of pulmonary cryptococcosis in the HI'V-
negative patient can vary widely, ranging from coloniza-
tion, to asymptomatic disease, to fulminant pneumonia or
ARDS [81]. Treatment data from clinical trials among
HIV-negative patients with pulmonary infection are lim-
ited, and questions remain about which populations require
therapy and the optimal dosage and duration of therapy
(Table 2) [35, 146, 149]. The only prospective data con-
cerning the treatment of pulmonary cryptococcosis are
available from trials involving CNS infections among HIV-
negative patients, where resolution of pulmonary disease
was not a trial end point [45, 130]. Although few studies,
particularly in the era of effective azole therapy, have
addressed risk factors for CNS dissemination among
patients with pulmonary cryptococcal infection, most
authorities recommend lumbar puncture in immunocom-
promised patients and those with systemic symptoms [81,
83, 142]. A recent study of 166 HIV-negative patients with
pulmonary disease identified high-dose corticosteroids,
weight loss, headache, and altered mental status as base-
line predictors of meningitis [83].

In patients with normal immunologic function and coloni-
zation (defined as positive respiratory tract cultures with neg-
ative chest radiograph and absence of symptoms), observation

is recommended. Immunocompetent patients with an
abnormal chest radiograph and asymptomatic disease or
mild disease often have done well without therapy, as was
common prior to the availability of oral azole antifungals
[81, 147, 156]. However, with the availability of oral azole
therapy, most immunocompetent patients with pulmonary
disease are treated [82].

In contrast, all patients with immune compromise and
colonization should receive therapy. If a decision to treat is
made, oral fluconazole at a dosage of 400 mg/day for 6-12
months is recommended [146, 148, 149]. In HIV-negative
patients with immunocompromising conditions and asymp-
tomatic or mild-to-moderate disease, treatment should be
initiated both to prevent CNS dissemination as well as to
eradicate symptoms [81, 131]. Fluconazole at a dosage of
400 mg daily is a suitable regimen and is associated with
improvement in >80% of cases [35, 146, 149]. Therapy
should continue beyond resolution of symptoms and chest
radiographic abnormalities. Most experts recommend ther-
apy for 6-12 months’ duration [142, 146, 149].

The optimal length of therapy has not yet been determined
from clinical trials, but factors to be considered include reso-
lution of symptoms and radiographic findings, persistent
immunosuppression, underlying disease, and duration of ele-
vated serum cryptococcal antigen titer. Itraconazole, 200—-400
mg daily; voriconazole, 200 mg twice daily; or posaconazole,
400 mg twice daily can be used as alternatives if fluconazole
is unavailable or contraindicated [151, 152]. However, there

Table 2 Treatment of cryptococcal Infection in the HIV-negative patient

Pulmonary disease
A. Colonization®
1. Observation in the immunocompetent patient
2. Fluconazole 400 mg daily for 612 months
B. Asymptomatic or minimally symptomatic disease
1. Fluconazole 200-400 mg/day for 6—12 months [35, 146-148]
Alternative: Close observation without therapy is a consideration
C. Mild-to-moderate disease
1. Fluconazole 200—400 mg/day for 6-12 months [35, 146—149]

Alternative: (1) Itraconazole 200—400 mg/day for 6—12 months [150]
(2) Voriconazole 200 mg twice daily or posaconazole 400 mg twice daily for 6-12 months [151, 152]

D. Severe or progressive disease, or azole drug not an option

Amphotericin B 0.5-1.0 mg/kg/day for a total dose of 1-2 g. This may be followed by oral fluconazole in selected patients [35, 81, 146]
Alternative: (1) Regimens similar to those used for CNS disease, as described below
(2) Surgical resection in selected cases refractory to therapy

CNS disease

Amphotericin B 0.5-1.0 mg/kg/day plus flucytosine 100 mg/kg/day for 2—4 weeks followed by fluconazole 400 mg/day, for 8-10 weeks

(93]

