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Abstract Recent advances in the diagnosis and management
of cryptococcal meningitis are promising and have been im-
proving long-term survival. Point of care testing has made
diagnosing cryptococcal meningitis rapid, practical, and af-
fordable. Targeted screening and treatment programs for cryp-
tococcal antigenemia are a cost-effective method for reducing
early mortality on antiretroviral therapy (ART). Optimal initial
management with amphotericin and flucytosine improves sur-
vival against alternative therapies, although amphotericin is
difficult to administer and flucytosine is not available in
middle- or low-income countries, where cryptococcal menin-
gitis is most prevalent. Controlling increased intracranial pres-
sure with serial therapeutic lumbar punctures has a proven
survival benefit. Delaying ART initiation for 4 weeks after
the diagnosis of cryptococcal meningitis is associated with
improved survival. Fortunately, new approaches have been
leading the way toward improving care for cryptococcal men-
ingitis patients. New trials utilizing different combinations of
antifungal therapy are reviewed, and we summarize the effi-
cacy of different regimens.
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Introduction

Cryptococcal meningitis remains a major cause of HIV-related
mortality worldwide, with the largest burden of the disease in
sub-Saharan Africa and South and Southeast Asia [1]. In-
hospital acute mortality from cryptococcal meningitis con-
tinues to remain high, ranging between 30 and 50 %, even
with antifungal therapy [2]. Despite declines in long-term
mortality from the introduction of antiretroviral therapy
(ART) [3], in low-income countries, ART distribution has
not yet effectively reached all individuals needed to decrease
the overall incidence of cryptococcal meningitis [4]. In
addition to high mortality, cryptococcal meningitis has sub-
stantial morbidity. Survivors can suffer from irreversible
blindness and deafness, as well as reversible neurocognitive
impairments [5].

Fortunately, several recent innovations in the screening,
diagnosis, and management of cryptococcal meningitis have
shown how to improve care for patients in resource-limited
settings. This review will focus on these innovations, provid-
ing an update in the field of cryptococcal diagnostics and
management.

Diagnosis of Cryptococcal Meningitis

There are several modalities now available for the diagnosis of
cryptococcal meningitis in HIV-infected persons [6]. Diagno-
sis centers upon detection by microscopy, culture, or antigen.
The use of India ink staining remains a common diagnostic
tool for identifying Cryptococcus in cerebrospinal fluid
(CSF), yet the sensitivity of India ink microscopy is only
<86 % [6, 7]. Although readily available, the use of the India
ink as the sole means of diagnosis results in misdiagnosis in 1
of every 11 persons presenting with meningitis in Uganda [6].
India ink is particularly insensitive for low fungal burdens,
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which can be common in persons presenting early after symp-
tom onset or those presenting on ART. The sensitivity of India
ink decreases to 42 % with fungal burdens of <1000 colony-
forming units (CFU)/mL on quantitative CSF culture [6].

Culture is considered the gold standard for diagnosis of
cryptococcal meningitis but has several disadvantages [8]. Fun-
gal cultures require laboratory infrastructure, electricity, and
trained technicians. Cultures can take up to 7 days to grow
and need to be incubated for up to 10 days for a reliable quan-
titative count. Cultures can also produce false negative results
when the fungal burden is low, though diagnostic yield can be
improved using higher volumes of CSF. For example, using
100 μL of undiluted CSF versus 10 μL at five 1:10 dilutions
improved the sensitivity from 82.4 to 94.2 %, with the mini-
mum CFU needed for growth decreasing from 100 to 10 CFU/
mL [6]. Despite the infrastructural drawbacks of quantitative
fungal cultures, quantification can provide an important mea-
sure of treatment response and is central in the diagnosis and
differentiation of cryptococcal meningitis relapse versus para-
doxical immune reconstitution syndrome (IRIS).

