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Background. Increased antiretroviral therapy (ART) availability has been associated with more patients developing cryptococ-
cosis after ART initiation. Despite this changing epidemiology, data regarding cryptococcal meningitis in those already receiving 
ART are limited. We compared clinical presentations and outcomes among ART-naïve and ART-experienced Ugandans.

Methods. We prospectively enrolled 605 HIV-infected persons with first-episode cryptococcal meningitis from August 2013 to 
May 2017 who received amphotericin-based combination therapy. We classified participants by ART status and ART duration and 
compared groups for 2-week survival.

Results. Overall, 46% (281/605) of participants were receiving ART at presentation. Compared with those not receiving ART, 
those receiving ART had higher CD4 counts (P < .001) and lower cerebrospinal fluid fungal burdens (P < .001). Of those receiving 
ART, 56% (156/281) initiated ART within 6 months, and 18% (51/281) initiated ART within 14 days. Two-week mortality did not 
differ by ART status (27% in both ART-naïve and ART-experienced%; P > .99). However, 47% (24/51) of those receiving ART for 
≤14 days died within 2 weeks, compared with 19% (20/105) of those receiving ART for 15–182 days and 26% (32/125) of those 
receiving ART for >6 months (P < .001). Among persons receiving ART for >6 months, 87% had HIV viral loads >1000 copies/mL.

Conclusions. Cryptococcosis after ART initiation is common in Africa. Patients initiating ART who unmask cryptococcal men-
ingitis are at a high risk of death. Immune recovery in the setting of central nervous system infection is detrimental, and manage-
ment of this population requires further study. Implementing pre-ART cryptococcal antigen screening is urgently needed to prevent 
cryptococcal meningitis after ART initiation.
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Expanded access to antiretroviral therapy (ART) in Africa has 
corresponded to increasing numbers of patients presenting 
with opportunistic infections after initiating ART. Although 
cryptococcal meningitis occurring early after ART initia-
tion can be largely prevented through pre-ART cryptococcal 
antigen (CrAg) screening, this practice has yet to be widely 
implemented [1, 2]. As a result, Cryptococcus remains the lead-
ing cause of adult meningitis in Africa, where it accounts for 
approximately 15% of AIDS-related mortality [3–5].

Despite the changing epidemiology of cryptococcal men-
ingitis, most research studies to date have enrolled primarily 

ART-naïve subjects, and current guidelines focus on this 
population. Outcome data for persons developing crypto-
coccal meningitis while already receiving ART are lack-
ing, with conflicting evidence on whether outcomes are 
improved in patients on ART compared with ART-naïve 
individuals [6–9]. Moreover, a “one size fits all” approach to 
understanding cryptococcal meningitis in ART-experienced 
persons may be overly simplistic. Persons with virologic fail-
ure and/or nonadherence may be immunologically similar 
to an ART-naïve population. However, the “unmasking” of 
existing subclinical, untreated cryptococcal infection shortly 
after ART initiation may be substantially different immuno-
logically [10, 11].

Outcomes of unmasking cryptococcosis have not been well 
characterized. Early ART initiation after cryptococcal men-
ingitis diagnosis in ART-naïve individuals is associated with 
higher mortality [12], but whether recent ART initiation before 
the diagnosis of cryptococcal meningitis is also associated with 
similarly poor outcomes is unknown. We compared the clinical 
presentation and outcomes in ART-naïve and ART-experienced 
Ugandans presenting with their first episode of cryptococcal 
meningitis.
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METHODS

We prospectively enrolled 605 HIV-infected adults with first 
episode of cryptococcal meningitis who presented to 2 pub-
lic referral hospitals in Uganda from August 2013 through 
May 2017 as part of an ongoing trial investigating the use of 
adjunctive sertraline for cryptococcal meningitis treatment 
(ASTRO-CM; ClinicalTrials.gov: NCT01802385). The first 
149 participants were enrolled in an open-label dose-ranging 
phase of the study using sertraline at doses of 100–400  mg 
daily [13]. Starting in March 2015, participants were enrolled 
in a double-blind, 1:1 randomized clinical trial testing whether 
sertraline dosed initially at 400 mg daily has a survival bene-
fit compared with placebo when receiving standard antifungal 
therapy [14].