Amphotericin B, 0.5-1.0 mg/kg/day plus flucytosine 100 mg/kg/day for 6-10 weeks [45, 130]
Note: Lipid formulations of amphotericin B (liposomal AmB 3-6 mg/kg/day or ABLC 5 mg/kg/day) may be substituted in patients with

intolerance to amphotericin B deoxycholate) [153—155]
Adjunctive therapy: see text
Maintenance therapy

Fluconazole 200 mg/day for at least 6 months should be considered for patients with persistent immunosuppression, i.e., transplant

recipients [129]

*Colonization is defined as a positive respiratory tract culture without signs or symptoms of pulmonary disease or radiographic abnormalities
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are few data examining these drugs for the treatment of
pulmonary cryptococcosis, much of which evaluates use after
treatment failure or drug intolerance.

For HIV-negative patients with severe pulmonary disease
or progressive disease, or for whom azole therapy is not an
option, most experts would recommend an amphotericin B
formulation, with or without flucytosine, as initial therapy
for 2-6 weeks, followed by fluconazole [142]. For organ
transplant recipients, given the risk of nephrotoxicity associ-
ated with concurrent AmB and calcineurin inhibitors, lipid
formulations of AmB as induction therapy are preferable for
severe non-CNS disease [129].

The role of surgery in patients with pulmonary cryptococ-
cosis is limited [35, 131, 147]. Surgical intervention for pul-
monary cryptococcosis may be required for removal of large
mass lesions or areas of persistent focal radiographic abnor-
malities that are refractory to antifungal therapy.

CNS Infection

Early studies among HIV-negative patients with CNS cryp-
tococcosis were important in defining the efficacy of combi-
nation therapy with amphotericin B and flucytosine and
duration of therapy among immunocompromised patients
[45, 130]. In the first prospective study of cryptococcal men-
ingitis in 50 HIV-negative patients, combination therapy with
low-dose amphotericin B (0.3 mg/kg/day) plus high-dose
flucytosine (150 mg/kg/day) given for 6 weeks was com-
pared to amphotericin B therapy alone (0.4 mg/kg/day) given
for 10 weeks [130]. Combination therapy resulted in higher
rates of cure and improvement, fewer relapses, and more
rapid sterilization of CSF (P < .001). Adverse reactions to
flucytosine occurred in 11 (32%) of 34 patients, necessitat-
ing discontinuation of flucytosine in 6. While the authors
concluded that combination therapy was superior to ampho-
tericin B alone, concerns were expressed about the low dosage
of amphotericin B and high dosage of flucytosine used in the
two arms of the study.

The next prospective study attempted to better address
duration of therapy among HIV-negative patients with crypto-
coccal meningitis by comparing combination therapy with
amphotericin B (0.3 mg/kg/day) and flucytosine (150 mg/kg/
day) for 4 versus 6 weeks [45]. Note that the treatment regi-
mens employed here were similar to those used in the initial
trial [130]. In the second study, 91 patients were randomized
to receive either 4 (45 patients) or 6 (46 patients) weeks of
therapy. Among randomized patients treated for 4 weeks, cure
or improvement was noted in 75%, compared with 85% cure
or improvement among patients treated for 6 weeks. Patients
who received 4 weeks of therapy had a higher relapse rate
(27%) when compared with patients who received 6 weeks of
therapy (16%). Toxicities of the regimens in both groups were

similar and were most often azotemia, leukopenia, and diarrhea.
Among 23 nonrandomized transplant recipients who were
protocol-adherent, 16 (70%) of 23 were cured or improved,
but 7 (30%) relapsed. From this study, significant baseline
predictors of a favorable response included headache, normal
mental status, and a CSF white cell count above 20/mm?®. The
authors concluded that important considerations in determin-
ing duration of therapy should include the patient’s underly-
ing disease and immune status and severity of meningitis.