The detection of cryptococcal antigen (CrAg) in CSF, se-
rum, or plasma has become an essential diagnostic tool and
should be performed on CSF for all patients with HIV with
suspected meningitis or any central nervous system (CNS)
symptoms. CSF testing should occur regardless of other cere-
brospinal fluid parameters. Commercially available tests for the
detection of CrAg, either by latex agglutination or by enzyme
immunoassay, have been available for several years [9]. The
recent development of a CrAg lateral flow assay (LFA; Immy
Inc., Norman, OK) has revolutionized cryptococcal meningitis
diagnosis in resource-limited settings. The CrAg LFA is a point
of care test that rapidly detects cryptococcal polysaccharide
capsule using gold-conjugated anti-cryptococcal monoclonal
antibodies directed against Cryptococcus neoformans [8]. Un-
like latex agglutination, the CrAg LFA is stable at room tem-
perature, does not require a cold chain or centralized laboratory,
is inexpensive, and takes only 10 min to obtain results. The
CrAg LFA also has slightly better sensitivity than latex agglu-
tination or enzyme immunoassay and is more sensitive at de-
tecting lower CSF antigen levels [6, 9].

Jarvis et al. tested the use of the CrAg LFA in the serum
of 62 patients with a history of cryptococcal disease in
South Africa [10]. A more recent multisite diagnostic study
in Uganda and South Africa found the CrAg LFA to have a
sensitivity of 99.3 % and a specificity of 99.1 % in
CSF [6]. In a study published in South Africa, the sensi-
tivity of the CrAg LFA in CSF was reported as only 91 %
[11]; however, when samples with a suspected high organ-
ism load underwent a 1:2 dilution prior to testing, sensitiv-
ity improved to 100 %, an incongruity attributed to the
Bhook effect,^ whereby a high cryptococcal antigen load
interferes with the antigen-antibody complex of the assay
producing false negative results.

The sensitivity of CrAg in blood is ≥99 % when positive in
CSF [12]. CrAg LFA can be tested in either serum or plasma
[6]. The presence of serum antigenemia in any HIV-infected
patient with central nervous system symptoms should provoke
a lumbar puncture with measurement of opening intracranial
pressure [13, 14]. In a recent study in Uganda, there was
perfect agreement between fingerstick whole blood, serum,
and plasma CrAg LFA suggesting that testing from fingerstick
whole blood is a viable option for detecting antigen CrAg,
particularly in settings where phlebotomy is not available, or
in patients with difficult venous access [15]. The CrAg LFA
has also been evaluated in both urine and saliva, but agree-
ment with serum LFA was not sufficient to recommend
routing screening using these fluids [16, 17].

The use of semiquantitative CrAg LFA titers has been dem-
onstrated to correlate with pretreatment quantitative cultures
but has not been found to be useful for monitoring treatment
response. CrAg titers can also be used as a prognostic marker
as titers >1:1024 are associated with greater mortality at 2 and
10 weeks [18]. However, performing CrAg titers can be labor
intensive, requiring extra diluent, and increasing the cost.

In addition to these primary modalities available for diag-
nosing cryptococcal meningitis, non-specific markers of fun-
gal infection should raise a concern for cryptococcosis in
immune-compromised patients and may play a useful role in
prognosis and classification. High levels of (1→3)-β-D-glu-
can (BDG), for instance, were observed in the CSF of a recent
cohort of Ugandan and South African HIV-infected patients
with cryptococcal meningitis [19]. In this study, the Fungitell
BDG assay (Associates of Cape Cod, Inc., Falmouth, Massa-
chusetts) was found to have a sensitivity of 89 % and a spec-
ificity of 85 % as compared to the CrAg LFA. Detectable
levels of BDG in CSF were found to correlate with quantita-
tive fungal cultures, and BDG values of >500 pg/mL were
associated with increased mortality. BDG was found to rapid-
ly decline with the start of antifungal therapy, falling ~50 %
after 4 days, unlike CrAg titers, which may continue to persist
long after the completion of antifungal therapy. Although
BDG is inferior to CrAg LFA in regard to diagnosis of first-
episode cryptococcal meningitis, potential applications in-
clude to use as a prognostic indicator for mortality, to monitor
treatment response, and to help differentiate culture-positive
relapse (i.e., positive BDG) versus paradoxical immune recon-
stitution inflammatory syndrome (IRIS) with negative BDG.

Similarly, PCR-based diagnosis of cryptococcal meningitis
has not been widely developed given the high sensitivity, wide
availability, and low cost of CrAg testing. However, in certain
populations, such as those presenting with recurrent or persis-
tent symptoms of meningitis, PCR testing may provide a clin-
ically useful adjunct to traditional testing. In one recent study
from Uganda, the CSF of 39 HIV-infected persons with
suspected cryptococcal meningitis were evaluated with the
FilmArray System (BioFire Diagnostics, Salt Lake City, UT)
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using amultiplex meningitis/encephalitis PCR panel [20]. The
FilmArray system was able to detect Cryptococcus with
100 % sensitivity and specificity, was able to differentiate
betweenC. neoformans andCryptococcus gattii, and was able
distinguish between relapse and paradoxical IRIS.