Participants provided written informed consent at the time 
of cryptococcal diagnosis, which was made via cerebrospinal 
fluid (CSF) CrAg lateral flow assay (Immy Inc., Norman, OK). 
Clinical and laboratory data were collected over a 12–18-
week period with approval from institutional review boards in 
Uganda and Minnesota.

Study Design

At enrollment, subjects were classified by whether they were 
receiving ART at initial presentation. Individuals were consid-
ered to be receiving ART if they had received any ART within 
30  days of enrollment. Among those receiving ART, partici-
pants were grouped by ART duration into having initiated, rein-
troduced, or switched ART within (1) 14 days, (2) 15–182 days, 
or (3) >182 days (6 months) before meningitis diagnosis. ART 
duration was defined as time to presentation with meningitis 
from ART initiation in participants receiving uninterrupted 
ART (n = 233; 83% of those receiving ART), from time of ART 
reintroduction in those receiving ART but with a history of 
defaulting (n = 19; 7%), or from time of class switch in those 
with a previous history of virologic failure necessitating a 
change in ART regimen (n = 29; 10%). History of cryptococcal 
meningitis, ART status, and timing of ART initiation was ascer-
tained through self-report and confirmed by review of medical 
records.

Participants received standard antifungal therapy plus pla-
cebo or adjunctive sertraline for 14  days, followed by a dose 
of 200  mg/d for the next 10–12 weeks before discontinuing 
sertraline or placebo in a tapered fashion. Standard antifun-
gal therapy included amphotericin B (0.7–1.0  mg/kg/d) for 
up to 14  days and fluconazole (800  mg/d) for ~4 weeks, fol-
lowed by fluconazole 400  mg/d for 8 weeks of consolidation 
therapy. Amphotericin was generally discontinued after 7 days 
if the baseline CSF culture was sterile at 7 days postcollection, 
with continuation of fluconazole and sertraline or placebo. 
Participants receiving ART at the time of presentation generally 
continued their ART regimen, though the decision to continue 
or suspend ART was left to provider discretion. Corticosteroid 

use for suspected immune reconstitution inflammatory syn-
drome or other indication was also left to provider discretion. 
Quantitative HIV-1 viral loads were obtained in those receiving 
ART for >6  months. For ART-naïve participants or those on 
failing regimens, ART was initiated or changed at 4–6 weeks.

Therapeutic lumbar punctures were routinely performed on 
day 3, day 7, at the end of amphotericin therapy, and as needed 
for control of intracranial pressure. Quantitative CSF cultures 
were performed with 5 serial 1:10 dilutions of 100 μL CSF, as 
described elsewhere [7, 15]. CSF culture sterility was defined 
as no growth of Cryptococcus after 10 days of incubation, with 
a limit of detection of 10 colony-forming units (CFU) per mL.

Study Outcomes and Analysis

We compared groups based on ART status and ART duration 
at meningitis diagnosis. The primary study end point was mor-
tality at 2 weeks. Secondary end points included mortality at 
10 weeks and CSF fungal clearance. CSF clearance rate over 2 
weeks (early fungicidal activity [EFA]) by ART status and tim-
ing was calculated for all participants with at least 2 quantita-
tive CSF cultures via linear regression models, as previously 
described [16, 17].