Few other studies are available which address treatment
of cryptococcal CNS disease in HIV-negative patients, and
none have been randomized or controlled [35, 146]. Dromer
and colleagues reviewed retrospectively 83 cases of menin-
geal and extrameningeal cryptococcosis in HIV-negative
French patients, with emphasis on the comparison of effi-
cacy of amphotericin B and fluconazole [146]. Patients with
more severe infections, such as meningitis, or those with
higher CSF cryptococcal antigen titers, were more likely to
receive amphotericin B. However, a subgroup of 25 patients
received fluconazole alone for cryptococcal meningitis; 68%
were cured with this regimen. A more recent retrospective
study by Pappas and colleagues reported findings in 306
patients from 15 US medical centers [35]. As in the Dromer
study, patients with CNS disease were more likely to receive
amphotericin B, alone or in combination. The most common
regimen employed was induction therapy with amphotericin B
and flucytosine, followed by consolidation therapy with
fluconazole as described for HIV-infected patients. Of 107
patients who received induction therapy with amphotericin B
and flucytosine, 90 (84%) were cured or improved. In this
study, only 8 of 154 patients with meningitis were treated
with fluconazole alone; 7 were cured or improved.

Many of the treatment recommendations for HIV-negative
patients with CNS cryptococcal disease have been extrapo-
lated from results of more recent studies in HIV-infected
patients [92, 93, 153, 154]. Specific issues addressed by
these studies include use of higher doses of amphotericin B
(0.5-1.0 mg/kg/day) [92, 93, 155]; substitution of lipid
amphotericin B formulations in patients with renal insuffi-
ciency [153-155]; and treatment with an “induction” regi-
men of amphotericin B plus flucytosine for 2 weeks followed
by a “consolidation” regimen with fluconazole for an addi-
tional 8—12 weeks [93]. For details on these studies, see the
section on treatment of CNS disease in HIV-infected patients.
For organ transplant recipients, given the risk of nephrotox-
icity associated toxicity with concurrent AmB and calcineu-
rin inhibitors, lipid formulations of AmB as induction therapy
are preferable for CNS and severe non-CNS disease [129].
The authors favor the “induction/consolidation” approach
for the treatment of cryptococcal meningitis in HIV-negative
patients, especially for organ transplant recipients [93, 142].

For CNS infections caused by C. gattii, treatment recom-
mendations are similar for those patients with CNS infection
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secondary to C. neoformans. However, because of the
frequency of cerebral cryptococcomas in patients with C.
gattii, management is best guided by imaging studies.

Other Sites of Infection

HIV-negative patients present infrequently with cryptococcal
disease at other sites in the absence of pulmonary or CNS
infection. Other infections may include skin lesions,
abscesses, cryptococcemia, or positive urine cultures. Among
solid organ transplant patients, it has been observed that those
who received tacrolimus were less likely to have central ner-
vous system involvement and more likely to have skin, soft-
tissue, or osteoarticular involvement when compared to
patients receiving non tacrolimus-based immunosuppression
[157]. In HIV-negative patients, few studies address treat-
ment for these entities [35]. For the majority of patients, treat-
ment is recommended; however, no preferred regimen has
been identified. In a retrospective review of 40 HIV-negative
patients with cryptococcal disease at non-CNS and nonpul-
monary sites, 36 (90%) received antifungal therapy, and 25
(63%) were successfully treated [35]. Multiple regimens were
used: 20 evaluable patients received amphotericin B alone or
in combination with flucytosine or fluconazole, and 12 (60%)
of these 20 were cured or improved; 12 other patients received
fluconazole alone and all were cured or improved.

Maintenance Therapy

Although no prospective studies have addressed the use of
maintenance or suppressive therapy for HIV-negative patients
who have been successfully treated for cryptococcal disease,
many experts recommend 6—12 months of additional mainte-
nance therapy with oral fluconazole, 200 mg/day, for selected
patients who remain persistently immunocompromised after
initial treatment. Among solid organ transplant recipients, the
relapse rate of cryptococcosis after 6 months of maintenance
therapy is minimal [129]. A recent observation noted that cryp-
tococcal CNS parenchymal lesions may persist radiographi-
cally for months or years after completion of therapy, and do
not necessarily signify relapse or recurrence of disease [158].

