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Abstract

Purpose of Review This review highlights the difficulties in diagnosing and treating persons with a prior history of cryptococ-
cal meningitis who improve but suffer from a recurrence of symptoms. This scenario is well known to those who frequently
care for patients with cryptococcal meningitis but is not well understood. We highlight major gaps in knowledge.

Recent Findings We recently summarized our experience with 28 persons with paradoxical immune reconstitution inflam-
matory syndrome (IRIS) and 81 persons with microbiological relapse. CD4 count and cerebrospinal fluid white blood cell
count were higher in IRIS than relapse but neither was reliable enough to routinely differentiate these conditions.
Summary Second-episode cryptococcal meningitis remains a difficult clinical scenario as cryptococcal antigen, while excel-
lent for initial diagnosis has no value in differentiating relapse of infection from other causes of recurrent symptoms. Updated

research definitions are proposed and rapid, accurate diagnostic tests are urgently needed.

Keywords Cryptococcal meningitis - Second episode cryptococcal meningitis - Immune reconstitution inflammatory

syndrome - Cryptococcosis

Introduction/Definitions

Cryptococcal meningitis is the leading cause of meningi-
tis in sub-Saharan Africa, leading to 19% of AIDS-related
deaths [1e]. Assuming the availability of lumbar puncture
(LP) and cryptococcal antigen (CrAg) testing, the initial
occurrence of cryptococcal meningitis can be easily diag-
nosed. The CrAg lateral flow assay (LFA) by Immy, Inc.
(Norman, Oklahoma, USA) is >99% sensitive and specific
in diagnosing first episodes of cryptococcal meningitis [2].

While the first episode of cryptococcal meningitis can be
readily diagnosed using available tools, the second episode is
much more complex. When discussing a second presentation
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of cryptococcal meningitis, it is crucial to define the type
of second presentation. A second episode indicates a sce-
nario where a patient initially exhibited improvement after
receiving treatment for cryptococcal meningitis but later
experienced a recurrence of meningitis symptoms. Ideally,
a negative fungal culture is available from the initial episode
(from a LP conducted later in the induction course), but cul-
ture is not available in many settings. Second episodes may
be due to (1) relapse of infection, (2) paradoxical immune
reconstitution inflammatory syndrome (IRIS), (3) persis-
tent elevated intracranial pressure (ICP) in the absence of
IRIS or relapse, or (4) persistent symptoms of meningitis in
the absence of any of the first three scenarios, Fig. 1 [3ee].
Persistent infection may also present as waxing and waning
symptoms, giving the impression of temporary improvement
before a recurrence of symptoms. Alternative infections or
co-infections are possible and should be considered; how-
ever, these are not the focus of this review [4-6].

We define these types of second presentations of crypto-
coccal meningitis as follows:

e Relapse: A recurrence of meningitis symptoms after ini-
tial improvement (including negative cerebrospinal fluid
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Fig. 1 Possible etiologies of second episodes of cryptococcal meningitis. IRIS, paradoxical immune reconstitution inflammatory syndrome

(CSF) fungal culture from initial episode) with positive

CSF fungal culture at the time of symptom recurrence.
e Paradoxical IRIS: A recurrence of meningitis symptoms
after initial improvement (including negative CSF fun-
gal culture from initial episode) and a subsequent new
start of anti-retroviral therapy (ART) OR improved ART
adherence OR intervening change in ART regimen with
negative CSF fungal culture at the time of symptom
recurrence.
Persistently elevated ICP: A recurrence of meningitis
symptoms after initial improvement (including negative
CSF fungal culture from initial episode) with negative
current CSF fungal culture and persistently elevated CSF
opening pressure above 250 mmH20 with improvement
of symptoms on LP but no elevation in CSF cell count or
protein.
Persistent symptoms: A recurrence of meningitis
symptoms after initial improvement (including nega-
tive CSF fungal culture), negative current CSF fungal
culture, no elevation in CSF cell count, protein, or
opening pressure.
Persisting infection that is inadequately treated with ini-
tial induction therapy. This is usually deciphered by his-
tory of inadequate induction antifungal therapy.
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A positive CSF cryptococcal culture at the time of recur-
rence of meningitis symptoms defines a recurrence, distin-
guishing this second episode from the other possibilities.
Culture is the definitive test currently available, although we
are aware that Cryptococcus neoformans can enter a viable,
but non-culturable state, and so culture is likely to be imper-
fect in detecting all viable yeast [7]. In addition, we included
CSF protein and white blood cell count in the definitions
of the third and fourth categories to avoid misclassification
of atypical IRIS or relapse as strictly having persistent ICP
or meningitis symptoms. Although we consider these defi-
nitions to be reasonable, it is crucial to establish updated,
standardized definitions that are agreed upon by key stake-
holders to enable effective comparison of future research.