Management of Cryptococcal Meningitis

The management of cryptococcal meningitis is divided into
three phases: (1) induction, (2) consolidation, and (3) mainte-
nance therapy (Table 1). The goal of induction therapy is the
rapid sterilization of cerebrospinal fluid. A quantitative mea-
sure of this is the rate of yeast clearance per milliliter of CSF
per day. This quantitative clearance is termed early fungicidal
activity (EFA). Slower rates of fungal clearance have been
shown to be associated with increased mortality at both 2
and 10 weeks [21].

Induction Antifungal Therapy

Current guidelines recommend 2 weeks of amphotericin B
(0.7–1.0 mg/kg per day) intravenously in combination with
flucytosine 100 mg/kg/day as the first-line therapy for treat-
ment of cryptococcal meningitis [22] (Fig. 1). The efficacy of
amphotericin B and flucytosine in improving survival was
recently demonstrated in a landmark trial comparing three
different induction therapies: (1) high-dose amphotericin B
monotherapy for 4 weeks, (2) high-dose amphotericin B com-
bined with flucytosine for 2 weeks, and (3) high-dose
amphotericin B with high-dose fluconazole for 2 weeks
[23••]. Combination therapy with amphotericin B and
flucytosine was associated with a ~40 % lower hazard of mor-
tality at 10 weeks. This effect persisted at 6 months and was
associated with increased rates of fungal clearance as com-
pared to 4 weeks of amphotericin monotherapy. Despite the
superiority of combination therapy with amphotericin B and

flucytosine over alternative regimens, this regimen remains
widely unavailable in most parts of the world with the highest
burdens of disease. With only one manufacturer in 2014, the
cost of flucytosine is US$700/day for a 70-kg adult. This
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Fig. 1 Early fungicidal activity (EFA) of induction regimens for the
treatment for cryptococcal meningitis, measured as log10 clearance of
yeasts per milliliter of CSF per day in quantitative CSF culture. Values
are the means with 95 % confidence intervals as pooled from Table 2
(citations are in parenthesis). AmB amphotericin, fluc fluconazole, CFU
colony-forming units, CSF cerebrospinal fluid

Table 1 Recommended treatment for cryptococcal meningitis in resource-limited settings

Medication and dose 1–2 weeksa 12 weeks 52 weeks

Amphotericin (0.7–1.0 mg/kg/day) + second adjunctive agentb

Fluconazole 800–1200 mg daily Continue until CSF is known sterilec

Fluconazole 400 mg daily c

Fluconazole 200 mg daily Until CD4 >200 for ≥6 months

Treatment phase Induction Consolidation Secondary prophylaxis

a Optimal duration of initial induction therapy is unknown. In resource-limited regions, the cost benefit is likely maximal for 1 week induction with
amphotericin B at 1 mg/kg/day coupled with 4 weeks of fluconazole 1200 mg kg/day [23••]
b Flucytosine (5FC) 100 mg/kg/day preferred where available, otherwise fluconazole at 800–1200 mg/day in divided doses. KCl 40–60mEq/day should
be given with amphotericin [30]
cWe recommend continuing fluconazole at 800–1200 mg/day until the CSF culture result is known to be sterile and ART has been initiated. Consider
longer duration of consolidation therapy if CSF culture is positive at 2 weeks
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compares with a total treatment cost of US$402 for 2 weeks of
amphotericinwith fluconazole [24]. Efforts within the medical
community are currently underway to help address this
flucytosine disparity [25, 26].

When flucytosine is unavailable, the combination of
amphotericin B with fluconazole is recommended [22].
Pappas et al. demonstrated that the combination of
amphotericin B with fluconazole 800 mg/day had better
long-term outcomes than amphotericin B and fluconazole
400 mg/day or amphotericin alone [27]. Day et al. did not find
a statistically different survival benefit between amphotericin
with fluconazole 800 mg/day and amphotericin alone, al-
though fewer patients died in the combination arm [23••].
Loyse et al. did not find a statically significant difference in
EFA of amphotericin B with fluconazole at 800–1200 mg/day
[28]. Therefore, current guideline favors the use of
amphotericin B in combination with fluconazole ≥800 mg/
day when flucytosine is not available [22] (Table 2).

