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1. INTRODUCTION

Cryptococcus neoformans is a yeast-like fungus that is pathogenic to both animals and man. It was
first isolated in 1894 by Busse (1) from a patient with osteomyelitis of the tibia. The fungus is a
saprophitic organism that can be found in soil, on a variety of fruits, as well as in close association
with pigeon nests (2,3). There are two varieties of C. neoformans: C. neoformans var. neoformans
and C. neoformans var. gattii. Each of these varieties, in turn, has two serotypes: A and D for var.
neoformans, and B and C for var. gattii. In addition, there have been reports of human infections
caused by two other Cryptococcus species: C. albidus and C. laurentii.

Infection with C. neoformans is usually acquired by its inhalation. Although the fungus is com-
mon in pigeon feces, the birds are not clinically infected (4). There is no observation of human-to-
human transmission of the disease (5).

Cell-mediated immunity seems to provide the major defense against cryptococcal infections, leaving
patients with compromised cell-mediated responses (lymphoma, leukemia, sarcoidosis, and those
patients receiving corticosteroid therapy) more vulnerable and, therefore, more likely to develop a
cryptococcal infection (6–15). The alveolar macrophages represent the initial host’s defense against
the cryptococcal pathogen and may arrest infection before dissemination occurs. To this end, experi-
ments by Ieong et al. (16) have shown that the innate fungicidal activity of primary human alveolar
macrophages against C. neoformans was impaired after HIV-1 infection in vitro by a mechanism that
might have involved a defect of intracellular antimicrobial processing. Also, human neutrophils are
known to inhibit and kill C. neoformans in vitro and are thought to play an important role in the host’s
defense against cryptococcosis through both oxidative and nonoxidative mechanisms (17).

Aguirre et al. (18) have demonstrated that both interferon-γ (IFN-γ) and tumor necrosis factor-α
(TNF-α) were important factors in mediating acquired resistance to cryptococcal meningoencephalitis.
To this end, Kawakami et al. (19) found that in mice with defective IL-12 production, IL-18 contrib-
uted to the hosts’s resistance to cryptococcal infection through the induction of IFN-γ production by
natural killer (NK) cells, but not through the development of Th1 cells, under the condition in which
IL-12 synthesis was deficient.

Cryptococcosis may develop as an acute, subacute or chronic pulmonary, systemic or meningeal
mycosis. Although the pulmonary form is usually transitory, mild and often asymptomatic, the
involvement of the central nervous system (CNS) is manifested by subacute or chronic meningitis
that in immunocompromised hosts could be life-treatening. Cases of patients with idiopathic CD4+

T-lymphocytopenia accosiated with CNS cryptococcosis have also been reported (20).
During dissemination of the disease, skeletal and visceral lesions may occur. Nearly all of the

immunocompromised patients are likely to develop disseminated cryptococcosis (21,22) with sus-
ceptibility to infection being reported for the skin (23–27), bone (28), prostate (29), kidney (30), eyes
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(31,32), liver (33–35), spleen (36), adrenals (36,37) lymph nodes (24,35,38,39), and the gastrointes-
tinal tract (40). Although infrequently, deep cryptococcal infections of the breast have been reported
(41). Hypereosinophilia in disseminated disease has also been observed (42).

Larsen et al. (43) reported a persistent cryptococcal infection of the prostate in AIDS patients even
after an adequate therapy with amphotericin B alone or in combination with flucytosine; this obser-
vation suggest the possibility of the prostate serving as a sequestered reservoir of infection from
which systemic relapse may occur. To this end, cryptococcal prostatitis in a patient with Behcet’s
disease was also described (44).

The co-existence of different diseases within the same lesion could be a distinct possibility in
patients with HIV infection. In this context, there have been several reports of simultaneous Kaposi’s
sarcoma and cutaneous cryptococcosis occuring at the same site in a patient with AIDS (45). Limbal
nodules and multifocal choroidal lesions due to C. neoformans may also occur in AIDS patients (46).
Benard et al. (47) have presented case reports of two patients with immunodeficiency secondary to
paracoccidiodomycosis and opportunistic cryptococcosis. Secondary immunodeficiency likely
occured as a consequence of the intestinal loss of proteins and lymphocytes associated with malab-
sorption syndrome due to obstructed lymphatic drainage; both patients had severe abdominal
involvement during the acute paracoccidiodomycosis disease (47).

Molnar-Nadasdy et al. (48) have described a unique case of placental cryptococcosis in a pregnant
mother with systemic lupus erythematosus (SLE) and steroid treatment. Although there were no
clinical or placental signs of transplacental infection, immunohistochemical labeling of villous stro-
mal cells showed a conspicuously increased number of fetal macrophages.

In patients with AIDS, cryptococcal infections are often associated with high relapse rate and poor
response to treatment (49–53). Currently, cryptococcosis is considered to be the one of the most life-
threatening mycoses in patients with AIDS (54–60). Munoz-Perez et al. (61) have described dissemi-
nated cryptococcosis presenting as molluscum-like lesions as the first manifestation of AIDS.

Although a common opportunistic mycosis in adults, cryptococcosis complicating pediatric AIDS
have also been well-documented (62).

In the majority of patients with normal immunity, cryptococcosis is confined to the lung or the
hilar nodes (21,63–68) and will hardly require any antifungal therapy (21,69,70). Occasionally, cryp-
tococcal osteomyelitis has also been described in normal hosts (71). Cutaneous cryptococcosis in the
nonimmunocompromised host is also a rare entity, and when it does occur, it presents with protean
manifestations making clinical diagnosis difficult (72,73). One unusual case of progressive pulmo-
nary disease in an immunocompetent patient presenting as a discrete endobronchial cryptococcoma
has been reported by Emmons et al. (60). Mahida et al. (71) also reported a patient with endobron-
chial cryptococcal obstruction. Cryptococcal meningitis with severe visual and hearing loss and
radiculopathy was described in an immunocompetent patient (75), as well as CNS cryptococcosis
with multiple intraventricular cysts (76). The development of adult respiratory distress syndrome
(ARDS) caused by pulmonary cryptococcosis in an immunocompetent host has been reported (77).

By far, cryptococcal meningitis is the most dangerous form of the disease. Because some of the
patients with cryptococcal meningitis may be asymptomatic (6,8,78–80) it is important that the cere-
brospinal fluid (CSF) be examined whenever C. neoformans is isolated or detected from any site. The
onset of cryptococcal meningitis would most likely be insidious, but often it is acute in cases of severely
immunocompromised hosts. In the latter case, if untreated, the infection is always fatal (6,81–84).

2. TREATMENT OF CRYPTOCOCCOSIS

The choice of therapy for cryptococcal disease largely dependent on both the anatomic site of
infection and the patient’s immune status (88).

Presently, there are no clinical trials to evaluate the outcome of therapy for AIDS-related crypto-
coccal pneumonia. The optimal therapeutic approaches for management of cryptococcal meningitis,
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especially in AIDS patients with underlying T-cell dysfunction, and those with neoplasia or on corti-
costeroid therapy, are also not completely defined and still subject to discussion (Table 1) (85–88).

Currently, the most recommended therapy for cryptococcosis in HIV-negative immuno-
compromised patients with pulmonary disease and non-CNS involvement, consists of amphothericin
B alone or in combination with flucytosine for the first 2 wk, followed by fluconazole both to com-
plete initial treatment and provide a lifelong maintenance therapy (88).