The Impact of ART Availability
on the Recurrence of Cryptococcal
Meningitis

Given the increased availability of antiretroviral therapy,
the relative proportions of populations in which crypto-
coccal meningitis occurs have changed. Over the last dec-
ade, the majority of patients with cryptococcal meningitis
has switched from being ART-naive to having had prior
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exposure to ART [8—11]. Thus, in this context, an individual
patient is less likely to have a new start of ART after cryp-
tococcal meningitis than was previously the case. Rather,
questions related to ART may focus on ART resistance,
regimen changes, whether to continue ART that clearly has
not been effective or was not being taken in an ideal fash-
ion, and/or timing of switching regimens. All of these fac-
tors must be considered when attempting to decipher the
diagnostic etiology of the second episode of cryptococcal
meningitis symptoms.

Epidemiology/Risk Factors

Cryptococcal meningitis is estimated to affect approximately
152,000 HIV-positive people annually as 2020 [1e]. Recur-
rent symptoms occur in approximately 5-10% of survi-
vors [3ee, 6]. As noted above, the availability of ART has
increased over the past two decades which may affect the
number of people presenting with a second episodes and
the classification of such episodes. Before the widespread
use of ART, a study conducted in Cambodia between 1999
and 2008 described 1440 people with HIV (PWH) and
cryptococcal meningitis [12]. Only 2.4% (34/1440) had
previously received ART at diagnosis. Of the 750 patients
who were alive and in care 3 months after diagnosis, 85.9%
received secondary prophylaxis for cryptococcal meningitis,
and 13.7% (103/750) had a disease recurrence a median of
5.7 months after diagnosis of cryptococcal meningitis [12].
The most common type of recurrence was culture-positive
relapse.

In a study conducted in Uganda after ART scale-up, we
analyzed data from 724 persons with HIV-related crypto-
coccal meningitis of whom 16% (117/724) presented with
a second episode of cryptococcal meningitis symptoms
[3ee]. Of the second episodes, 11% (81/724) were classi-
fied as relapse, 4% (28/724) as paradoxical IRIS, two persis-
tently elevated intracranial pressure, and six with persistent
symptoms [3ee]. Among those diagnosed as relapse, 90.1%
(73/81) were already on ART at presentation as were all 28
with paradoxical IRIS. Concerningly, only 53.8% (42/78) of
those with available data, who were diagnosed with relapse,
reported current fluconazole use. In a 2022 publication from
China, paradoxical IRIS prevalence was higher, 22% (19/86)
at a median of 32 days after starting ART [13].

Factors affecting the risk of relapse include (1) flucona-
zole monotherapy induction, which can select for resistance;
(2) non-adherence to or lack of secondary prophylaxis; and
(3) failure of linkage-to-care or retention-in-care of HIV
ART programs [14]. Risk factors for the development of
cryptococcal meningitis paradoxical IRIS include initia-
tion of ART within 4 weeks of antifungal therapy, high
initial antigen burden, and a paucity of a baseline CSF

inflammatory response [15-19]. Use of fluconazole con-
solidation therapy at doses of 400 mg/day is also a likely
significant risk factor for relapse or paradoxical IRIS, based
on cross-comparison of cohorts [19-22] as is current Cryp-
tococcus fluconazole susceptibility [23].