Amphotericin B is known to cause significant side effects
including anemia, kidney insufficiency, hypokalemia, hypomag-
nesemia, and phlebitis. The administration of amphotericin re-
quires inpatient hospitalization, intravenous administration, and
a substantial nursing commitment. Therefore, administration of
amphotericin over 14 days can not only become costly but also
resource consuming. In a small study in Uganda, a short 5-day
course of amphotericin B with high-dose fluconazole 1200 mg/
day had a superior EFA than either fluconazole at 800mg/day or
1200mg/day alone [29].When flucytosine was added to a short,

7-day, course of amphotericin B plus high-dose fluconazole
1200 mg/day, a greater EFA was observed than with
amphotericin and fluconazole or fluconazole and flucytosine
combinations [30]. Short course (5–7 days) amphotericin com-
bined with high-dose fluconazole 1200 mg/day is an alternative
therapeutic option when 14 days of amphotericin is not feasible.
Substantial life-threatening hypokalemia occurs during the sec-
ond week, if not properly managed [31].

The use of voriconazole as a substitute for fluconazole in
induction therapy has been studied and found to have similar
EFA to amphotericin and fluconazole at both 800 mg/day and
1200 mg/day doses [28]. Although no benefit of voriconazole
over fluconazole has been demonstrated for fluconazole-
susceptible strains, a future role for newer antifungals for the
treatment of cryptococcal meningitis might be anticipated,
particularly in the context of increasing rates of fluconazole
resistance, as costs come down, and worldwide availability of
these drugs increase [32, 33]. Adjunctive interferon-gamma
(INF-γ) has also been shown to be an effective component
of combination induction therapy. Jarvis et al. demonstrated a
30 % increased rate of clearance with 2 doses of adjunctive
interferon-gamma than with standard therapy of amphotericin
and flucytosine [34].

Infectious Diseases Society of America (IDSA) and WHO
guidelines continue to recommend high-dose fluconazole
monotherapy at 1200 mg/day for 10–12 weeks if
amphotericin B and flucytosine are not available [22, 35,
36]. While clearly suboptimal compared to combination

Table 2 Trials comparing early
fungicidal activity of induction
treatment regimens for
cryptococcal meningitis

Induction regimen EFA ±SD Number Source

Amphotericin −0.31 0.15 99 [23••]
Amphotericin + 5FC −0.42 0.10 100

Amphotericin + fluconazole (800 mg/day) −0.32 0.10 99

Amphotericin + 5FC −0.41 0.22 21 [28]
Amphotericin + fluconazole (800 mg/day) −0.38 0.18 22

Amphotericin + fluconazole (1200 mg/day) −0.41 0.35 23

Amphotericin + voriconazole −0.44 0.20 13

Amphotericin (5 days) + fluconazole (1200 mg/day) −0.30 0.11 30 [29]

Amphotericin + 5FC −0.49 NA 30 [34]
Amphotericin + 5FC + INF-γ −0.64 NA 60

Amphotericin (7 days) + fluconazole (1200 mg/day) −0.38 0.20 19 [30]
Amphotericin (7 days) + fluconazole (1200 mg/day) + 5FC −0.50 0.15 18

Fluconazole (1200 mg/day) −0.18 0.11 30 [38]
Fluconazole (800 mg/day) −0.07 0.17 30

Amphotericin (1 mg/kg/day) −0.48 0.28 49 [39]
Fluconazole (400 mg/day) −0.02 0.05 5

Amphotericin + fluconazole (800 mg/day) −0.36 0.25 223 [45••]

Amphotericin + fluconazole (800 mg/day) + sertraline −0.44 0.39 113 [49]

Amphotericin B deoxycholate 0.7 or 1 mg/kg/day or as indicated, voriconazole (300 mg twice daily; 400 mg
twice on day 1)

EFA early fungicidal activity (log10 CFU/mLCSF/day) calculated by linear regression except for Day et al. which
is calculated with mixed regression model [23••], 5FC flucytosine (25 mg/kg 4 times daily), INF-γ interferon-
gamma (100 μg subcutaneously, 2 or 6 doses)
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amphotericin therapy, fluconazole remains the only therapeu-
tic option for the treatment of cryptococcal meningitis inmuch
of the world, where amphotericin or flucytosine are unavail-
able. A recent study in Malawi demonstrated high morality
(43 % at 4 weeks) and treatment failure (77 % at 1 year) with
the use of 800 mg/day of fluconazole monotherapy for induc-
tion therapy [37]. Fluconazole doses of 1200 mg/day for the
first 2 weeks of induction therapy were associated with an
increase in EFA as compared to 800 mg/day, although no
differences in mortality were seen at either 2 or 10 weeks [38].