Although fluconazole and itraconazole have been associated with response rates of 50–60%,
amphotericin B is still the drug of choice for inducing a rapid clearance of the fungus, and therefore,
a preferable option for initial therapy. Results from a recently completed large clinical trial (MSG 17/
ACTG 159) (85) have indicated that initial treatment for 2 wk with amphotericin B (0.7 mg/kg once
daily), followed by triazole (fluconazole at 400 mg daily, or itraconazole at 400 mg daily) therapy for
further 8 wk resulted in mortality rate of less than 8%, which is substantially lower than that of
previous studies (89).

Based on the results of a retrospective review of 30 consecutive AIDS patients with cryptococcal
infection (median CD4+ count of 0.042 × 109 cells/L) given fluconazole at 400 mg daily, Nightingale
(90) supported the use fluconazole as initial therapy for AIDS-associated cryptococcosis in these
patients. In fact, in the largest comparative study (91) there was no difference in the response rates
associated with amphotericin B and fluconazole.

Studies by Haubrich et al. (92) have also shown that a high-dose (800 mg daily) of fluconazole
was well-tolerated by HIV-infected patients and appeared effective primary therapy for cryptococcal
disease in AIDS patients.

First-line fluconazole therapy (200–400 mg daily) has also been found effective and well-toler-
ated in patients with AIDS-associated nonmeningeal cryptococcosis (93).

Table 1
Treatment of Cryptococcosis in Immunocompromised Patients

Patients Site of infection Drug Regimens

HIV-negative Pulmonary and Amphotericin B 0.7–1.0 mg/kg, daily + flucytosine
non-CNS involvement 100 mg/kg, daily for 2 wk, then fluconazole 400

mg, daily for at least 10 weeksa,b,c

CNS involvement Amphotericin B 0.7–1.0 mg/kg, daily for 2 wk,
then fluconazole 400-800 mg, daily for 8–10 wk,
followed by lower dose fluconazole (200 mg, daily)
for 6–12 mob,c

HIV-positive Pulmonaryd Fluconazole 200–400 mg, daily for life;
Itraconazole 200–400 mg, daily for life;
Fluconazole 400 mg, daily + flucytosine 100–150
mg/kg, daily for 10 wka

CNS involvement Amphotericin B 0.7–1.0 mg/kg, daily + flucytosine
100 mg/kg, daily for 2 wk, then fluconazole 400
mg, daily for at least 10 wke

aPatients receiving flucytosine for over 2 wk should be monitored for renal toxicity.
bFor patients with significant renal disease, lipid formulation of amphotericin B may be used. Intrath-

ecal or intraventricular amphotericin B may be used in refractory cases where systemic administration of
antifungal therapy had failed.

cFor patients who cannot tolerate fluconazole, itraconazole (200 mg, b.i.d.) may be taken instead.
dMild-to-moderate symptoms. In patients with more severe disease, amphotericin B should be used

initially until symptoms are controlled, and then substituted with an oral azole antimycotic (preferably
fluconazole).

eInduction/consolidation therapy. In cases where flucytosine is not tolerated, amphotericin B (at the
same doses) alone is an acceptable alternative. Lipid amphotericin B may also be used in patients with
renal insufficiency.
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The standard therapy of disseminated cryptococcosis, particularly of cerebral manifestations, is
still amphotericin B-flucytosine combination (59,86). The use of high-dose oral fluconazole for treat-
ment of disseminated cryptococcosis has also been recommended (94).

Disease relapses are frequent in AIDS patients (20–60%) if a long-term maintenance therapy is
not applied promptly. In this regard, fluconazole at 200 mg daily has shown to be superior than
itraconazole at the same dosage level (85).

Fluconazole has also been used prophylactically (95–97). At 200–400 mg daily, it reduced signifi-
cantly the incidence of cryptococcosis (and mucosal candidiasis), especially in AIDS patients with
CD4+ counts of less than 50 cells/mm3.

2.1. Amphotericin B
Before the introduction of chemotherapy, 86% of all cases of cryptococcal infections associated

with neurological involvement were fatal within one year of onset (84), with death usually resulting
from raised intracranial pressure producing cerebral compression. Amphotericin B, which has been
in use for treatment of cryptococcosis since the 1950s, is still one of the most frequently applied
therapeutic agents against this infection (98,99). Thus, following the introduction of amphotericin B,
cure rates as high as 85% have been reported (100).

When given intravenously at daily doses of up to 1.0–1.5 mg/kg (or every other day), amphotericin
B accounted for as high as 64% cure rate of patients with cryptococcal meningitis (5). In AIDS patients
with cryptococcal meningitis, continuing weekly infusions of amphotericin B after the standard course
of therapy has been completed, apparently offered some degree of protection against relapse (101).

A typical primary course of therapy may consist of amphothericin B given daily for at least 4 wk
with a total dose ranging from 1.60 to 2.76 g (mean 2.11 g), whereas a maintenance therapy would
include treatment with 40–100 mg/wk of amphotericin B ranging from 0.7–1.5 mg/kg body weight
(101). It should be emphasized that although a maintenance therapy with this antibiotic will not
necessarily provide a total protection against relapse of cryptococcosis in patients with AIDS, the
weekly maintenance regimen with amphotericin B is still a recommended current practice that may
be carried out indefinitely with AIDS patients who had survived their primary course of antifungal
therapy (102,103). However, the continued infusion of amphotericin B is not without a danger and
may cause toxicity making it unacceptable to many patients (101).

The total dose of the antibiotic administered during primary therapy may be highly variable; this,
in addition to the requirement for maintenance therapy (which may become a life-long treatment)
will make the end point of amphothericin B therapy not well defined. Thus, in one study (103)
involving 48 cases of cryptococcosis complicating AIDS, the cumulative amphotericin B dosage
administered to the time of clinical response (defervescence and resolution of symptoms in 48% of
the patients) varied between 0.1 and 1.76 g; in the majority of patients, the clinical response was
noted early in the treatment when the average cumulative dose was 0.4 g (103).

In a study involving 31 consecutive AIDS patients with cryptococcal disease (28 with meningitis,
and 3 with disseminated extrameningeal cryptococcosis), investigators (104–106) have examined the
efficacy and safety of a short-course primary treatment with relatively high dose of amphotericin B at
1.0 mg/kg daily for 14 d (26 patients also received flucytosine at 100–150 mg/kg daily, given either
intravenously or orally), followed by maintenance therapy with fluconazole or itraconazole. Success-
ful therapy was defined as the resolution of symptoms and negative cultures of CSF and/or blood 2
mo after the initial diagnosis. The therapeutic regimen was successful in 29 (93.5%) of all 31 cases,
and in 26 (92.8%) of the 28 cases of culture-proven or presumed cryptococcal meningitis; treatment
failed in two patients.

A therapy comprising amphotericin B and flucytosine, if maintained over a period of 6 wk,
although showing a high rate of success, had also required a permanent relapse prevention (56). With
regard to prevention therapy, oral fluconazole could be very effective and is considered by some
investigators to be the drug of choice (56).
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As reported by Zugar et al. (49) and Kovacs et al. (50), in spite of antifungal medication, the
mortality rate resulting from cryptococcal meningitis in AIDS patients has ranged from 17–35%, and
was 25% in patients having persistently positive cultures (50). By comparison, the relapse rate in
non-AIDS patients was between 0% and 35% (6,10,107).