Clinical Presentation

The clinical presentation of patients with a second episode
of cryptococcal meningitis symptoms can vary, but symp-
toms often relate to elevated ICP or inflammation. Remark-
ably, persons can have CSF culture positivity without symp-
toms [24]; however, once increased ICP occurs, symptoms
may include headache, vomiting, photophobia, or diplopia
due to increased pressure on the optic nerves or glaucoma.
Long-term ICP elevation may result in permanent vision
loss, either due to optic nerve demyelination or secondary
retinal detachment with retinal hemorrhage [25, 26]. Hearing
impairment or hearing loss may be caused by inflamma-
tion of the vestibulocochlear nerve. Stiffness of the neck and
lower limbs and less often backache due to irritation of the
meninges or seizures can also occur, most often secondary
to CSF inflammation. Other focal neurologic deficits can
result from cryptococcomas. Hydrocephalus is uncommon
in ART-naive cryptococcosis, but this may occur on ART
and can lead to lethargy and coma. Patients with crypto-
coccal relapse or IRIS may also have non-CNS manifesta-
tions of disseminated cryptococcal infection including fever,
cough, shortness of breath, skin lesions, and/or lymphad-
enopathy [20].

The clinical presentation alone can be similar among per-
sons with relapse, IRIS, persistent ICP elevation, persistent
symptoms, or alternative infections. Patients with persis-
tently elevated ICP often experience misdiagnosis in their
second symptomatic episodes following the initiation, re-
initiation, or switch of the ART regimen [14]. While relapse
and IRIS are the most common etiologies, clinicians should
maintain an open mind, keeping in mind the possibility of
alternative infections such as tuberculous meningitis, toxo-
plasmosis, or CNS lymphomas, among others.

Diagnosis

Diagnosis of second-episode of cryptococcosis is com-
plex. The importance of taking a detailed history cannot
be overstated. Information regarding the induction regi-
men for initial cryptococcal meningitis episode, previous/
current fluconazole consolidation and secondary prophy-
laxis regimens (including dose and adherence), history of
ART (including regimen, adherence, and timing), history
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of LP opening pressure measurements, and the frequency
of lumbar puncture and CSF culture fungal burden during
the primary episode are all potentially important details.
In the absence of well-documented medical records, these
details can be difficult to discern, and patients frequently
will not know all of the details and complexities of their
initial treatment. Further, these factors are part of the entire
clinical picture and do not singularly make the diagnosis.
For instance, time from initial cryptococcal meningitis epi-
sode cannot reliably differentiate IRIS from relapse. Both
occur a median of 3—4 months from the initial episode with
interquartile ranges in one study from 3 to 12 months [3ee,
27] Testing for alternative diagnoses may be indicated but
is outside of the scope of this review.

The diagnosis of primary cryptococcal meningitis can be
reliably made by several tests using CSF samples obtained
by LP. Although CrAg LFA is the most sensitive (>99%),
other tests such as CrAg latex agglutination (sensitivity
97%), culture (sensitivity 94%), and India ink (sensitivity
related to burden) are used in different settings and in gen-
eral allow for diagnosis in most cases [28].

However, antigen-based tests cannot reliably distinguish
true microbiological relapse from IRIS as the cryptococcal
glucuronoxylomannan polysaccharide antigen decays unpre-
dictably, both in CSF and in blood. CrAg may persist for
months to years [29-31]. Thus, after an index episode, if a
patient presents with a recurrence of symptoms, CrAg will
generally be positive, regardless of the cause. For instance,
in our cohort of 81 patients with relapse and 28 patients with
IRIS, all patients had positive CSF and blood CrAg tests
[3ee]. Table 1 shows performance characteristics for diag-
nostic tests in relapse of cryptococcal meningitis. India ink is
a stain that spares the yeast cells because the Cryptococcus
capsule cannot absorb it, while the background fill allows
the viewer to visualize the Cryptococcus against a light
background [28]. Like CrAg, India ink cannot distinguish
between live and dead cells, so it cannot reliably distinguish
IRIS from relapse, and the test is relatively insensitive (42%
in one study < 1000 colony-forming units/mL) at low fun-
gal burdens, meaning that cases of relapse with low burden
could be missed [28, 32]. We have observed positive CSF
India ink stains as long as 9 months after initial infection,
in persons who were CSF culture negative with paradoxical
IRIS [20]. Only culture can reliably distinguish relapse from
IRIS, but results are too slow (~7 days) for clinical action.
Thus, clinicians make empiric choices, whereby an incor-
rect choice means that patients are unnecessarily exposed to
medication toxicities, and their actual illness is not treated.