Baseline characteristics and outcomes were compared across 
ART groups, with Kruskal-Wallis tests for continuous var-
iables and chi-square or Fisher exact tests, as appropriate, for 
categorical variables and outcomes. Unadjusted and adjusted 
Cox proportional hazards models and Kaplan-Meier curves 
were used to examine the association between ART groups and 
mortality. Adjusted models considered factors that may be con-
founded with early mortality, including baseline CSF sterility, 
Glasgow Coma Scale (GCS) score, CSF white blood cell count, 
and hemoglobin. Additional Cox proportional hazards models 
were used to check for possible interaction effects between time 
on ART and receipt of sertraline during the study. All analyses 
were conducted with SAS, version 9.3 (SAS Institute).

RESULTS

Study Population and Comparison by ART Status

Among 605 HIV-infected adults with first episode of crypto-
coccal meningitis, 46% (281/605) were receiving ART at 
presentation (Figure 1), having initiated ART a median (inter-
quartile range) of 17 (3–104) weeks before cryptococcal men-
ingitis diagnosis. Those receiving ART had higher CD4 counts, 
lower initial CSF fungal burdens, lower baseline hemoglobin 
levels, and were more likely to be receiving concurrent tubercu-
losis (TB) therapy than those not receiving ART at cryptococcal 
meningitis diagnosis (Table 1). A CD4 count of <100 cells/μL 
at the time of meningitis diagnosis was present in 89% of those 
receiving ART.

We did not observe a significant difference in CSF fungal 
clearance based on ART status. Those receiving ART were more 
likely to receive corticosteroids compared with ART-naïve 
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participants (16% vs 10%; P = .04). Overall mortality was 27% 
(163/605) at 2 weeks and 44% (266/605) at 10 weeks. Mortality 
did not differ between ART-naïve and ART-experienced partic-
ipants. Receipt of sertraline did not impact mortality, and there 
were no significant interactions between sertraline use and ART 
status or timing in subgroup analysis, as described elsewhere 
[13, 14].

The overall 2-week mortality did not differ for those who 
had positive vs sterile CSF cultures at cryptococcal meningitis 
(CM) diagnosis (27% in both groups). Although baseline CSF 
sterility was rare in ART-naïve individuals (3%; 10/324), it was 
associated with a 2-week mortality of 50% (5/10). Among those 
receiving ART, in contrast, baseline CSF sterility was more 
common (14%; 38/281), and 2-week mortality was 21% (8/38; 
mortality data not shown).

Clinical Characteristics and Outcomes by ART Duration

Among participants receiving ART at the time of enrollment, 
56% (156/281) had initiated ART within 6  months and 18% 
(51/281) had initiated ART within 14 days (Table 2). Participants 
starting ART ≤6  months before diagnosis had higher CD4 
counts and were more likely to present with CSF pleocytosis 

First episode of  CM
n = 605

ART status

ART timing

ART ≤ 14 days
n = 51 (18%)

ART 15–182 days
n = 105 (37%)

ART > 6 months
n = 125 (44%)

Receiving ART
n = 281 (46%)

ART naïve
n = 324 (54%)

Figure 1. Study cohort. The cohort included persons with first-episode crypto-
coccal meningitis, of whom 46% were receiving antiretroviral therapy (ART) at pres-
entation. More than half of the patients receiving ART at cryptococcal meningitis 
diagnosis had initiated ART within 6 months of diagnosis, 18% of whom initiated 
ART within 14 days of cryptococcal meningitis diagnosis. Abbreviations: ART, anti-
retroviral therapy; CM, cryptococcal meningitis.

Table 1. Clinical Presentation and Outcomes by ART Exposure Status

No ART Receiving ART P  Value

No. per group 324 281

Duration of ART, wk -- 17 (3, 104)