Polsky et al. (108) have conducted a retrospective study evaluating the use of intraventricular
application of amphotericin B in cases of cryptococcal meningitis in non-AIDS patients. Death dur-
ing therapy occured in only one of the six patients who had received intraventricular and systemic
therapy, and in six of the seven patients on systemic therapy alone. No major adverse effects were
reported with the intraventricular administration of the drug. However, the preliminary information
in AIDS patients did not provide much encouragment because those patients who received intraven-
tricular amphotericin B did not show any therapeutic benefits (48,49). In addition, the treatment was
often complicated by infection of the ventricular shunt and chemical arachnoiditis (consisting of
fever, headache, and CSF pleocytosis) forcing the premature discontinuation of the intraventricular
therapy (49,50).

An earlier long-term study involving 31 patients with cryptococcal meningitis receiving intrave-
nous amphotericin B (with half of the patients on intrathecal therapy as well) had shown an overall
mortality rate of 45% of which 39% was due to cryptococcal meningitis (8). Roberts and Douglas
(109) reported a successful amphotericin B therapy (with a total dose of 3.0 g) in one case of crypto-
coccal meningitis accompanied by cryptococcemia. In another study, Sapico (110) described the
disappearance of focal cryptococcal brain lesion following intravenous infusion of amphotericin B at
gradually increasing doses (a total of 3.0 g), whereas Bastin et al. (111) applied the drug to cure a case
of cryptococcal meningitis associated with polyradiculitis.

Although amphotericin B therapy greatly improved the prognosis of patients with cryptococcal
meningitis, overall, there are still important clinical limitations associated with its use, including
modest efficacy, nephrotoxicity, and the inconvenience of intravenous application (112).

Ambisome®, an unilamellar liposomal formulation of amphotericin B, was used in the treatment
of cryptococcal meningitis in three patients; clinical and mycological remission were observed in two
of the patients, with the remaining one showing improvement (113). Coker et al. (114) described a
successful treatment of cryptococcal meningitis with liposomal amphotericin B after failure of treat-
ment with fluconazole and conventional amphotericin B. Schurmann et al. (115) investigated the safety
and efficacy of liposomal amphotericin B in treating AIDS-associated disseminated cryptococcosis.

Japanese scientists (116,117) have described an unusual therapy of cryptococcal meningitis consist-
ing of small doses of amphotericin B, a large dose of prednisolone, and a continuous removal of CSF.

An individual case of a patient with a solid intracranial cryptococcal granuloma in the motor
cortex area was treated initially with intrathecal and intravenous amphotericin B; because no regres-
sion of the granuloma was observed, a subsequent gross total surgical excision was successfully
performed (118). There are several other reports of combined treatment of intracranial cryptococcal
infection with surgery and systemic amphotericin B (119–122).

Intrathecal administration of amphotericin B has been routinely performed by usage of subcutane-
ous CSF reservoir. The latter comprised a subcutaneous dome of siliconized rubber that can fit into a
cranial burr hole with a catheter extending from the dome into a lateral cerebral ventricle
(107,123,124). Schonheyder et al. (125) observed some complications following intrathecal infusion
of amphotericin B using the Rickham reservoir; mainly a persistent infection resulting from the pres-
ence of the reservoir.

A renal-transplant recipient who was on immunosuppressive medication (prednisone, azathio-
prine) and with developed pulmonary cryptococcosis was successfully treated with intravenous
amphotericin B (126). In this regard, a Japanese study (127) indicated a poor prognosis of antifungal
therapies for cryptococcal infections in renal transplant recipients; thus, only one of six patients
survived following the graft. Although amphotericin B was found most effective, its nephrotoxicity
has always been of prime concern in graft survival.
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Shindo (128) has found amphotericin B superior to fluconazole, itraconazole, miconazole, and
flucytosine (given in various combinations) in the treatment of one patient with cryptococcal menin-
gitis and slight azotemia caused by hypertensive nephrosclerosis.

A diabetic patient with isolated adrenal cryptococcosis (characterized with fungal granuloma and
poorly encapsulated pathogen) was treated successfully with surgery and medication with amphoteri-
cin B; after a 7-mo follow-up period, there was no evidence of recurrence or dissemination (129).

The use of intravenous amphotericin B in nine cases involving pulmonary cryptococcosis was also
reported (130).

Amphotericin B when used at cumulative doses of 189–551 mg, effectively decreased the sys-
temic infections in patients with lymphocytic lymphoma and progranulocytic leukemia (131). Fajardo
(132) has reported the failure of topical amphotericin B to cure cutaneous cryptococcosis in a patient
who previously had Hodgkin’s disease in a cervical lymph node; the topical treatment comprised 3%
amphotericin B ointment in a polyethylene and mineral oil gel base applied four times daily. In
another case report, Kojima et al. (133) described a successful treatment by amphotericin B of acute
lymphocytic leukemia (ALL) complicated with a generalized cryptococcosis.

Mycotic endocarditis is a rare fungal infection (134,135). Colmers et al. (2) described a successful
therapy of C. neoformans-induced endocarditis manifesting fungemia with intravenous amphotericin
B (total dose of 1.58 g).

2.1.1. Toxicity of Amphotericin B
Toxicity studies included a follow-up evaluation of 53 patients treated with amphotericin B. The

patients showed an increase in the blood urea nitrogen, acute and permanent nephrotoxicity (age- but
not dose-dependent), and a transient reduction of the creatinine clearance during therapy (136). The
antibiotic has also been used in cases of pregnancy complicated with cryptococcosis and showing no
clinical damage to the fetus (137,138). Li and Lai (139) observed acute visual loss in a patient with
SLE and cryptococcal meningitis who was receiving a test dose (1.0 mg) of intravenous amphotericin
B; caution was recommended in using the anibiotic in cases of cryptococcal meningitis when a desease
of the optic nerve is strongly suspected.

2.2. Combinations of Amphotericin B with 5-Fluorocytosine and Other Drugs
Currently, the combination of amphotericin B and 5-fluorocytosine is one of the most frequently

used for the treatment of cryptococcosis (140). According to Armstrong (141), therapy of invasive
cryptococcosis should include daily doses of amphotericin B (1.0 mg/kg, intravenously) and oral
flucytosine (100 mg/kg daily, divided in 4 doses) for a duration (or total dose) depending on the
patient’s response; maintenance therapy of fluconazole (200 mg daily) is often required and can be
administered indefinitely.

Concerning the mechanism of combined amphotericin B/5-FC treatment, it is thought that ampho-
tericin B at low doses would potentiate (142,143) the uptake of the flucytosine, thus facilitating a
synergistic effect (144).

In 1978, Jimbow et al. (145) reported an evaluation of the therapeutic effectiveness of amphoteri-
cin B and flucytosine, alone and in combination, in 28 patients with cryptococcal meningitis. The
combined regimen (at 0.35 mg/kg amphotericin B daily, i.v., and 150 mg/kg daily of oral flucytosine)
was significantly more effective than either drug given alone, both in terms of toxicity and shorter
duration of treatment.

Bennett et al. (146) conducted a prospective, uncontrolled trial of 15 patients with cryptococcal
meningitis to compare a combined therapy of intravenous amphotericin B and oral flucytosine (a 6-wk
trial) with amphotericin B given alone (a 10-wk trial). Results showed that as compared to
monotherapy with amphotericin B, the combination cured more patients with fewer failures or
relapses, more rapid sterilization of CSF (p < 0.001), and less nephrotoxicity (p < 0.05). The applied
regimens were as follows: (1) combination therapy: 0.3 mg/kg of amphotericin B daily, i.v., and 150
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mg/kg of 5-FC daily, divided in 6 hourly oral doses; and (2) amphotericin B alone: 0.4 mg/kg daily,
i.v. for 42 d, followed by 0.8 mg/kg every other day for 28 d (146).