There are novel tests which are of interest. We tested
the CSF BioFire FilmArray Meningitis/Encephalitis panel
(Cryptococcus is one of 14 pathogens detected by this
multiplex polymerase chain reaction (PCR) assay). Of the
70 follow-up samples collected within a month of initial

[2, 3ee,28, 69]
[17, 28]

[2, 300, 28]
[3ee, 28]

[3ee, 330, 340]

Ref

mL), high cost, and infrastructure requirements, cold-

Cannot distinguish between relapse and IRIS, potential
chain shipping

false negative due to post-zone effect
Insensitive at fungal burdens (< 1000 CFU/mL), not

specific
ture and lab expertise requirements may miss non-

Slow (up to 14 days) to results, significant infrastruc-
culturable but viable yeast in relapse cases

shipping, electrical supply, lab infrastructure, and
Poor sensitivity at low fungal burdens (< 100 CFU/

Less sensitive than CrAg LFA, requires cold-chain
labor-intensive
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quantitative culture may give clinicians information

on treatment response
CrAg and more closely mirrors culture

More sensitive than culture, low cost, heat stable, rapid,
and no lab infrastructure needed

Current reference standard for diagnosis of relapse,
More rapidly negative on repeat testing compared to

Highly sensitive, relatively rapid
Rapid, cheap, and widely available

Advantages

relapse
~0%
~0%
100%

ity in
0%
92%

Sensitivity in relapse Specific-

100%
42-86%*
~94%*

Performance data is estimated in some cases based on performance in primary cryptococcal meningitis and other factors where data specific to relapse is not available

Table 1 Summary of diagnostic tests for the diagnosis of cryptococcal meningitis relapse

CrAg cryptococcal antigen, LFA lateral flow assay, CFU colony-forming unit

CrAg latex agglutination 97-100%
BioFire FilmArray PCR  82%

Test

CrAg LFA
India ink
Culture
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diagnosis, a negative BioFire test had 84% (26/31) nega-
tive predictive value (compared to culture), meaning when
the BioFire FilmArray was negative, the CSF culture was
also negative. Among two meningitis cohorts [33e, 34e], 19
persons presented with recurrent symptoms. The BioFire
PCR correctly identified 11 of 12 who had a culture-positive
relapse with a positive test, and 7 of 7 with paradoxical IRIS
with a negative test [33e, 34¢]. Similar results are presented
by Van et al. [35].

Metagenomic next-generation sequencing (mNGS) is
also of interest in CNS infections. In our study of second
episode cryptococcal meningitis, mNGS correctly iden-
tified 10 of 11 participants with relapse, and mNGS did
not detect Cryptococcus in 9 participants adjudicated to
have paradoxical IRIS or 1 participant with isolated per-
sistent symptoms [3ee]. Although mNGS, in one study,
was able to detect most cases positive by CrAg or cul-
ture, performance was poorer after exposure to antifungal
therapy [36]. Yet, more data is required on both the Bio-
Fire panel and mNGS to differentiate relapse and other
causes of second episode cryptococcal meningitis. Other
major barriers to implementation include cost of the tests,
equipment requirements, and, in the case of BioFire, poor
sensitivity of only 29% (2/9) at low fungal burdens when
the quantitative CSF culture < 100 CFU/mL [3ee].

Thus, while BioFire PCR appears promising, its diag-
nostic performance in the second episode of cryptococ-
cosis is based on fewer than two dozen cases. It remains
concerning that PCR misses low-growth culture positives,
which take the longest to grow. Thus, culture remains the
key diagnostic test. CSF culture requires at least 100 mcL
of CSF (ideally 1 mL) as an adequate input volume.

Immunology

Fundamentally, the CSF immune response differs at time
of culture-positive relapse vs. paradoxical IRIS [17, 20].
Culture-positive relapse can frequently be associated
with either an anergic immune response (i.e., absence
of CSF pleocytosis) or an inappropriate Type-2 T-helper
cell (Th2) CD4 response with elevated interleukin-13 in
CSF. Conversely, paradoxical IRIS often has an appropri-
ate type of immune response with Type-1 T-helper cell
(Th1) response with CSF elevations of interferon-gamma
and chemokine CXCLI10.