Demographics

 Age, y 35 (30, 41) 35 (30, 40) .81

 Men 202 (62) 168 (60) .56

 Receiving TB therapy 16 (5) 40 (14) <.001

Baseline clinical parameters

 Glasgow Coma Scale < 15 139 (43) 128 (46) .57

 Weight, kg 52 (48, 58) 50 (44, 57) .17

 Hemoglobin, g/dL 11.9 (10.3, 13.2) 11.2 (9.7, 12.6) <.001

 Creatinine, mg/dL 0.7 (0.6, 0.9) 0.7 (0.6, 0.9) .11

 CD4 count, cells/μL 12 (6, 38) 23 (7, 56) <.001

 CD4 count < 100 cells/μL 294 (95) 240 (89) <.01

Baseline CSF parameters

 Opening pressure > 25 cmH2O 162 (57) 133 (53) .43

 CSF culture, log10 CFU/mL 5.0 (4.0, 5.6) 4.1 (2.1, 5.2) <.001

 Sterile culture 10 (3) 38 (14) <.001

 WBC < 5 cells/μL 206 (66) 163 (62) .22

Management and outcomes

 Received corticosteroids 33 (10) 45 (16) .04

 No. of LPs received 3 (2, 4) 3 (2, 4) .20

 Attained CSF sterilitya 136 (44) 128 (54) .04

 CSF clearance rateb –0.34 (–0.48, –0.20) –0.36 (–0.58, –0.23) .21

Mortality

 Within 2 wk 87 (27) 76 (27) >.99

 Within 10 wk 139 (43) 127 (45) .62

Data are median (P25, P75) or No. (%). P value by Kruskal-Wallis test or Fisher exact test. 

Abbreviations: ART, antiretroviral therapy; CFU, colony-forming units; CSF, cerebrospinal fluid; LP, lumbar puncture; TB, tuberculosis; WBC, white blood cell count.
aWithin 18 days of cryptococcal meningitis diagnosis; excludes those who started with sterile culture or died before day 14.
bLog10 CFU/mL CSF/d, calculated using a patient-specific linear regression model.

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/5/8/ofy122/5002135 by U

.S. D
epartm

ent of Justice user on 16 August 2022



4 • OFID • Rhein et al

compared with those initiating ART >6  months before diag-
nosis. Baseline demographics and clinical characteristics were 
otherwise similar between ART duration groups of ≤14 days, 
15–182 days (6 months), and >6 months.

Those receiving ART for 15–182 days tended to have lower 
baseline fungal burdens and better rates of CSF fungal clearance, 
though these differences were not significant (P = .08 for both 
comparisons). Corticosteroids were more commonly adminis-
tered in participants receiving ART for ≤6 months (27% of cases 
receiving ART for ≤14  days and 21% of those receiving ART 
for 15–182 days, compared with 7% of those receiving ART for 
>6  months; P <  .001), and ART was frequently suspended in 
those receiving ART for ≤14 days (41% of cases vs 14% and 21% 
for those on ART 15–182  days and >6  months, respectively; 
P < .01).

Two-week mortality was significantly higher in those receiv-
ing ART for ≤14  days (47%; 24/51) compared with those 
receiving ART for 15–22  days (19%; 20/105) and >6  months 
(26%; 32/125; P < .01). Differences in mortality occurred early 
during the first month of antifungal treatment, with those 

receiving ART for >14 days having similar mortality to ART-
naïve participants (Figure 2). The hazard ratio (HR) for 2-week 
mortality comparing those on ART 1–14  days with those on 
ART >14 days was 1.9 (95% CI, 1.2–2.9; P < .01). Results were 
similar when the cutoff for days on ART was 7, 21, or 28 days 
(Figure 3). Additionally, in a model adjusted for baseline CSF 
sterility, GCS <15, CSF white blood cell count <5 cells/µL, and 
hemoglobin, the hazard ratio for 2-week mortality comparing 
those on ART 1–14 days with those on ART >14 days remained 
basically unchanged (HR, 1.8; 95% CI, 1.10–3.01; P = .02).