Treatment of the HIV-infected Patient

Pulmonary Infection

The diagnosis of cryptococcal pneumonia in HIV-infected
patients is difficult, as the clinical signs and symptoms and
radiographic findings can often be nonpecific and mimic

disease by other pathogens. Because HIV-related cryptococcal
pneumonia is associated frequently with dissemination, a sys-
tematic evaluation with blood and CSF cultures and CSF and
serum cryptococcal antigen testing is recommended in HIV-
infected patients with a positive respiratory tract culture for
Cryptococcus [142]. Because there have been no controlled
trials that evaluate the treatment of pulmonary cryptococcal
infection in HIV-infected patients, the treatment of choice and
duration of therapy have yet to be elucidated (Table 3).

HIV-infected patients who are asymptomatic, or have
mild-to-moderate symptoms with positive respiratory tract
cultures, may be good candidates for therapy with oral
fluconazole, 200-400 mg daily. Itraconazole, 200400 mg
daily, may be used as a second-line oral therapy [150]. For
patients with severe or progressive pulmonary disease, or for
patients who cannot tolerate azole therapy, treatment should
be similar to recommendations for CNS disease, as described
below, and in Table 3.

Length of therapy for cryptococcal pneumonia should be
6—12 months. For HIV-infected patients on HAART with
CD4 count >100 cells/uL. and decreasing or stable crypto-
coccal antigen titers (< 1:512), discontinuation of mainte-
nance therapy can be considered [166]. For a detailed
discussion of this topic, see the section on maintenance ther-
apy under treatment of the HIV-infected patient with CNS
infection.

CNS Infection

Many important trials focusing on the treatment of crypto-
coccal meningitis have been conducted in the HIV-infected
population during the last two decades. These studies have
demonstrated the efficacy of higher doses of amphotericin B
used as primary induction therapy, the safety and efficacy of
oral azole antifungal drugs in the treatment of CNS disease,
and the importance of adequate management of elevated
intracranial pressure associated with cryptococcal meningitis.
The principle of rapid fungicidal activity should be the focus
of the induction strategy, and a sterile CSF culture at 2 weeks,
associated with a favorable outcome, as in previous studies,
should be a goal [93, 169].

Based on success rates of 75-85% in earlier studies of
combination therapy with amphotericin B and flucytosine
among HIV-negative patients with cryptococcal meningitis
[45, 130], AIDS patients with CNS disease were treated ini-
tially with combination therapy for prolonged periods.
However, early reports during the late 1980s suggested that
use of flucytosine in HIV-infected patients was frequently
associated with cytopenias, and offered no survival benefit or
improvement in relapse rate when compared to single therapy
with amphotericin B [170]. Because of concerns for flucyto-
sine toxicity, decreased success rates, and the evolving
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Table 3 Treatment of cryptococcal infection in the HIV-infected patient

Pulmonary disease
A. Asymptomatic or mild-to-moderate disease

Fluconazole 400 mg/day for 6-12 months depending on immune reconstitution® [88, 91, 148]
Alternatives: Itraconazole 400 mg/day 6—12 months depending on immune reconstitution® [150]
Fluconazole 400 mg/day plus flucytosine 100 mg/kg/day for 10 weeks [159]

B. Severe, progressive disease
Regimens similar to those for CNS disease (see below)
CNS disease

Amphotericin B 0.7-1.0 mg/kg/day plus flucytosine 100 mg/kg/day for 2 weeks followed by fluconazole 400 mg/day for 8—12 weeks [92, 93]
Alternative: Itraconazole 400 mg/day may be substituted for fluconazole

Amphotericin B 0.7-1.0 mg/kg/day for 4—-6 weeks [92]

Amphotericin B 0.7 mg/kg/day plus fluconazole 800 mg/day for >8 weeks [145]
Note: Lipid formulations of amphotericin B (liposomal AmB 3-6 mg/kg/day or ABLC 5 mg/kg/day) may be substituted in patients with

intolerance to amphotericin B deoxycholate) [153-155]

Fluconazole 400 mg/day plus flucytosine 100 mg/kg/day for 10 weeks [159, 160]