In order to reduce potential toxicity without compromizing the efficacy, Dismukes et al. (51)
conducted a multicenter, prospective, randomized clinical trial of 194 patients having cryptococcal
meningitis. The trial was designed to compare the efficacy and toxicity of 4- vs 6-wk regimens (iden-
tical with those applied by Bennett et al. [146]) of combined amphotericin B/5-fluorocytosine therapy.
Cure or improvement was observed in 75% of those patients who were treated for 4 wk, and in 85%
of those treated for 6 wk, with relapse rates of 27% and 16%, respectively, and a similar incidence of
toxicity (44 and 43%, respectively). Based on the results of the trial, the investigators recommended
that the 4-wk regimen be applied to patients having no neurological complications, underlying
disease or immunosuppressive therapy; patients who do not meet these criteria should be receiving
for at least 6 wk the combined amphotericin B/5-fluorocytosine treatment (51). Alternatively,
MacGregor (147) suggested a modified therapy involving a relatively short course of amphotericin B
treatment (3–4 wk) combined with a longer course of 5-fluorocytosine medication. It was assumed
that the period necessary for the pathogen to develop a resistance towards 5-FC is early in the treat-
ment when the cryptococcal population is in its peak; therefore, a short initial period of combined
therapy (involving the use of amphotericin B) would be sufficient to reduce the cryptococcal popu-
lation and thereby, the possibility of developing a resistance towards flucytosine. In turn, such thera-
peutic regimen will allow for a more extended course of single 5-FC therapy and less of amphotericin
B-induced toxicity (147).

In an earlier study, Utz et al. (10) described the treatment of 15 patients with cryptococcal menin-
gitis with a combination of low-dose intravenous amphotericin B (20 mg daily) and oral flucytosine
(150 mg/kg daily); 53% of the patients were reported cured with no relapse. Other reports have
indicated that increasing the doses of the antibiotic to conventional levels (0.6–1.0 mg/kg daily)
improved the cure rate of patients on a single amphotericin B therapy to 47–58%; repeated courses of
amphotericin B treatment increased the cure rate even further (61–67%) (6,8,9).

Schmutzhard and Vejajjiva (148) conducted a trial of 24 patients with cryptococcal meningitis
using as therapy amphotericin B (1.0 mg/kg daily, i.v.) and oral flucytosine (150 mg/kg daily). None
of the patients received corticosteroid therapy. The duration of treatment ranged from 56–104 d.
Upon completion, none of the patients died. However, four patients had a relapse within 6 mo; an
overall relapse rate of 17% was observed in spite of the higher total dosage of amphotericin B and 5-FC
and longer duration of therapy.

In addition to data already discussed, there have been reports from various groups that indicate
that, in general, the difference between amphotericin B administered alone, or as part of combined
therapy with flucytosine, has not been statistically significant (49,50,149). Furthermore, 5-FC would
be difficult to consider for AIDS patients because of its adverse bone marrow-suppressive (149,150)
and gastrointestinal (51) effects, which often are superimposed on symptoms caused by the human
immunodeficiency virus (HIV) (151,152). After reviewing the records of 106 patients with crypto-
coccal infections and AIDS (criteria considered included: efficacy of treatment with amphotericin B
alone or in combination with flucytosine, efficacy of suppressive therapy, prognostic clinical charac-
teristics, and the course of nonmeningeal cryptococcosis), Chuck and Sande (153) concluded that
addition of flucytosine to amphotericin B neither enhanced survival nor prevented relapse, but long-
term suppressive therapy appeared to be beneficial. Nevertheless, in a significant number of patients,
the flucytosine medication had to be stopped because of cytopenia (153,154).

Cryptococcal infections associated with the CNS can be manifested as focal granulomatous lesions
that may contribute to increased mortality (often exceeding 50%). A case report of cerebral
cryptococcoma linked to cryptococcal meningitis was treated successfully with a short course of
intravenous amphotericin B and oral flucytosine (155). The combined therapy consisted of 20 mg
daily of amphotericin B and 150 mg/kg daily of 5-FC for a period of 6 wk, after which the antibiotic
was administered alone at a dose of 50 mg given every other day until a total dose of 2.16 g of the
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antibiotic had been dispensed. The observed side effects (parasthesia of the hands, edema of the
ankles, increased serum creatinine level [168 mol/L], and a lowered serum potassium level [to 3.0
mmol/L]) were transitory (155). One case of cryptococcal meningoencephalitis, which developed
after 9 yr of corticosteroid therapy, was resolved successfully with amphotericin B and flucytosine
(for 6 wk) and with itraconazole (for another 8 wk) (156).

Systemic treatment with amphotericin B and flucytosine led to resolution of choroidal infiltrates
in two AIDS patients with optic edema and cryptococcal choroiditis (157). Picon et al. (158) success-
fully treated with amphotericin B and flucytosine an AIDS patient with cutaneous cryptococcosis
manifecting as molluscum contagiosum-like skin lesions.

Tobias et al. (159) reported the treatment of two patients with Hodgkin’s disease and cryptococcal
meningitis with amphotericin B and oral flucytosine; amphotericin B was administered intrathecally
as well as by a rapid low-dose intravenous injection.

Watson et al. (160) described a long-term study (spanning over 11 yr) that involved treatment of
cryptococcal infection in renal-transplant recipients on continued immunosuppressive therapy (pred-
nisolone). The treatment of cryptococcosis, which consisted of combination amphotericin B (0.3–0.5
mg/kg daily, i.v.) and/or oral flucytosine (150 mg/kg daily) led to cure in 10 of 11 patients. In order
to preserve graft viability in those patients with stable renal function at the time of diagnosis, mainte-
nance immunosuppressive therapy was continued throughout the antifungal medication (160). Previ-
ous reports (12,161,162) suggested the need to reduce or even to discontinue the immunosuppressive
therapy in order to achieve a cure of cryptococcal infection in cases of renal transplantation. Kong et
al. (163) treated cryptococcal meningitis in eight cases of renal transplant recipients with SLE. The
therapy comprised amphotericin B and flucytosine; at the time of medication all patients were also
receiving immunosuppressive therapy (steroids in association with either azathioprine or
cyclosporine) (163). Kimura et al. (164) described the successful treatment of a case of SLE compli-
cated with cryptococcal meningitis using combination of amphotericin B and 5-FC.

Pulmonary cryptococcosis with an early systemic spread was managed with combination amphot-
ericin B, and flucytosine; following that, a rapid 1-h intravenous infusion of amphotericin B (30 mg) on
alternative days was instituted as an outpatient maintenance therapy for a period of approx 6 wk (165).

Cryptococcal osteomyelitis (manifested either as a single bone lesion or a systemic illness in addi-
tion to osteomyelitis), has been described on several occasions (166–169). Poliner et al. (40) dis-
cussed a case of cryptococcal cervical vertebral osteomyelitis that was cured with oral 5-FC (150 mg/
kg daily) and amphotericin B (0.3 mg/kg daily, i.v.) for 6 wk with no evidence of systemic toxicity or
relapse. In another case (170), a patient who developed osteomyelitis of the skull due to crypto-
coccosis was successfully treated with amphotericin B and flucytosine.