Virologic Failure and Adherence in Late ART-Associated Cryptococcal 
Meningitis

Cryptococcal meningitis presenting after individuals had 
been receiving ART for >6  months was usually an indication 
of virologic failure. Plasma HIV-1 viral loads were obtained 
within 30 days of study enrollment for 36% (45/125) of those 
with an ART duration >6 months at diagnosis. Of those with 
viral load measurements, 91% (41/45) had detectable HIV virus 
(≥40 copies/mL), 87% (39/45) had >1000 copies/mL, and 47% 
(21/45) had >100 000 copies/mL.

Table 2. Clinical Presentation and Outcomes by ART Duration

ART Duration ≤14 d 15–182 d >6 mo P  Value

No. per group 51 105 125

Duration of ART, wk 1 (1, 1) 8 (4, 13) 128 (63, 230)

Demographics

 Age, y 33 (28, 41) 34 (30, 40) 36 (30, 40) .56

 Men 31 (61) 62 (59) 75 (60) .97

 Receiving TB therapy 3 (6) 17 (16) 20 (16) .15

Baseline clinical parameters

 Glasgow Coma Scale < 15 26 (51) 53 (50) 49 (39) .17

 Weight, kg 48 (35, 56) 48 (41, 53) 53 (46, 64) .18

 Hemoglobin, g/dL 11.2 (10.3, 12.4) 11.4 (9.7, 12.5) 10.9 (9.2, 12.8) .76

 Creatinine, mg/dL 0.7 (0.6, 1.1) 0.7 (0.5, 0.8) 0.7 (0.5, 0.8) .14

 CD4 count, cells/μL 31 (9, 56) 35 (15, 78) 10 (5, 41) <.001

 CD4 count <100 cells/μL 41 (87) 89 (86) 110 (91) .57

Baseline CSF parameters

 Opening pressure > 25 cmH2O 23 (51) 48 (52) 62 (55) .90

 CSF culture, log10 CFU/mL 4.6 (2.6, 5.3) 3.0 (1.6, 4.8) 4.1 (2.6, 5.3) .08

 Sterile CSF culture 5 (10) 21 (20) 12 (10) .06

 WBC < 5 cells/μL 27 (54) 49 (51) 87 (74) <.001

Management and outcomes

 Received corticosteroids 14 (27) 22 (21) 9 (7) <.001

 ART suspendeda 13 (41) 13 (14) 24 (21) .006

 No. of LPs received 3 (2, 4) 3 (2, 4) 3 (2, 4) .93

 Attained CSF sterilityb 21 (48) 53 (64) 54 (49) .07

 CSF clearance ratec –0.36 (–0.85, –0.22) –0.40 (–0.65, –0.24) –0.30 (–0.47, –0.22) .08

Mortality

 Within 2 wk 24 (47) 20 (19) 32 (26) <.01

 Within 10 wk 29 (57) 45 (43) 53 (42) .19

Data are median (P25, P75) or No. (%). P value by Kruskal-Wallis test or Fisher exact test. 

Abbreviations: ART, antiretroviral therapy; CFU, colony-forming units; CSF, cerebrospinal fluid; LP, lumbar puncture; TB, tuberculosis; WBC, white blood cell count.
aDefinition of ART suspension: ART discontinuation within 7 days of presentation, with intention to restart at 4–6 weeks.
bWithin 18 days of cryptococcal meningitis diagnosis; excludes those who started with sterile culture or died before day 14.
cLog10 CFU/mL CSF/d, calculated using patient-specific regression model.
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In 110 participants on ART for >6 months who gave self-re-
ports, adherence was >95% for 59 (54%) patients and 50%–95% 
for 51 (46%) patients. No participants reported <50% ART 

adherence. Among those on ART >6 months, follow-up HIV-1 
viral loads were obtained after 6 weeks in 12 of the 41 individ-
uals with detectable baseline HIV-1 RNA levels. Among these 
follow-up viral loads, no virologic suppression was observed 
despite ART adherence monitoring between measurements.