Consolidation and Maintenance Therapy

Consolidation phase of therapy currently consists of flucona-
zole 400–800 mg/day for at least 8 weeks [22]. Most guide-
lines recommend starting consolidation therapy after 2 weeks
of induction therapy, though the start of consolidation therapy
should be individualized based on patient response to induc-
tion therapy. In a study in Uganda, 56 % of patients treated
with amphotericin-based therapy had positive cultures at the
end of 2 weeks [2]. Because fluconazole at 400 mg/day is
fungistatic [39], a lumbar puncture and culture should be done
at 2 weeks to demonstrate CSF sterility. When CSF sterility
has been documented (often after 10–14 days of further cul-
ture incubation), the fluconazole dose should then be de-
creased from 800 mg/day to 400 mg/day. Guidelines support
the use of longer durations of high-dose fluconazole through-
out the consolidation phase if using suboptimal induction ther-
apy; mainly, monotherapy with fluconazole or when CSF ste-
rility has not been achieved [22].

After successful induction and consolidation therapy,
culture-negative patients should be placed on fluconazole
200 mg/day for maintenance therapy [22]. Recommendations
for the use of long-term fluconazole stems from observations
made in the pre-ART era of high relapse rates when therapy
was discontinued [40]. Fluconazole 200 mg/day was found to
be superior when compared to weekly intravenous adminis-
tration of amphotericin B in preventing cryptococcal menin-
gitis relapse [41]. Comparison of fluconazole to itraconazole
reproduced similar results [42]. Historically, this switch to
secondary prophylaxis was made after 8 weeks of consolida-
tion therapy (i.e., 10 weeks after diagnosis). Our own experi-
ence prefers longer consolidation therapy, switching to sec-
ondary prophylaxis after 2–3 months of ART, which allows
for time for immune recovery to occur on ART.

Secondary prophylaxis can be safely discontinued in pa-
tients on ART and with undetectable HIV RNA levels for
greater than 3 months, with CD4 cell counts ≥100 cells/μL
[22]. When HIV viral load testing is unavailable, the WHO
recommends continuation of maintenance therapy for 1 year
and discontinuation if CD4 counts are >200 cells/μL [35].
Fluconazole maintenance therapy should be reinstituted in

patients demonstrating immunologic failure, ART interrup-
tions, or a fall in CD4 counts to below 100 cell/μL [22].

Management of Amphotericin B-Related Toxicities

Although amphotericin-based therapies for cryptococcal men-
ingitis remain central for the treatment of cryptococcal menin-
gitis, the side effects, cost of monitoring, storage needs, and
nursing staff for administration may be a deterrent for use in
low-resource facilities. Intravenous (IV) administration of
amphotericin through a peripheral line often causes thrombo-
phlebitis or peripheral venous thrombosis. IV lines should be
routinely flushed and rotated every 3 days to minimize phlebi-
tis. Amphotericin frequently causes infusion-related reactions,
including fevers, rigors, and nausea. Adjunctive acetaminophen
can be given for symptomatic management of infusion reac-
tions with hydrocortisone reserved for severe reactions [43].

Acute kidney injury occurs with cumulative doses of
amphotericin and is reversible with discontinuation. Adminis-
tration of ample amounts (1–2 L of normal saline or high
sodium chloride dose) of IV fluid while receiving
amphotericin can help prevent renal insufficiency. Increasing
fluid administration or alternate day dosing of amphotericin
are options if there is a greater than twofold rise in serum
creatinine from baseline [35].

Potassium and magnesium wasting occur universally with
amphotericin administration and requires close electrolyte
monitoring and supplementation to prevent life-threatening
hypokalemia. Electrolyte wasting begins after 5 days of
amphotericin therapy. If electrolyte monitoring is not avail-
able, a standardized protocol for electrolyte supplementation
and replacement can be instituted. The implementation of a
standardized electrolyte protocol reduces the incidence of se-
vere, life-threatening hypokalemia and improves survival
[31]. Electrolyte management with amphotericin is recog-
nized as an essential part of the package of care in World
Health Organization cryptococcal treatment guidelines [35].