An example described previously of an insightful case
of a research participant with culture-positive relapse at
12 weeks followed by paradoxical IRIS event at 20 weeks
of ART [20]. At time of relapse, CSF grew 34,000 col-
ony-forming units (CFU) of Cryptococcus per mL of CSF.
The CSF white cells and protein were unchanged from

initial diagnosis (5 WBCs/uL and protein 40 mg/dL). In
comparison to time-matched controls without IRIS or
relapse, no serum cytokine was > 1 standard deviation
(SD) different from controls with only a minimally ele-
vated serum c-reactive protein (CRP) of 10.8 mg/L. This
participant’s ART was optimized, and 4 weeks later at
time, they presented with paradoxical IRIS, the CRP had
risen to 98.2 mg/L, and multiple pro-inflammatory serum
cytokines were elevated > 3SD from the mean of time-
matched controls including interleukin(IL)-1ra, IL6, GM-
CSF, and to a lesser degree IL-17 and interferon-gamma
(e.g.,> 1SD and < 3SD elevated. In CSF, CSF white cells
and interferon-gamma were markedly increased. Thus,
we observed a clear immunologic difference between
relapse and paradoxical IRIS, with very little inflamma-
tion evident at the time of relapse but marked inflamma-
tion present at the time of IRIS. In other cases, at time of
relapse, more Th2 inflammation was observed with ~ 100-
fold increased CSF levels of IL-13 in comparison to para-
doxical IRIS.

Treatment

Management of second-episode of cryptococcal meningitis
depends on the final diagnosis. In addition, one must take
into account the seriousness of the illness and its associ-
ated complications, as well as the patient’s ART status. A
thorough history may provide important information when
empiric treatment choices are necessary. Table 2 shows
management strategies for the various second presenta-
tions of cryptococcal meningitis.

The approach to managing relapse of cryptococcal men-
ingitis may be altered by the level of fluconazole adherence.
Many cases of cryptococcal meningitis relapse are caused by
insufficient fluconazole secondary prophylaxis, ineffective or
inadequate induction phase antifungal therapy, or non-adher-
ence to antifungal medications [3ee, 14]. Relapse is more
likely if fluconazole has not been used as recommended. In
such situations, first-line induction antifungal therapy based
on the WHO'’s treatment guidelines for initial episode cryp-
tococcal meningitis is typically used [37¢]. Because treat-
ment trials specifically designed for relapse have not been
done, recommendations are extrapolated from primary cryp-
tococcal meningitis if the risk of fluconazole resistance is
deemed low (low local fluconazole resistance patterns and
no/minimal previous fluconazole treatment experience).

We agree with the WHO recommendations for the induc-
tion phase of cryptococcal meningitis as treatment for relapse
with one of the following: (1) a single high dose of liposo-
mal amphotericin B (10 mg/kg) AND flucytosine (100 mg/
kg/day) + fluconazole 1200 mg/day for 14 days OR (2)
amphotericin B deoxycholate (1 mg/kg/day) + flucytosine
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Table 2 Treatment for second-episode cryptococcal meningitis

Intracranial pressure management, antifungals, and corticosteroids

ICP control

Cryptococcal meningitis relapse without complications

Cryptococcal meningitis relapse with suspected fluconazole resistance

A key component of cryptococcal care in all scenarios is ICP control

e Lumbar puncture performed with a manometer in the lateral decubitus
position to measure CSF opening pressure

o With initial elevated ICP and/or ongoing symptoms, daily lumbar
puncture, until pressure is normalized

e Monitor for recurrence of headache, at times twice daily lumbar punc-
tures are necessary, initially

e If no CSF opening pressure initially measured, strongly consider
repeat lumbar puncture within <48 h. When a headache is present,
repeat immediately

o ICP control with daily lumbar puncture
Management according to WHO guidelines

Induction

e Single-high dose amphotericin B liposomal (10 mg/kg) AND flucyto-
sine (100 mg/kg/day) + fluconazole 1200 mg/day for 14 days

Or

e Amphotericin B deoxycholate (1 mg/kg/day) + flucytosine (100 mg/
kg/day) for 1 week, followed by 1 week of fluconazole (1200 mg/day
for adults)

Or

e o Fluconazole (1200 mg daily for adults) + flucytosine (100 mg/kg/day
for 14 days)

Consolidation therapy for 8 weeks
e Fluconazole 800 mg/day

o ICP control with daily lumbar puncture
Offer the WHO first-line induction therapy treatment as above and
obtain fluconazole resistance testing if available, concurrently. If flu-
conazole resistance is confirmed with IC5,> 64 pg/mL, use alternative
management strategies