DISCUSSION

Individuals with cryptococcal meningitis in this cohort fre-
quently presented after initiating ART, and persons initiating 
ART within 2 weeks before meningitis diagnosis had an almost 
2-fold higher acute mortality. Few studies have compared the 
clinical presentation and outcomes of ART-naïve and ART-
experienced individuals with cryptococcal meningitis, and this 
is the first study to specifically examine the timing of ART ini-
tiation in relation to the development of cryptococcal meningi-
tis in those receiving ART. Several observations from this study 
should be highlighted. First, cryptococcal meningitis occurring 
in ART-experienced populations is now common in Africa [18]. 
In this cohort of adult patients in Uganda, nearly half of all sub-
jects were already receiving ART at the time of diagnosis, paral-
leling trends in other recently published clinical trials [19–21].

Second, although participants receiving antecedent ART and 
those who were ART-naïve had similar survival overall, out-
comes differed based on duration of ART relative to cryptococcal 
meningitis diagnosis. Most importantly, individuals who devel-
oped cryptococcal meningitis within 14 days of initiating ART 
appear to be at an increased risk for death. This finding is sup-
ported by a recent multicenter retrospective study that observed 
a shorter ART duration among those with unfavorable outcomes 
developing cryptococcal meningitis while already receiving ART 
(median, 2 months vs 19 months for those receiving ART and 
having favorable outcomes) [22]. Existing data comparing out-
comes in Africa by baseline ART status consist of cohorts from 
Botswana [8] and South Africa [7, 9], which showed benefit and 
no benefit of ART, respectively. Conflicting outcomes from these 
studies might be explained by ART duration relative to diagno-
sis. Although these studies did not categorize participants by 
ART duration, the South African studies observed a median 
antecedent ART duration of 30 and 41  days. In contrast, the 
Botswana study reported a median time of 93 days. If the shorter 
duration of ART in the South African studies reflects a greater 
proportion of individuals developing cryptococcal meningitis 
shortly after initiating ART, then the benefits of ART observed 
in the Botswana study may have been mitigated by a higher mor-
tality in those with recent ART initiation.

Our observation of increased mortality in those initiating 
ART shortly before developing cryptococcal meningitis is sim-
ilar to other ART timing trials that have observed detrimen-
tal outcomes with early initiation of ART after the diagnosis of 
central nervous system (CNS) infection [12, 23–25]. In the case 
of cryptococcal meningitis, it therefore seems plausible to con-
clude that ART initiation in the context of active CNS infection 
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Figure 2. Kaplan-Meier survival plot by antiretroviral therapy (ART) status and 
timing. Mortality was highest among 51 participants receiving ART for ≤14 days, 
compared with those receiving ART for a more extended period (n = 230) or those 
who were ART naïve (n = 324). The differences in mortality occurred over the initial 
~3 weeks. Abbreviation: ART, antiretroviral therapy.
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participants receiving ART, individuals developing cryptococcal meningitis within 
28 days of initiating ART had increased mortality. The figure plots the hazard ratio 
for mortality within 2 weeks as a function of ART duration from ART initiation to 
development of cryptococcal meningitis. Abbreviations: ART, antiretroviral therapy; 
CI, confidence interval.
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is harmful, regardless of whether the diagnosis is made before 
or after starting ART. High early mortality could be driven by 
preexisting subclinical meningitis at the time of ART initiation, 
leading to an exaggerated aberrant inflammatory response in 
the CNS. Those receiving ART for slightly longer periods of 
time (15 days to 6 months), in contrast, may not yet have devel-
oped meningitis at the time of ART initiation. In this scenario, a 
more appropriate inflammatory response in the CNS might be 
expected once meningitis develops, resulting in the appearance 
of symptoms at lower fungal burdens and comparatively better 
outcomes. Per this model, the existence of subclinical meningi-
tis at the time of ART initiation would be hazardous, whereas 
the progression from non-CNS cryptococcosis to meningitis 
after ART has already been initiated would not.