Identifying Novel Antifungal Agents for Cryptococcal
Meningitis

There are several shortcomings to drugs currently considered
standard of care for the treatment of cryptococcal meningitis,
as outlined above. Fluconazole is primarily fungistatic, and
although it penetrates well into the CNS, even at high doses,
it has relatively poor fungal clearance. Fluconazole is both
dose dependent and inoculum dependent [44]. Amphotericin
B has better efficacy but substantial toxicity [45••], needs to be
administered intravenously, and is not readily available in
low-resource countries, even though amphotericin is on the
WHO Essential Medication list. Flucytosine is currently not
available in Asian and African countries that bear the largest
burden of cryptococcal meningitis and has been associated
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with hematologic toxicity. There has therefore been a push for
the development of new therapies that are (1) orally bioavail-
able, (2) low cost, (3) associated with low toxicity, and (4)
fungicidal. While the antifungal activity of many novel com-
pounds is currently being examined, the immediate and criti-
cal need has led some researchers to evaluate known com-
pounds with the hope of identifying agents that can be
repurposed as new antifungals [46].

The antidepressant sertraline has been found to have potent
fungicidal activity against Cryptococcus both in vitro and
in vivo animal models [47] (Table 2). Sertraline reaches ~20-
fold higher concentration in the brain as well as ~65-fold higher
concentrations in the lung than in the blood [48], and sertraline
has a bidirectional synergistic effect with fluconazole [47, 49].
There is currently a phase III randomized clinical trial under-
way to investigate 18-week survival of adjunctive sertraline to
standard therapy for the treatment of cryptococcal meningitis
(ASTRO-CM, clinicaltrials.gov. NCT01802385). Other drugs
that have demonstrated to have anti-cryptococcal activity in-
clude astemizole, polymixin B, miltefosine, tamoxifen, amio-
darone, and thioridazine, although their clinical role for the
treatment of human cryptococcosis has yet to be tested [46].

Management of Intracranial Pressure

Elevated intracranial pressure (ICP) is defined as CSF pres-
sure ≥25 cm H2O and is a common complication of crypto-
coccal meningitis. The mechanism of elevated ICP is primar-
ily due to a failure of CSF resorption via the arachnoid villa
due to the physical obstruction by cryptococcal polysaccha-
ride capsule [50]. The degree of elevated ICP is correlated
with the amount of organisms found in the arachnoid granu-
lations and size of the capsule [50, 51]. Cerebral edema can be
a mechanism of increased ICP in HIV-negative persons who
may have a much greater degree of CSF inflammation [52,
53]. Elevated ICP is most often characterized by headaches,
vomiting, papilledema, reduction of visual acuity, blindness,
cranial nerve palsy’s (most commonly cranial nerve VI), con-
fusion, altered mental status, and coma [2, 54, 55]. Signifi-
cantly elevated ICP that is not addressed causes increased 10–
14-day mortality [56, 57•, 58]. Current guidelines strongly
recommend the aggressive management of ICP [22]. Manage-
ment should consist of a baseline lumbar puncture, measure-
ment of elevated ICP, CSF drainage if pressures are ≥25 cm
H2O or in instances when symptoms are consistent with ele-
vated ICP, and daily lumbar punctures until pressures have
decreased or symptoms have resolved [22, 35, 59]. These
high-income country guidelines are not very realistic in
resource-limited settings and typically ignored. Rolfes et al.
demonstrated the importance of aggressive ICP management
with a 69 % relative survival benefit with at least one thera-
peutic lumbar puncture (LP), and this survival benefit was
irrespective of initial ICP [57•]. Specifically, the association

was observed regardless of opening pressure at baseline.
Those with normal opening pressures at baseline who did
not receive a repeat therapeutic LP (which would be per guide-
lines) had higher 10-day mortality than those who received an
additional therapeutic LP [60]. Similar results were seen in
Tanzania, where a strict protocol for serial lumbar punctures
decreased 30-day mortality from 75 to 46 % [61]. In resource-
limited settings where manometers are not available, IV tub-
ing or non-invasive methods such as handheld tonometers or
ultrasound to measure intraocular pressure can be used as a
surrogate for measuring ICP [61, 62]. With persistently ele-
vated ICP, ventriculoperitoneal shunts can be used when con-
servative measures have failed [63]. Other methods of de-
creasing ICP such as acetazolamide, mannitol, or corticoste-
roids should not be routinely used [56].