Fluconazole 800-1200 mg/day for 10-12 weeks [161, 162]
Itraconazole 200 mg/day for 10-12 weeks [150, 163]
Maintenance therapy*
Fluconazole 200 mg/day [106, 164, 165]
Alternatives: Amphotericin B 1 mg/kg/week [106]
Itraconazole 200-400 mg/day [165]

4Lifelong maintenance therapy may be discontinued in selected patients who achieve immune reconstitution with highly active antiretroviral

therapy [166-168]

availability of the potent oral azoles fluconazole and itracon-
azole, subsequent studies evaluated novel regimens for pri-
mary therapy of CNS cryptococcal disease [92, 163, 171].

In a small study in the late 1980s of 21 patients with AIDS
and cryptococcal meningitis, Larsen and colleagues com-
pared combination therapy with amphotericin B (0.7-1.0
mg/kg/day) plus flucytosine (150 mg/kg/day) to fluconazole
(400 mg/day) alone [171]. Clinical and mycologic failure
was more common in patients who received fluconazole,
particularly in patients with severe disease. In fact, the study
was discontinued prematurely because of the higher mortal-
ity rate in fluconazole-treated patients. An important finding
in this study was the successful treatment in all six patients
who received higher doses of amphotericin B as part of the
combination regimen. In a second small study of 28 patients
with presumed cryptococcal meningitis by De Gans and col-
leagues, reported in 1992, itraconazole, 200 mg twice daily,
was compared to combination therapy with amphotericin B
(0.3 mg/kg/day) plus flucytosine (150 mg/kg/day), both
administered for 6 weeks [163]. Among patients who
received itraconazole, 5 (42%) of 12 achieved a complete
response, compared with all 10 patients who received ampho-
tericin B plus flucytosine.

In contrast to these two small trials, two large sequential
trials were conducted jointly by the National Institute of
Allergy and Infectious Diseases (NIAID) Mycoses Study
Group (MSG) and the NIAID AIDS Clinical Trials Group
(ACTG) in the 1990s. The initial trial compared amphoteri-
cin B (0.3 mg/kg/day) with fluconazole (200 mg/day) in the
treatment of AIDS-associated cryptococcal meningitis [92].

Flucytosine as combination therapy with amphotericin B
was optional, and was utilized in only nine patients. Treatment
was successful in 34% of 131 fluconazole recipients, com-
pared with 40% of 63 amphotericin B recipients. The mortal-
ity rate was similar in both groups: 18% in patients who
received fluconazole versus 14% in patients who received
amphotericin B (P = .48). However, the mortality rate during
the first 2 weeks was higher among patients receiving flucon-
azole, and conversion of CSF cultures to negative was less
rapid in fluconazole-treated patients. While this study showed
no significant difference between the two arms, the results
emphasized the need for a more effective primary regimen
for the treatment of cryptococcal meningitis.

The second joint study was conducted to evaluate higher
doses of amphotericin B, lower doses of flucytosine, and the
safety and efficacy of oral azoles in the treatment of AIDS-
associated CNS cryptococcosis [93]. Patients were random-
ized to receive 2 weeks of induction therapy with combination
amphotericin B (0.7 mg/kg/day) plus flucytosine (100 mg/
kg/day) (202 patients) or amphotericin B alone (0.7 mg/kg/
day) (179 patients). At the end of 2 weeks of therapy, if entry
criteria were met, patients were again randomized to receive
8 weeks of consolidation treatment with oral fluconazole,
400 mg/day, or oral itraconazole, 400 mg/day. At the end of
2 weeks, CSF cultures for C. neoformans were negative in
60% of patients who received combination amphotericin B
and flucytosine, compared with 51% of amphotericin B alone
treated patients (P = 0.06). However, clinical outcomes at
2 weeks did not differ significantly between the two groups.
At the end of the 10-week induction and consolidation
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treatment period, clinical responses were also similar
between the two groups, with 68% of fluconazole-treated
patients responding, compared with 70% response among
itraconazole-treated patients. Negative CSF cultures were
observed in 72% of patients who received fluconazole, com-
pared with 60% of patients who received itraconazole. The
addition of flucytosine in the first 2 weeks and treatment with
fluconazole over the next 8 weeks were independently asso-
ciated with CSF sterilization. The use of higher-dose ampho-
tericin B plus lower-dose flucytosine was associated with
more effective CSF sterilization and decreased mortality at 2
weeks when compared with previous studies of combination
therapy. Fluconazole and itraconazole were both effective as
consolidation therapy, although fluconazole appeared to lead
to more rapid CSF sterilization. This trial established the
concept of “induction” and “consolidation” therapy as an
attractive and effective treatment regimen for CNS
Cryptococcosis.