An AIDS patient who presented with oral lesion of cryptococcosis (gingival ulceration) was suc-
cessfully cured with amphotericin and flucytosine given over a 4-wk period (171).

Iida et al. (172) described the successful treatment of cryptococcal meningitis with combined
amphotericin B-ketoconazole therapy.

Echevarria et al. (173) reported a case of pulmonary cryptococcosis that was treated successfully
with combination of amphotericin B and ketoconazole.

A “fungus ball,” which developed in an inactive tuberculosis cavity, was treated with infusion of
amphotericin B (total dose of 2.4 g) and sodium iodide (total of 56 g over a 30-d period) directly into
the cavity through an indwelling percutaneously inserted endobronchial catheter for a period of 3 mo. A
marked improvement was observed without any complications caused by the use of the catheter (174).

2.2.1. Toxicity of Amphotericin B-5-Fluorocytosine Combinations
In view of the existing toxicity of both amphotericin B and flucytosine (especially the negative

effect of the latter on the bone marrow), medication of cryptococcal infections with combination of
these two drugs should be considered very carefully when severely immunocompromised patients
(advanced state of AIDS) are involved. Thus, in a multicenter, prospective randomized trial (175)
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that lasted for either 4 or 6 wk, the treatment with intravenous amphotericin B (0.3 mg/kg daily) and
oral 5-FC (150 mg/kg daily) of 194 patients with cryptococcal meningitis led to the development of
one or more adverse side effects in 103 patients. The toxicity included azotemia (51 patients), renal
tubular necrosis (2 patients), leukopenia (30 patients), thrombocytopenia (22 patients), diarrhea (26
patients), nausea/vomiting (10 patients), and hepatitis (13 patients). Overall, both the 4- and 6-wk
regimens were complicated by toxicity in 44 and 43% of the patients, respectively. In general, the
observed side effects appeared during the first 2 wk of therapy in 56%, and during the first 4 wk in
87% of the patients (175).

Shindo et al. (176) observed, alongside improvement, the presence of granulocytopenia and throm-
bocytopenia in one patient given concomitantly amphotericin B and low-dose flucytosine (50 mg/kg
daily); it was suggested that both side effects might have been the result of toxic reactions by
flucytosine in the azotemic state caused by amphotericin B. In another example, Bryan and McFarland
(177) reported a fatal bone-marrow applasia in one patient with multiple myeloma and cryptococcal
meningitis, following medication of the infection with combined amphotericin B and flucytosine (a
total of 151 mg and 30.5 g, respectively). Although amphotericin B is considered beneficial in reduc-
ing the flucytosine toxicity on the bone marrow, again, caution should be in order with patients
having hematologic malignancies and where a reduced marrow reserve is suspected (178).

2.3. 5-Fluorocytosine (5-FC)
In 1965, flucytosine was first introduced in the therapy of cryptococcosis (178,179). The drug is

effective orally and also readily absorbed. Over 90% of it is excreted in the urine within the first 48 h;
the observed levels in the CSF were half those present in the plasma (180,181).

Although encouraging, earlier studies on the clinical usefulness of 5-FC against cryptococcal
infections were carried out only with a limited number of patients. For example, when 5-FC (100 mg/
kg daily, given in 4 oral doses for 20 wk) was applied to one patient following excision of multiple
intracerebral supperative cryptococcal granulomas, the drug was well-tolerated and the patient was
apparently free of cryptococcal infection 1 yr after the end of medication (182). However, a rapid
development of resistance towards 5-FC by C. neoformans is commonly observed (183). This has
been especially true for patients receiving less than 150 mg/kg daily of the drug at the onset of the
infection when the cryptococcal population is at its peak (183).

Consequently, in the therapy of either cryptococcal meningitis or pulmonary cryptococcosis, 5-FC
alone was found often inadequate for a successful treatment because of the development of resistance.
According to one study (184), only 30% cure rate was observed while relapses and failures resulting
from development of drug resistance were common (185–187). For this reason, the use of flucytosine
alone limits its use in cryptococcosis. Currently, the combination of amphotericin B and 5-FC is recom-
mended whenever cryptococcal infection (especially with neurological involvement) is diagnosed.

Flucytosine-associated toxicity included liver damage, transient thrombocytopenia, neutropenia,
anemia, and eosinophilia (188). In addition, pancytopenia and severe agranulocytosis were also
reported (189–191). The damage on bone marrow (185,192) (including a fatal marrow aplasia
[192,193]) is by far the most severe adverse effect of 5-FC and should be addressed properly. Philpot
and Lo (194) reported the use of flucytosine in the treatment of cryptococcal meningitis in pregnancy
without damage to the fetus.

2.4. Azole Derivatives
2.4.1. Miconazole

One general regimen for miconazole therapy of cryptococcal meningitis that has been recom-
mended (195), required an initial intravenous infusion of 30 mg/kg of the drug daily for 3 wk; following
that period, if the patient was still unresponsive, miconazole was applied into the CSF space at a
dosage of 20 mg twice daily, then going to 20 mg every other day.
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In one Japanese study (196), deep-seated mycoses were treated with miconazole at an initial dose
of 200 mg (dissolved in at least 200 mL of solvent medium) injected intravenously (by drip-infusion)
over a 30–60 min period. If no side effects were observed, 200–400 mg of the drug were administered
intravenously over 30 min, 1–3 times daily.

On a negative note, Sung et al. (197) reported the failure of miconazole (administered both intra-
venously and intrathecally) to cure one patient with cryptococcal meningitis and suffering from mul-
tiple other complications; a previous combined amphotericin B-flucytosine therapy had also been
unsuccessful (197). Deresinsky et al. (195) applied miconazole intravenously to two patients with
cryptococcosis with inconclusive results and a clinical response that could not be evaluated.

Because of many contradicting reports, the efficacy of miconazole in the therapy of cryptococcal
meningitis is still very much in doubt. Since miconazole penetrates poorly into CSF when given
systemically, the therapy of most cryptococcal infections associated with CNS involvement will even-
tually require intrathecal administration of flucytosine (195,198–200). Controlled, randomized trials
will be necessary to define unambiguously the usefulness of miconazole in the management of cryp-
tococcal meningitis. In the treatment of pulmonary cryptococcosis, the efficacy of miconazole has
also been very much in doubt.

2.4.2. Ketoconazole
Although ketoconazole has shown potent in vitro activity against C. neoformans, it is generally

ineffective in treating cryptococcal meningitis (88). Perfect et al. (201) found ketoconazole ineffective
in the treatment of cryptococcal meningitis following therapy with high doses. In a contradicting report
(202), a case of cryptococcal meningitis showed improvement after high doses of the drug were applied.

Karaffa et al. (203) initiated a ketoconazole therapy in a patient with AIDS and disseminated
cryptococcosis; the drug was applied at 400 mg daily but the patient, who continued to do well 5 mo
after the diagnosis, still had extremely high serum levels of cryptococcal antigen.

Granier et al. (204) reported a successful therapy of localized cutaneous cryptococcosis in a renal
allograft recipient receiving ketoconazole in conjunction with systemic steroids and azathioprine;
ketoconazole was given orally at 400 mg daily for 6 mo with no relapse or dissemination observed.