If opening pressures cannot be measured, we recommend
(1) CrAg LFA screening by fingerstick prior to lumbar punc-
ture; (2) for CRAG+ persons, presumptive removal of 20 mL
of CSF at diagnosis; (3) repeat LP in 48–72 h with measure-
ment of ICPwith intravenous tubing or removal of 20mL; and
(4) consideration of lumbar punctures at 7 and 14 days.

Optimal Timing of ART Initiation

The timing of ART initiation is an important consideration for
persons with cryptococcal meningitis as with advanced immu-
nosuppression, people are at high risk of AIDS progression
and death [64]. However, ART initiation should be balanced
against the risk for the development of paradoxical immune
reconstitution inflammatory syndrome (IRIS). A consensus
case definition of cryptococcal paradoxical IRIS defines the
clinical syndrome as one occurring after treatment of the initial
cryptococcal meningitis followed by ART initiation with sub-
sequent clinical deterioration manifesting as one of the follow-
ing: aseptic meningitis, intracranial lesions, lymphadenopa-
thy, pneumonitis or pulmonary nodules, or cutaneous soft tis-
sue lesions [65]. The reported incidence of paradoxical crypto-
coccal IRIS is highly variable in incidence, ranging between 8
and 49 %, presenting as soon as 4 days and up to 6 years after
ART initiation, and carrying amortality rate of 0–36% [65–67].
Better microbiologic therapy and achieving CSF sterility is a
key principle at reducing the risk of IRIS [68]. In Uganda, we
decreased the incidence of CNS events from 30 to 13 % by
adding fluconazole 800 mg/day to the induction therapy and
continuing for 4–6 weeks until ART initiation [45••, 69].

A landmark randomized trial conducted in Uganda and
South Africa found a 15 % higher 26-week mortality in indi-
viduals initiating ART at 1–2 weeks from diagnosis as com-
pared with those initiating ART 4–6 weeks after meningitis
diagnosis [45••]. Three other smaller trials showed increased
risk of death with earlier ART [70], increased risk of IRIS
[71], and no differences [64]. Timing of ART remains
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somewhat controversial as three African trials showed in-
creased harm with earlier ART whereas a USA-based trial
showed no difference. No trial has shown any benefit of ear-
lier ARTwith cryptococcal meningitis. Based on randomized
clinical trial data [45••], we recommend completion of induc-
tion therapy, a verification that the CSF culture at 14 days is
sterile, with an aim to initiate ART at approximately 4 weeks.
Persons lacking CSF pleocytosis are at high risk of IRIS [72],
and these persons in particular are at higher risk of death when
starting ART at <2 weeks [45••].

Finally, increased ART availability in resource-limited set-
tings, coupled with a lack of pre-ART CrAg screening, has led
to a greater proportion of patients developing cryptococcal
meningitis after initiating ART. In places where cryptococcal
meningitis once manifested primarily as an AIDS-defining
illness in ART-naïve individuals, the occurrence of cryptococ-
cal meningitis after initiating ART has now become common.
In two cohorts from Uganda and South Africa, individuals
already receiving ART at time of diagnosis had higher CD4
counts and lower fungal burdens, but outcomes were not im-
proved [73, 74]. Furthermore, individuals in the Ugandan
study who developed cryptococcal meningitis within 14 days
of initiating ART had significantly higher 2-week mortality
(43 % compared with those on ART for 15 days to 4 months
(16 %), >4 months (10 %), or ART naïve (25 %); p=.05). This
study underscores the detrimental effect of immune recovery
in the setting of an untreated CNS infection and the impor-
tance of pre-ART cryptococcal antigen screening to prevent
cryptococcal meningitis occurring early after ART initiation
[59, 75].

Cryptococcal Meningitis Relapse

Cryptococcal meningitis relapse, or microbiological relapse,
is the recurrence of meningeal symptoms with recovery of
organism on CSF culture [76]. Microbiological relapse must
be distinguished from paradoxical immune reconstitution syn-
drome in which symptoms recur but CSF cultures are found to
be sterile. In a South African study, fluconazole non-
adherence was found to be the primary cause of relapse. Ther-
apy for cryptococcal meningitis relapse consists of reinitiating
induction therapy with amphotericin (1 mg/kg/day) and
higher-dose fluconazole (800–1200 mg/day) [22].
Voriconazole and INF-γ have been used in case reports for
salvage therapy in cases of cryptococcal meningitis refractory
to standard therapy [77].