Additional evidence supporting the efficacy of amphoteri-
cin B plus flucytosine as induction therapy treatment was
obtained from a randomized trial that evaluated four differ-
ent antifungal regimens. Sixty-four AIDS patients with first
episode cryptococcal meningitis were randomized to receive
primary therapy with amphotericin B (0.7 mg/kg daily),
amphotericin B (0.7 mg/kg plus flucytosine 100 mg/kg
daily), amphotericin B (0.7 mg/kg plus fluconazole 400 mg
daily), or a triple-drug regimen consisting of amphotericin B,
flucytosine, and fluconazole at the above doses [172]. The
primary end point of this study was the rate of reduction in
CSF cryptococcal colony-forming units from serial quantita-
tive CSF cultures obtained on days 3, 7, and 14 of treatment.
Amphotericin B plus flucytosine achieved clearance of cryp-
tococci from CSF significantly faster than amphotericin B
alone, amphotericin B plus fluconazole, and triple-drug ther-
apy. Logistic regression analysis demonstrated that cerebral
dysfunction and high counts of C. neoformans per milliliter
of CSF at baseline were independently associated with early
mortality.

A recent cohort study with 208 HIV-positive and -nega-
tive patients with cryptococcal meningitis also showed the
success of amphotericin B plus flucytosine therapy for 14
days over any other induction regimen among patients with
severe cryptococcosis [173]. The risk of failure was 26% in
the combination group, compared with 56% with other treat-
ments (P < 0.001). Less than 14 days of flucytosine was also
independently associated with treatment failure at 3 months
in 168 cases of cryptococcosis [173]. A third trial evaluated
amphotericin B (0.7 mg/kg/day vs 1.0 mg/kg/day) combined
with flucytosine; the regimen utilizing higher-dose amphot-
ericin B was more fungicidal with manageable toxicity, but
there was no difference in 2- and 10-week mortality [108].

For HIV-infected patients with cryptococcal meningitis
and renal insufficiency, lipid formulations of amphotericin

B may be substituted. Clinical experience suggests that
combination therapy with lipid formulations of amphoteri-
cin B is effective; however, only a few trials have evaluated
these formulations [153—-155, 174]. The optimal dosages of
lipid formulations of amphotericin B have not yet been deter-
mined. Response rates of 66-86% were seen in patients
receiving amphotericin B lipid complex [153, 174], and in
80% of patients receiving liposomal amphotericin B at a
dose of 4 mg/kg/day [155]. An additional study with lipo-
somal amphotericin B showed clinical response in 18 (78%)
of 23 patients [154].

Although less well studied, other therapeutic options for
CNS cryptococcal disease in HIV-infected patients have
been employed, but are considered second-line options to the
induction/consolidation options above. In a very recent study
of 143 randomized patients, the combination use of amphot-
ericin B (0.7 mg/kg/day) plus fluconazole (800 mg/day)
demonstrated satisfactory outcomes compared to amphoteri-
cin B alone and may be a reasonable approach to therapy in
settings where flucytosine is not available or contraindicated
[145]. In this phase II study, the 14-day end point of success
in the amphotericin B alone, amphotericin B plus flucon-
azole 400 mg/day (6 mg/kg), and amphotericin B plus flu-
conazole 800 mg/day (12 mg/kg) was 41%, 27%, and 54%,
respectively. If this combination is used, the higher flucon-
azole dose is recommended. Combination therapy with flu-
conazole and flucytosine appears more effective than
fluconazole alone, but is also more toxic [159, 160]. Primary
therapy with either fluconazole or itraconazole alone admin-
istered for 10-12 weeks has also been evaluated in several
trials, with variable responses [92, 150, 161-163]. If flucon-
azole is used alone, then higher daily doses should be admin-
istered. Notably, low success rates at 800 mg/day have been
substantially improved with 1,200-2,000 mg/day [175].
When using higher daily doses of fluconazole, divided doses
are recommended to minimize gastrointestinal toxicity.