Induction
e Amphotericin B/liposomal + flucytosine X 7 to 14 days

Consolidation therapy

e Weekly amphotericin B deoxycholate at 1 mg/kg or liposomal ampho-
tericin B at 3—-5 mg/kg until CD4 > 200 cells/ uL

Or

Alternative azoles that may be used:

e Voriconazole (400 mg every 12 h on day one then 200 mg twice daily)

e [savuconazole (200 mg every 12 h on day one then 200 mg once per
day)

e Posaconazole (300 mg every 12 h on day one, then daily)

e Itraconazole (200 mg every 8 h times X 3 days then twice per day)

Or if no options exist:

o Achieve CSF sterility with amphotericin induction therapy; document
sterility, then:

e Monthly amphotericin B with high-dose fluconazole daily

> With fluconazole 800 mg/day, ~70% will achieve CSF concentra-
tions > 32 pg/mL

o With fluconazole 1200 mg/day, ~ 85% will achieve CSF concentra-
tions > 32 ug/mL and 50% achieve > 64 pg/mL

o With fluconazole 1600 mg/day, ~70% will achieve CSF concentra-
tions > 64 ug/mL [23]
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Table 2 (continued)

Intracranial pressure management, antifungals, and corticosteroids

Cryptococcal meningitis relapse with suspected cryptococcoma

Cryptococcal meningitis relapse and suspected paradoxical IRIS

Paradoxical IRIS

ART management

ART naive cryptococcal meningitis relapse

ART experienced cryptococcal meningitis relapse

Isolated ICP elevation and complication management
Elevated ICP with no CNS complications

Symptomatic communicating hydrocephalus
CNS mass effect

Persistent symptoms and alternative infections
Persistent symptoms
Alternative infection

e Liposomal amphotericin 10 mg/kg every 2 weeks in combination with
fluconazole 8001200 mg daily and flucytosine 100 mg/kg/day

® Monitor resolution of symptoms and reduction in the CNS lesion size
with CT scans/MRI

e For consolidation therapy, switch to fluconazole 800-1200 mg daily
with improvement of symptoms or imaging

o ICP control can be important but may need to be more cautious
depending on clinical picture (e.g., focal neurological signs)

o ICP control with daily lumbar puncture

o Antifungals as above for relapse

o Cautious use of corticosteroids can be considered, so long as ampho-
tericin B is being given as re-induction therapy

o ICP control with daily lumbar puncture, until pressure is normalized

o ICP control with daily lumbar puncture

o If persistent symptoms or life threatening, corticosteroids are used.
Typical dosing is 1.5 mg/kg prednisone equivalent daily with tapering
after 2—4 weeks based on the patient’s response. Corticosteroid-spar-
ing agents have been used when tapering is difficult to achieve or side
effects are severe

e For critically ill patients with altered mental status and inflammatory
CSF with pleocytosis, higher initial corticosteroid does have been used

e Serum C-reactive protein may be useful to gauge response to steroids
and guide tapering

o ART naive, stable patients: Initiate ART(1st line) between 4 and
6 weeks after antifungal therapy commencement

e ART naive patients with other opportunistic infections and very low
CD4: May consider ART earlier after 2 weeks on a case by case basis
and clinical judgement keeping in mind this may lead to worse cryp-
tococcal meningitis outcomes and is high risk and so one must believe
benefit for other OIs is paramount

e Recently started on ART < 1 month (adherent/non adherent): Hold
ART-re-initiate 4 to 6 weeks later with concurrent antifungal therapy

e Started on ART between 1 and 3 months (adherent/non adherent):
Continue ART, manage as possible unmasking IRIS

e On ART >3 months (adherent): Continue ART, rule out treatment
failure, consider ART switch after 4 to 6 weeks

e On ART > 3 months, recent/ current drug interruption: Delay re-
starting ART by 4 to 6 weeks, then re-initiate on current 1st line ART.
Monitor viral load

e Repeat daily therapeutic lumbar punctures until normalized on 2
consecutive days and with resolution of symptoms

e Lumbar drain or VP shunt are options for persistently elevated pres-
sure, ideal timing unclear

e Patient education essential to communicate promptly if repeated
headache occurs

e Occasionally corticosteroids may be useful

e VP shunt placement is preferred, in some settings frequent LP may be
used as an alternative

e Variable management, may require surgery, corticosteroids
o Consult with neurosurgery