Cryptococcal meningitis relapse should be differentiated
from persistent infection, or treatment failure.Whereas relapse
occurs after documentation of sterile cultures, a person with
persistent infection will continue to have positive cultures af-
ter 4 weeks of standard therapy, at effective doses. Suscepti-
bility testing should be done on isolates to assess fluconazole

resistance if persistent infection is suspected, and brain imag-
ing should be considered to rule out cryptococcoma. Flucon-
azole resistance should be considered whenever the minimum
inhibitory concentration (MIC) is ≥64 μg/mL [76].

Diagnosis and Treatment of IRIS

The presentation of recurrent symptomatic meningitis after the
treatment of first episode of cryptococcal meningitis and post
ART initiation should raise concern for disease relapse, treat-
ment failure, or development of paradoxical IRIS. Symptom-
atic relapse may be secondary to either persistent infection due
to fluconazole resistance, ineffective primary therapy, or pres-
ence of a cryptococcoma, whereas microbiological relapse has
been shown to be mainly due to non-adherence of secondary
fluconazole prophylaxis [76]. Distinguishing from treatment
failure/relapse and paradoxical IRIS can be difficult, and the
two entities are not always mutually exclusive. A positive
cryptococcal culture, virologic failure, and lower CSF inflam-
matory profile support the diagnosis of cryptococcal meningi-
tis relapse whereas a sterile culture and higher CSF WBC
support the diagnosis of paradoxical IRIS [65, 72].

Management of IRIS, once the diagnosis has been made,
includes management of elevated intracranial pressures with
lumbar puncture and large volume drainage of CSF. Recom-
mendations for therapeutic modalities are mainly based on
expert opinion and clinical experience. For severe cases of
IRIS with CNS complications, including increased intracrani-
al pressure or neurological deterioration, the current IDSA
guidelines recommends 0.5–1 mg/kg of prednisone or dexa-
methasone to be tapered over a 2–6-week period, although the
duration of the taper may be individualized based on clinical
status [22]. There have been several case reports documenting
neurologic improvement with the use of thalidomide, a
TNF-α inhibitor, in steroid-dependent or refractory cases of
C-IRIS [78]. Adalimumab, a humanmonoclonal antibody that
binds to TNF-α, blocking its anti-inflammatory actions, dem-
onstrated neurological improvement in a patient with IRIS-
associated cryptococcoma [79]. Both thalidomide and
adalimumab were used after documented sterility of the CSF.

Conclusion

In conclusion, cryptococcal meningitis remains a prevalent
opportunistic infection with high mortality and morbidity.
The diagnosis of cryptococcal meningitis with CrAg LFA
can help to detect disease early and rapidly without the need
for any laboratory infrastructure. Newer diagnostics tools such
as PCR assays and BDG measurements can aid in prognosis,
monitoring treatment response, and diagnosing disease re-
lapse versus IRIS. Combination amphotericin B and
flucytosine is the best present induction therapy; however,
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the cost of flucytosine is prohibitive ($700/day). In the ab-
sence of flucytosine, concomitant fluconazole 800–1200 mg/
day can be used. After induction therapy, using enhanced con-
solidation therapy with fluconazole 800 mg/day until docu-
mentation of CSF sterility and ART initiation should decrease
the risk of persistent infection, disease relapse, or IRIS. Based
on the timing of CSF sterility and immune recovery, longer
duration of fluconazole consolidation therapy may be needed,
often for 3–4 months. Crucial in the management of crypto-
coccal meningitis is aggressive control of elevated ICP by
repeated lumbar punctures and drainage of CSF. A 70 % rel-
ative decrease in 10-day mortality has been demonstrated by
one additional therapeutic lumbar puncture (after a diagnostic
lumbar puncture) irrespective of initial opening pressures. In
ART-naïve persons, ART should be initiated 4–6 weeks after
the diagnosis of cryptococcal meningitis. Earlier initiation of
ART has been associatedwith increasedmortality, particularly
in those lacking CSF inflammation.
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