Maintenance Therapy

After initial successful treatment of cryptococcal meningitis
in AIDS patients, high relapse rates have been demonstrated
in patients who did not receive lifelong suppressive or chronic
maintenance therapy [164]. A placebo-controlled trial evalu-
ated the effectiveness of fluconazole as maintenance therapy
for AIDS patients who received successful therapy for cryp-
tococccal meningitis with amphotericin B with or without
flucytosine [164]. Relapse occurred in 15% of patients in the
placebo group, compared with 0% in fluconazole-treated
patients, thereby establishing the need for maintenance
therapy in this population.

Subsequently, a randomized comparative trial conducted
by the NIAID-MSG and NIAID-ACTG demonstrated the
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superior efficacy of oral fluconazole (200 mg daily) to
intravenous amphotericin B (1 mg/kg weekly) for mainte-
nance therapy [106]. Relapses of symptomatic cryptococcal
disease were seen in 18% and 2% of patients receiving
amphotericin B and fluconazole, respectively (P < .001). In
addition, patients receiving amphotericin B had more
frequent adverse events and associated bacterial infections.

The NIAID-MSG and NIAID-ACTG conducted another
trial comparing oral fluconazole (200 mg daily) with oral
itraconazole (200 mg daily) for 12 months as maintenance
therapy for CNS cryptococcal disease [165]. Fluconazole
proved to be superior; the trial was terminated prematurely
after interim analysis revealed that 23% of itraconazole-
treated patients relapsed, compared with only 4% of flucon-
azole-treated patients (P = .006). Furthermore, the trial
showed that risk of relapse was increased if the patient had
not received flucytosine during the initial 2 weeks of primary
therapy for cryptococcal meningitis (P = .04). These studies
established fluconazole as the drug of choice for maintenance
of cryptococcal disease in HIV-infected patients.

Until recently, maintenance or lifelong suppressive ther-
apy has been recommended for all AIDS patients after suc-
cessful completion of therapy for acute cryptococcosis [166].
Studies suggest that risk of recurrence of cryptococcosis in
AIDS patients is low, provided patients have successfully
completed primary therapy for cryptococcosis, are free of
symptoms of cryptococcosis, and have achieved immune
reconstitution with HAART therapy [167, 168, 176]. For
example, a prospective, multicenter trial conducted among 42
AIDS patients in Thailand randomized patients to continue or
discontinue maintenance fluconazole therapy when the CD4
cell count had increased to >100 cells/uL and an undetectable
HIV RNA level had been sustained for 3 months [168]. At a
median of 48 weeks of observation, there were no episodes of
relapse of cryptococcal meningitis in either group.

A second retrospective multicenter study was conducted
among 100 patients with AIDS living in six different coun-
tries [167]. Inclusion criteria were a proven diagnosis of
cryptococcal meningoencephalitis, a CD4 cell count of >100
cells/uL while receiving HAART, and the subsequent dis-
continuation of maintenance antifungal therapy. No relapse
or death occurred during a median period of 26.1 months
when patients were receiving both HAART and maintenance
therapy for cryptococcal meningitis. After discontinuation of
maintenance therapy, four relapses occurred (incidence 1.53
cases per 100 person-years) during a median period of obser-
vation of 28.4 months. This illustrates that careful follow-up
of patients who discontinue maintenance therapy is
necessary.