2.4.3. Fluconazole
Fluconazole has been extensively studied for its therapeutic efficacy against cryptococcosis

(27,205–210) especially against cryptococcal meningitis (211–218).
Jones et al. (219) conducted a clinical trial using oral fluconazole to treat 32 AIDS patients with

cryptococcal meningitis. Of the 11 patients who received a daily primary therapy of 200–400 mg/kg
of fluconazole, 67% had a favorable clinical response; in 87% of these cases, the CSF cultures were
negative. In addition, fluconazole was used as a secondary therapy in 15 patients who were not respon-
sive to amphotericin B (or amphotericin B-fluconazole combination); positive clinical and mycological
responses were obtained in over 60% of the patients. As maintenance therapy, 26 patients received
100–200 mg/kg fluconazole daily; the relapse rate of cryptococcal meningitis was 3.2 cases per 1,000
patient weeks (mean duration of 22 wk of maintenance therapy) (219).

Dupont (220) reported a study involving 16 patients with AIDS and cryptococcal meningitis treated
with oral fluconazole. The majority of patients received an initial loading dose of 400 mg, followed
by 200 mg daily for 2 mo, then maintenance therapy of 100 mg daily. Eleven of 16 patients were
clinically cured, concurrent with mycological clearance of all infected sites as well; 4 of 16 patients
had clinical improvement but still showed positive CSF cultures; and 1 of 16 patients had clinical
deterioration and died with positive CSF culture in spite of being switched to standard treatment
(220). This study, however, was not an open one, and the obtained results were not compared to
standard therapy with amphotericin B-flucytosine.

Byrne and Wajszczuk (221) also described a successful use of 150 mg daily of fluconazole against
cryptococcal meningitis in one patient with AIDS who had not responded well to an initial therapy
with amphotericin B.
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In more extensive clinical trials, the therapeutic efficacy of fluconazole was compared to that of
amphotericin B. In a randomized, multicenter study (92) lasting for 10 wk, intravenously injected
amphotericin B was compared with oral fluconazole (200 mg daily) as primary therapies in AIDS
patients with acute cryptococcal meningitis; amphotericin B was given either at a mean daily dose of
0.4 mg/kg, or at 0.5 mg/kg depending on patients’ response (p = 0.34). The treatment was successful
in 25 of 63 patients receiving amphotericin B (40%; 95% confidence interval, 26–53%) and in 44 of
the 131 fluconazole recipients (34%; 95% confidence interval, 25–42%) (p = 0.40). There was no
significant difference in the overall mortality rate between the two groups (amphotericin B vs
fluconazole, 14 and 18%, respectively; p = 0.48); however, during the first 2 wk of treatment, the
mortality in the fluconazole group was higher (15 vs 8%; p = 0.25). Treatment was considered suc-
cessful when the patients had two consecutive negative CSF cultures by the end of the 10-wk trial
period. The median length of time to the first negative CSF culture was 42 d (95 confidence interval,
28–71%) for the amphotericin B group, and 64 d (95% confidence interval, 53–67%) for the
fluconazole group (p = 0.25) (92).

In a recently completed retrospective clinical study, the efficacies of amphotericin B and
fluconazole were evaluated in HIV-negative patients (organ-transplant recipients, patients with neo-
plastic disease) and with meningeal and extrameningeal cryptococcosis (222). Patients with more
severe infections (i.e., meningitis, neurological disorders, or higher level of antigen in CSF) were
more frequently treated with amphotericin B; a cure rate of less than 70% was achieved regardless of
the initial treatment and severity of infection. In general, a Cox regression analysis has shown that in
patients older than 60 yr, neoplastic disease, abnormal mental status, disseminated infection at the
time of diagnosis, and therapeutic failure were independent predictors of death. Although fluconazole
appeared to be equipotent to amphotericin B, only a prospective multicenter study would be sufficient
to determine the best treatment regimen for cryptococcal infections in HIV-negative patients (222).

In another randomized clinical trial of AIDS patients with cryptococcal meningitis, Larsen et al.
(223) compared the therapeutic efficacies of fluconazole with a combination of amphotericin B and
flucytosine. The all-male group was randomly assigned to either oral fluconazole (400 mg daily) for
10 wk, or to amphotericin B (0.7 mg/kg daily) for 1 wk, then 3 times weekly for 9 wk combined with
flucytosine (150 mg/kg daily, in 4 divided doses). Eight of 14 patients (57%) assigned to fluconazole
failed to respond, compared to none of 6 patients assigned to amphotericin B plus flucytosine therapy.
The mean duration of positive CSF cultures was 40.6 ± 5.4 d in patients receiving fluconazole, and
15.6 ± 6.6 d in those receiving amphotericin B plus flucytosine. Although such results show that
combined amphotericin B-flucytosine medication may be superior to fluconazole in the treatment of
cryptococcal meningitis in AIDS patients, the intravenous therapy of amphotericin B has been asso-
ciated with frequent and often severe side effects compared to oral fluconazole given once daily.
Further studies should provide the necessary information to determine the feasibility of the amphot-
ericin B-flucytosine combination and the contribution of flucytosine (224). According to a cost-
minimization analysis conducted by Buxton et al. (225), costs associated with the use of fluconazole
as primary therapy will likely be significantly lower than those for amphotericin B, but similar (or
slightly less) for a maintenance therapy.

A case of cryptococcal meningoencephalitis in a patient with Hodgkin’s disease at third-stage B
became asymptomatic after 1 wk of therapy with intravenous fluconazole (400 mg daily); 2 mo later, all
laboratory tests of CSF and blood specimens were negative (226). Combination of amphotericin B (20
mg daily, i.v.) and flucytosine (2.5 g daily, i.v.) did not lead to any improvement (226). Iacopino et al.
(227) also used fluconazole to treat disseminated cryptococcosis in a patient with Hodgkin’s disease.

Oral fluconazole (once daily at doses of 50–200 mg/kg) was applied to 20 AIDS patients having
disseminated cryptococcosis (228). All patients received amphotericin B as primary therapy before
entry. Fluconazole medication was successfully maintained in nine patients for a median of 11 mo;
seven patients died (five of them did not have evidence of active cryptococcosis at the time of death),
and two patients experienced a relapse. Fluconazole had to be discontinued in only one patient when
thrombocytopenia developed, and then resolved when the drug was stopped (228).
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Bozzette et al. (229) also evaluated maintenance therapy with fluconazole in a placebo-controlled,
double-blind, clinical trial of AIDS patients with cryptococcal meningitis. The drug was given at 100
mg daily in the first phase of the study, and 200 mg daily in the second phase. Following a clinically
successful therapy with flucytosine, 19% of the enrolled patients presented a silent, persistent crypto-
coccal infection. However, there was no recurrent meningeal infection observed in those patients
taking fluconazole (mean duration of follow-up, 164 d; p = 0.03), suggesting it as an effective alter-
native for maintenance therapy against cryptococcal infections (229).

The suppressive efficacy of fluconazole in preventing relapse from cryptococcal meningitis in
AIDS patients was corroborated by findings from a larger trial (230). Two suppressive regimens
were compared: fluconazole at daily oral doses of 200 mg (11 patients; 59%) vs amphotericin B at 1.0
mg/kg per week (78 patients; 41%). The failure rate of the amphotericin B-treated group was mark-
edly higher (33%; 26 of 78 patients) compared to only 8% of the fluconazole-receiving patients (9 of
11 patients) (230). A successful maintenance therapy of cryptococcosis with fluconazole was also
described for 80 AIDS patients from Burundi (231).