Symptomatic treatment, ongoing search for alternative diagnoses
Treatment directed to the alternative infection, varies by pathogen

IRIS immune reconstitution inflammatory syndrome, /CP intracranial pressure, ART anti-retroviral therapy, CNS central nervous system, VP

ventriculoperitoneal
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(100 mg/kg/day) for 1 week, followed by 1 week of flucona-
zole (1200 mg/day). For persons who are not ill enough to
be hospitalized, one alternative outpatient regimen can be
fluconazole (1200 mg daily) + flucytosine (100 mg/kg/day,
divided into four doses per day for 14 days. Fourteen days of
re-induction therapy are typically unnecessary and/or hospi-
talization for that long becomes impractical/unnecessary, thus
we favor single-dose liposomal amphotericin. The induction
phase is followed by consolidation and secondary prophylaxis
with fluconazole. The initial approach should also include ICP
management, reinforcement of adherence, fluconazole testing
when indicated/possible, and delay in the start of ART for
4 weeks in those not currently on (and adhering to) ART [37e].
At time of second episode, any positive culture should
have fluconazole susceptibility tested. The minimum
inhibitory concentrations for fluconazole have been ris-
ing against Cryptococcus neoformans clinical isolates,
particularly with a two-fold increase over the last decade
[23, 38e, 39, 40]. Importantly, in situations where patients
have strictly adhered to fluconazole treatment, flucona-
zole resistance may still occur, and resistance testing is
even more important in such cases of treatment failure
even when adherence appears to have occurred. Among
persons taking fluconazole at 200 mg/day, a projected
21% will have fluconazole plasma and CSF levels below
the 50% inhibitory concentration (ICs,), and at 400 mg/
day, an estimated 8.8% will have plasma concentrations
below the ICs, [23]. While CSF and plasma have similar
fluconazole concentrations, parenchymal brain tissue con-
centrations of fluconazole are only ~50% of that of plasma
(unpublished). Pending susceptibility results, increasing
the fluconazole dose for consolidation therapy is prudent.
In the event of fluconazole resistance, multiple studies
have investigated the utilization of alternative antifungal
agents [41, 42]). In vitro analysis demonstrated that itra-
conazole effectively eliminated fungi; however, its limited
ability to penetrate CSF resulted in a higher incidence of
relapse compared to fluconazole [43, 44]; although the
original clinical trials were performed with tablet formu-
lations of itraconazole which has more variable bioavail-
ability [44]. Voriconazole has good CNS penetration, and
its effect was similar to adjunctive fluconazole as part of
amphotericin-based combination therapy [45, 46]. Isavu-
conazole, similarly has CNS penetration with some reports
of use in case reports [47-49], yet, isavuconazole is not
readily available in most low- and middle-income country
settings. Posaconazole is also of interest [50]. These are
generally only used as alternative agents for consolida-
tion/secondary prophylaxis or as part of salvage therapy
regimens. First-trimester pregnancy is also another chal-
lenging situation. We have also used weekly intravenous
amphotericin, when avoidance of azoles is necessary,
given the long half-life and lack of teratogenicity [51e].
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Cryptococcoma(s)

Patients who experience relapse with CNS cryptococcoma(s)
usually have slower elimination of the fungus and require
prolonged administration of intravenous amphotericin (some-
times up to 6 weeks) [52, 53]. In such situations, instead of
prolonged daily administration for weeks, we favor liposomal
amphotericin given at 10 mg/kg every 2 weeks with duration
re-assessed based on clinical status in combination with flucona-
zole 800—1200 mg/day and ideally flucytosine 100 mg/kg/day.
In this situation, the primary way to determine if it is appropriate
to switch to consolidation therapy is primarily by symptoms of
improvement and/or the appearance of the lesion(s) on imaging.
However, it is important to note that this area is largely only sup-
ported by anecdotal evidence. The many poor outcomes largely
discourage reporting of case reports or case series.