Collectively, these results indicate that maintenance ther-
apy for cryptococcal meningitis may be safely discontinued
in most patients (1) responding to HAART with a CD4 cell
count >100/uL and an undetectable or low HIV RNA level

sustained for >3 months and (2) receiving at least 1 year of
antifungal drug exposure with close patient follow-ups and
serial cryptococcal serum antigen tests. Reinstitution of
fluconazole maintenance therapy should be considered if
CD4 count drops below 100/puL and/or serum cryptococcal
antigen titer rise. Some authorities recommend a lumbar
puncture to confirm CSF sterility prior to discontinuation of
maintenance therapy.

The decision of when to initiate HAART in the treatment
of coinfection with Cryptococcus and HIV to avoid IRIS
remains uncertain. Recent studies suggest earlier initiation of
HAART within 2 weeks may be possible without triggering
an unacceptable increase in the frequency or severity of IRIS
[177]. In some clinical settings, long delays in HAART can
place patients at risk for dying of other complications of HIV
infection. It is also important to anticipate complications of
drug interactions with HAART and antifungal drugs.

Adjunctive Therapy

As mentioned previously, elevated intracranial pressure is a
common finding in cryptococcal meningoencephalitis, espe-
cially among patients with AIDS. Furthermore, a very high
opening pressure at baseline may be associated with more
frequent headaches and meningismus, pathologic reflexes,
early death, and overall increased mortality rates [94]. The
treatment of persistent elevated intracranial pressure is aimed
at reducing CSF volume, either by repeated lumbar puncture
or lumbar or ventricular drainage. If intracranial pressures
cannot be adequately reduced with frequent lumbar punc-
tures, lumbar drain placement or ventriculostomy may be
necessary for CSF removal [102]. Intraventricular shunting,
via ventriculoperitoneal shunt, is often reserved for patients
with hydrocephalus or persistently elevated pressures. In
HIV-negative patients with persistently increased intracra-
nial pressure and no evidence of hydrocephalus on imaging
studies, placement of a ventriculoperitoneal shunt may also
be life-saving [103]. Moreover, shunting is not typically
associated with dissemination of cryptococcal infection into
the peritoneum or bloodstream [102]. Medical therapy
including the use of acetazolamide, mannitol, or corticoster-
oids is not useful in the management of increased intracra-
nial pressure in cryptococcal meningoencephalitis [178].

Prevention and Control

Prevention of cryptococcal disease is difficult because
C. neoformans is ubiquitous in the environment and only
causes sporadic disease. Because of the morbidity and mortality
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associated with CNS cryptococcal disease, and the increased
incidence of cryptococcosis in patients with advanced HIV
infection, primary prophylaxis has been studied in AIDS
patients in several prospective trials [179, 180]. Although
fluconazole and itraconazole have been shown to reduce the
frequency of primary cryptococcal disease among those who
have CD4 counts <50 cells/uL, a survival benefit has not
been established. In addition, concern exists for the develop-
ment of azole-resistant fungi if widespread antifungal pro-
phylaxis is employed. For these reasons and the concern for
drug interactions, medication compliance, and costs, primary
prophylaxis for crytococcosis is not routinely recommended
[179, 180]. However, in areas in which availability of
HAART is limited, HIV drug resistance is high, and inci-
dence of cryptococcal disease is very high, prophylaxis or
pre-emptive strategies with use of serum cryptococcal anti-
gen might be considered [181].

Asymptomatic cryptococcal antigenemia is a well-docu-
mented clinical condition in advanced HIV disease, and its
prevalence has ranged between 4% and 12% per year in cer-
tain populations [182-186]. Antigenemia preceded symp-
toms of meningitis by a median of 22 days in one study in
Uganda and, when not detected, made appearance of disease
unlikely over the subsequent year [187]. Cryptococcal anti-
genemia has been shown to be associated with increased
mortality rates among those initiating HAART, and persons
with antigenemia are at theoretical risk for the “unmasking”
form of cryptococcal IRIS [128]. The precise management
of asymptomatic antigenemia remains uncertain, but an
aggressive diagnostic and pre-emptive therapeutic stance
may be warranted in areas with increased incidence.
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