In an uncontrolled, open trial with a small number of AIDS patients with cryptococcosis,
fluconazole was found to be effective in preventing relapses after the active disease was controlled
with amphotericin B (232); however, the drug was found not very effective at conventional doses
(50–100 mg daily) usually applied for treatment of active cryptococcosis. Observed side effects of
fluconazole included an increase in hepatic function test values in one patient, and seisures in another;
in both cases fluconazole had to be discontinued.

C. neoformans-induced pleural empyema secondary to liver cirrhosis due to hepatitis C virus
infection responded well to oral fluconazole (233).

Retinitis resulting from disseminated cryptococcosis in a renal allograft recipient showed remark-
able improvement following therapy with oral fluconazole (234). Cryptococcal endophthalmitis is a
rare disorder, nearly always diagnosed after enucleation or at postmortem examination. Custis et al.
(235) have described a culture-positive cryptococcal endophthalmitis in a patient with chronic uveitis
diagnosed by vitreous biopsy at the time of retinal detachment repair. The fungus, Cryptococcus
laurentii is a previously unreported non-neoformans ocular pathogen. After a 5-mo course of oral
fluconazole, the patient was culture-negative; however, the visual declined to hand motions because
of hyphema and hypotony.

Although cutaneous cryptococcosis is frequently diagnosed in AIDS patients, it has only seldom
been observed in other immunocompromised patients (27,236–238). In one such case, Abraham et al.
(27) described a renal allograft recipient with necrotic cryptococcal granulomata on the dorsum of
the hand but no clinical evidence of systemic infection; the infection was successfully cured after a 6-mo
treatment with oral fluconazole (400 mg, daily). Vandersmissen et al. (236) described the successful
use of a 6-wk course of oral fluconazole in two corticosteroid-treated HIV-negative patients who
developed cutaneous cryptococcosis. In a relevant case (239), cryptoccocal whitlow in an HIV-posi-
tive patient (unusual clinical presentation of cutaneous cryptococcosis never seen before in this popu-
lation) was cured with fluconazole at 400 mg daily for 2 mo, and 200 mg daily thereafter. Contrary to
AIDS patients who need life-long antifungal maintenance therapy to prevent relapses, suppressive
treatment may not be indicated for immunocompromised non-AIDS patients (236).

Other reports describing successful use of oral fluconazole against cryptococcal infections, included
laryngeal cryptococcosis (240), neck mass resulting in lytic destruction of portion of the cervical ver-
tebrae (241), and pulmonary cryptococcosis in non-AIDS patients (400 mg daily, for 10–12 wk) (242).

After evaluation of 4,048 patients who received fluconazole for at least 7 d, some of the undesir-
able side effects included: nausea (3.7%), headache (1.9%), skin rash (1.8%), vomiting (1.7%),
abdominal pain (1.7%), and diarrhea (1.5%) (243). Although adverse effects are more likely to occur
in HIV-positive patients, their pattern remained essentually the same, with only 1.5% of patients
having their medication discontinued because of side effects (244). Fluconazole may also induce
multiple hepatic abnormalities usually characterized by asymptomatic and reversible mild hepatic
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necrosis. However, Guillaume et al. (245) described severe subacute liver damage occuring in an
AIDS patient that may be related to prolonged fluconazole maintenance therapy for cryptococcsis;
electron microscopic studies revealed the presence of a unusual giant mitochondria with
paracrystalline inclusions and enlarged smooth endoplasmic reticulum. All microscopic abnormali-
ties were reversed after discontinuation of fluconazole. Alopecia appeared to be a common adverse
effect associated with higher-dose (400 mg daily) of fluconazole given for 2 mo or longer; although
sometimes severe, the effect is reversed by discontinuing fluconazole therapy or substantially reduc-
ing the daily dose (246,247).

Drug-interaction studies demonstrated that when fluconazole was administered in multiple daily
doses of up to 400 mg, it did not produce noticeable effects on testosterone, estrogen, or the ACTH-
stimulated cortisol concentrations (243). Furthermore, no drug interaction has been observed when
fluconazole was administered (at daily doses of 100 mg or more) concomitantly with cyclosporin A
to bone-marrow transplant recipients (but not renal-transplant patients) (243).

Failures of fluconazole in treatment of cryptococcal meningitis (248) and prostate cryptococcosis
(249) have also been reported. For example, a 10-wk regimen of fluconazole, if first given intraven-
ously then orally, resulted in failure in 62% of patients (8 of 13) (250). However, when the drug was
administered entirely by oral route, the failure rate was only 10% (5 of 17 patients) (251). To this end,
Aller et al. (252) have found that MIC valued determined by a modified microdilution method could
serve as potential predictors of the clinical response to fluconazole therapy and may help in the
identification of patients who will not respond to fluconazole therapy.

Cases of fluconazole-resistant C. neoformans have also been reported (253,254).

2.4.4. Itraconazole
Itraconazole, another recently developed triazole-containing antimycotic (255), has been used in

the treatment of AIDS patients with meningeal and/or additional neurological cryptococcosis at daily
oral doses of 200–400 mg (220). There was no report on the success rate of the treatment, but a
maintenance therapy with the drug (200–400 mg daily) was recommended to prevent relapses.

According to Van Cutsem and Cauwenbergh (256), in patients with meningeal or pulmonary
cryptococcosis, daily treatment with 200 mg itraconazole for 88 (median) or 139 (median) d pro-
duced global responses of 57 and 83% of patients, respectively, and negative mycological response
in 51 and 50%, respectively; a similar study involving daily administration of 400 mg of itraconazole
to both groups for 160–216 d (median; meningeal) and 160 d (median; pulmonary) resulted in global
responses of 86 and 89%, respectively (256).

Data from itraconazole treatment (200 mg daily) of three AIDS patients with disseminated
cryptococcosis were reported by Viviani et al. (257). All patients received conventional therapy with
amphotericin B prior to itraconazole. Within 1 mo of treatment, suppression of clinical symptoms in
two of the patients, and further improvement in the third, were observed. Although cultures became
negative, two of the patients still had encapsulated yeast present in the CSF (381). A long-term main-
tenance therapy with the drug (3.0 mg/kg) has been recommended (258).

The therapeutic efficacy of itraconazole has been examined in 33 patients with various manifesta-
tions of cryptococcosis (meningitis, cryptococcemia, cryptococcuria, osteomyelitis, pulmonary
cryptococcosis, and soft-tissue cryptococcosis) (259). Thirty-two of the patients were
immunocompromised, including 4 transplant recipients and 26 with AIDS. The treatment consisted
of 200 mg oral itraconazole, two times daily. Results showed that cryptococcemia was abolished
100%. Furthermore, 65% of the patients with cryptococcal meningitis showed complete response (as
manifested by clinical resolution and negative cultures), whereas 25% had partial response, and in
10% the treatment had failed. In 71% of patients with AIDS who had meningitis and were treated
with itraconazole as their sole therapy, the response was complete, whereas 21% responded partially,
and the therapy failed in 7%. All patients who had pulmonary cryptococcosis, soft-tissue crypto-
coccosis, or osteomyelitis responded 100% to itraconazole therapy, compared to only 60% of
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patients with cryptococcuria. Because itraconazole hardly penetrated the CSF, the results for crypto-
coccal meningitis suggested that meningeal and parenchymal penetration was important in lowering
the therapeutic efficacy (259).