Increased ICP

The management of increased ICP is crucial whether in relapse,
IRIS, or in patients with neither but with ongoing issues with
elevated intracranial pressures. WHO recommends (and we
agree) that patients should undergo daily therapeutic LPs regard-
less of their initial opening pressure [37¢]. This should continue
until the pressure returns to normal for two consecutive LPs,
and symptoms of increased ICP have resolved [37¢]. In patients
who have consistently elevated ICP, lumbar drains and ventricu-
loperitoneal shunts are options where available [54-57]. These
interventions can decrease both the severity of the illness and
the number of deaths. However, the risk of secondary infections
makes these treatments less desirable unless absolutely neces-
sary, especially in settings with limited resources [57, 58]. Man-
nitol and acetazolamide are ineffective in controlling ICP and
may be harmful, so they are not recommended [59-61].

Paradoxical IRIS

Treatment for paradoxical IRIS should initially focus on
controlling elevated ICP through therapeutic LPs. Based
on the degree of CNS inflammation present, therapy may
be supportive or corticosteroids may be considered. Cor-
ticosteroids should be used in cases of life-threatening or
persistent IRIS [18]. Serum CRP can be a good guide to
assess response to therapy. At time of IRIS, serum CRP
is often elevated (median 40 mg/L, IQR 21 to 129) which
can at times reach non-physiologic extreme elevations,
i.e.,> 300 mg/L, in severe cases [20]. In cases of IRIS,
CRP responses rapidly with corticosteroid use, and CRP
can be used as a surrogate marker to guide burst then
taper of steroids. For difficult, persistent cases, to spare
corticosteroid use, some have used thalidomide [62, 63],
lenalidomide [64], hydroxychloroquine [65], azathioprine
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[18], and monoclonal antibodies against tumor necrosis
factor-alpha (TNF-a) such as infliximab or adalimumab
[66]. The use of corticosteroids should be approached
with caution as steroids have the potential to cause iat-
rogenic harm when ongoing infection is present [67, 68].
In general, when starting corticosteroids with a CSF cul-
ture pending < 7 days from collection, we always escalate
antifungal therapy, pending culture results. Single-dose
liposomal amphotericin given at 10 mg/kg can be particu-
larly useful in this situation to provide enhanced antifun-
gal therapy to cover for possible culture-positive relapse
while initiating empiric corticosteroids for IRIS. When
there is a lack of CSF pleocytosis or a lack of serum
CRP elevation, one should reconsider the diagnosis of
paradoxical IRIS before giving empiric corticosteroids.

Timing of HIV Therapy Change or Re-initiation

ART initiation should be delayed by 4-6 weeks in ART-naive
patients [9] or those who have stopped taking ART prior to
admission, who are stable, have no other life-threatening co-
morbidities, and relatively good CD4 counts above 50 cells/ uL.
after starting antifungal therapy. In ART-experienced patients,
the management of ART is approached on an individual basis,
considering factors such as adherence history, timing, and
obtaining current viral load measurements before reaching a
decision.

Conclusions/Future Research

Second episodes of cryptococcal meningitis present a clinical
conundrum, and a paucity of published literature exists for
this condition. Herein, we have proposed standardized clinical
case definitions of the common scenarios observed, which can
help standardize clinical care and standardize future research.

The role of ART access is important but as access
improves, cryptococcal meningitis continues to occur
[10]. Thus, proper and continuous ART use, in addition
to access, is crucial to cryptococcal meningitis relapse and
paradoxical IRIS prevention.

Additionally, our understanding of the ideal treatments for
both cryptococcal antigenemia and cryptococcal meningitis
continues to evolve. It is crucial that as knowledge improves,
health systems and clinicians adapt. Adherence to those stand-
ard of care treatments is important not only for patients but
also for health systems and Ministries of Health (who often
decide what treatments are available) as well as primary care
providers. Ultimately, adherence to the best treatments is
likely to prevent future relapse, IRIS, and drug resistance.

That said, even in ideal scenarios, recurrent symptoms will
occur and the current situation, where we rely on culture for

diagnosis, is insufficient. Our patients need a rapid and accu-
rate test(s) to differentiate relapse from other causes of recur-
rent symptoms. Because treatments vary among the potential
causes of symptom recurrence and can cause harm when used
in the wrong setting—this is an urgent need, particularly in low-
resourced, high cryptococcal disease burden settings which the
scientific community must address.
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