In another report (260), oral itraconazole was successful in 28 patients with cryptococcal meningi-
tis; 18 of them have achieved complete response, including 16 of 24 patients with AIDS.

A clinical trial of five AIDS patients conducted by de Gans et al. (261), demonstrated a promise
for itraconazole as maintenance therapy for cryptococcal meningitis. Each patient received initial
treatment with amphotericin B (0.3 mg/kg daily, intravenously) and oral 5-FC (150 mg/kg daily,
every 6 h) for 6–8 wk. In four of the patients, the titer of cryptococcal antigen in CSF declined. Two
of the patients were still alive, respectively, 10 and 12 mo after a maintenance therapy with
itraconazole had began with no toxic side effects from the drug (261).

Batungwanayo et al. (262) found itraconazole to be highly effective in the prevention of dissemi-
nated cryptococcal disease among HIV-positive Rwandan patients with primary pulmonary
cryptococcosis.

Oral itraconazole at 100 (263), 200 (264), or 400 mg (265) once daily was also used successfully
in treatment of localized cutaneous cryptococcosis (263). In another case of cutaneous cryptococcosis
in a patient receiving immunosuppressive therapy, medication with itraconazole resulted in lesion
improvement after topical treatment proved ineffective (238).

Among the interactions of itraconazole with other drugs, it should be mentioned that its levels
were decreased by rifampicin, phenytoin, and phenobarbital, while itraconazole increased the levels
of cyclosporin A. Caution should be applied in patients receiving concomitant anticoagulants.

3. PROPHYLAXIS AND MAINTENANCE THERAPY OF CRYPTOCOCCOSIS

Based on results from prospective controlled trials, fluconazole and itraconazole were both able to
reduce the frequency of cryptococcosis in patients with advanced HIV disease (266). Although not
routinely recommended, the prophylaxis of cryptococcal disease is usually carried out in patients
with CD44+ T-lymphocyte counts of less than 50 cells/μL using daily doses of 100–200 mg
fluconazole (Table 2) (266–269). After a documented first episode of cryptococcosis, patients should
receive lifelong maintenace therapy (secondary prophylaxis) (266).

4. CRYPTOCOCCUS NEOFORMANS VAR. GATTII

Before the rise of the AIDS epidemic, cryptococcal meningitis in the tropical and subtropical
regions usually affected apparently immunocompetent persons, in contrast to those presenting in
temperate climates, where infection was most often associated with immunosuppression (270,271).
Biotyping of clinical isolates showed that, serotypes B and C characteristic for C. neoformans var.
gattii were commonly identified in patients from the tropical and subtropical areas (272–276) whereas
serotypes A, D, and A/D of C. neoformans var. neoformans were found in predominantly temperate
regions (277). It seemed that the human disease caused by var. gattii had predilection for the respira-
tory and central nervous systems, and has been endemic for Australia (278,279), Papua New Guinea
(271–275), Southern California, and parts of Africa, India, Southeast Asia, and Central and South
America (Mexico, Brasil, and Paraguay) (277). Based on results of searches conducted in Australia,
the eucalypt species Eucalyptus camaldulensis and E. tereticornis constituted, although circumstan-
tially, the only known environmental niche of C. neoformans var. gattii (273,280–282). Comparison
of a single Californian environmental isolate with three environmental isolates from Australia by
karyotyping revealed that although genetically different the four isolates were related (283,284).

The course of meningitis caused by the two different varieties of C. neoformans may differ
(285,286), with mortality rate in the tropics remaining particularly high (271,275,287).

Treatment of C. neoformans var. gattii-associated meningitis has been most successful with am-
photericin B (0.3–1.0 mg/kg daily, parenterally) and flucytosine (150 mg/kg daily, orally) (275).
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Treatment of an AIDS patient with C. neoformans var. gattii-induced meningitis resulted in poor
clinical and mycological response; in vitro sensitivity testing revealed high MIC value suggesting
fluconazole resistance (288). Kamei et al. (289) have found voriconazole, a new triazole antimycotic,
to be more effective than fluconazole when tested in vitro in two different systems.

5. CRYPTOCOCCUS ALBIDUS

C. albidus, is commonly isolated yeast from skin of healthy persons, as well as in indoor or out-
door air (290). The organism has also been isolated from blood specimens (291,292). Although rarely,
this yeast has been the cause of meningitis (293–295), lung abscess (291,296), and empyema (297) in
immunocompromised patients. Studying the distribution of yeast isolates from the oral mucosa of
HIV-positive patients, Mckee et al. (298) found among non-Candida yeasts also C. albidus.

Loison et al. (299) described what appeared to be the first case of septicemia due to C. albidus in
an HIV-positive patient. The yeast was sensitive in vitro to amphotericin B, fluconazole, miconazole,
itraconazole, and 5-FC. Although the infection was resolved initially with a 2-wk treatment with oral
fluconazole at 600 mg daily, followed by fluconazole prophylaxis, a relapse did occur prompting
change of the antifungal treatment to oral itraconazole (400 mg daily); the patient died shortly there-
after from cardiovascular arrest. In another fatal case, an AIDS patient with C. albidus cryptococcemia
died on the 14th day of treatment with amphotericin B-flucytosine combination therapy (300).

6. CRYPTOCOCCUS LAURENTII

The natural habitat of C. laurentii and its prevalence in the environment have not yet been estab-
lished. There has been no data about its isolation from normal respiratory flora either, although it
would appear to be extraordinarily rare (301,302).

Lynch et al. (301) reported the first case of pulmonary infection caused by C. laurentii manifested
as a lung abscess in a patient with dermatomyositis receiving corticosteroid therapy. The isolation of
the yeast appeared to be consistent with an opportunistic infection (pulmonary infiltration with cavity
formation developed in association with corticosteroid therapy), rather than saprophytic coloniza-

Table 2
Prophylaxis Against Cryptococcosis

Prophylactic drug regimens

Patients Indication First line Alternative line

Adults and adolescents First episode: Fluconazole 100–200 mg, Itraconazole 200 mg,
    CD4+ counts of     p.o., daily     p.o., daily
    >50 μL
Documented Fluconazole 200 mg, Amphotericin B 0.6–
    disease     p.o., daily     1.0 mg/kg, i.v.,

    3 times weekly; or
Itraconazole 200 mg,
    p.o., daily

Infants and childrena Severe immunosup- luconazole 3–6 mg/kg, Itraconazole 2–5 mg/kg,
    pression     p.o., daily     p.o., every 12–24 h
Documented Fluconazole 3–6 mg/kg, Amphotericin B 0.5–1.0
    disease     p.o., daily     mg/kg, i.v., 1–3 times

    weekly; or
Itraconazole 2–5 mg/kg,
    p.o., every 12–24 h

aProphylaxis not recommended for most children but only in cases of severe immunosuppression.
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tion. Treatment has been carried out successfully with a 6-wk course of amphotericin B (total dose,
2.0 g). In vitro, the antibiotic showed a MIC value of 0.1 μg/mL against a clinical isolate. The latter
was not susceptible to 5-FC (MIC = 500 μg/mL), and there has been no synergism between amphot-
ericin B and 5-FC.

C. laurentii has been diagnosed as the etiologic pathogen in a rare case of cryptococcal
endophthalmitis cured successfully with oral fluconazole (303).

Kordossis et al. (300) described the first case of C. laurentii meningitis in an AIDS patient; the
condition was controlled after 2 wk of treatment with amphotericin B and flucytosine and no evi-
dence of infection 20 mo later.
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