Finally, the development of cryptococcal meningitis in those 
receiving ART for >6 months is a strong predictor of HIV viro-
logic failure. This underscores the importance of obtaining a 
thorough ART history to avoid restarting ART in nonadherent 
or defaulting patients. Virologic suppression was not attained in 
follow-up viral load measurements before ART regimen switch, 
suggesting HIV drug resistance rather than poor ART adher-
ence or a bump in viral load secondary to acute illness. Thus, for 
individuals presenting with cryptococcal meningitis while on 
ART for >6 months, HIV drug resistance must be considered, 
with the need to switch to an alternative ART regimen after 
4–6 weeks of antifungal therapy. Furthermore, as HIV virologic 
failure appears to be a risk factor for cryptococcal meningitis 
in patients already enrolled in ART programs, targeted CrAg 
screening of high-risk individuals with virologic failure could 
be useful for preventing cryptococcosis.

Findings from this study highlight 2 components of rou-
tine HIV care important for the prevention of ART-associated 
cryptococcosis. First, pre-ART CrAg screening could have 
identified CrAg-positive individuals requiring antifungal ther-
apy beforeART initiation [10, 26]. Among individuals in this 
cohort who were diagnosed while receiving ART for ≤6 months, 
nearly 90% had a CD4 <100 cells/μL and would have been iden-
tified for preemptive antifungal therapy had pre-ART CrAg 
screening been universally implemented over the study period. 
Second, almost half of the individuals presenting with crypto-
coccal meningitis while on ART had been receiving ART for an 
extended duration and had virologic failure. Failing ART regi-
mens would have been detected had universal viral load moni-
toring been available in Uganda over the study period.

We have characterized cases of cryptococcosis developing 
shortly after initiating ART as “unmasking” meningitis and 
have implied that this involves exaggerated inflammation due 
to restoration of cellular immune function consistent with a 
form of immune reconstitution inflammatory syndrome (IRIS) 
[11, 27]. This would be supported by the higher rates of baseline 
CSF cellular infiltrate observed in those initiating ART within 
≤6  months of diagnosis. It is unclear if similar detrimental 

patterns observed with early ART initiation after cryptococcal 
meningitis diagnosis, such as increased macrophage activa-
tion or detrimental type 2 helper (Th2) CD4 T cell immune 
responses [28], also occur in cases of unmasking cryptococcal 
meningitis. Nonetheless, an association of mortality with the 
timing of ART suggests an immunologic mechanism leading 
to more acute illness [29], in contrast to the typical subacute 
course evolving over weeks in cases of cryptococcal meningitis 
in ART-naïve individuals [30].

More data are needed regarding the optimal management 
of unmasking cryptococcosis, and several important ques-
tions regarding potential therapeutic interventions exist. For 
example, do the risks inherent in abruptly stopping ART justify 
a possible benefit of ART discontinuation? It remains a mat-
ter of speculation as to whether interrupting ART would influ-
ence the mechanisms underlying the deleterious effects of ART. 
Given a presumed role of inflammation, another unanswered 
question is whether there could be a role for immunomodu-
lating therapy in cases of unmasking cryptococcal meningitis. 
Although current guidelines suggest a potential benefit from 
glucocorticoids for paradoxical IRIS [31–33], there have not 
been controlled trials evaluating their use in unmasking IRIS. 
A recent large clinical trial was unable to demonstrate a benefit 
of adjunctive steroids in cryptococcal meningitis, even among 
individuals initiating ART within 3 months of diagnosis [19]. 
A  limitation of this study is that both corticosteroid use and 
withholding ART were left to provider discretion and occurred 
more frequently in those who had recently initiated ART. 
Controlled trials should seek to better delineate the harms and 
benefits of these potential interventions in this subpopulation 
of patients.

Another limitation of this study was a modest sample size 
developing cryptococcal meningitis shortly after initiating ART. 
Although our sample size was small, we have observed growing 
numbers in this subpopulation and expect this trend to con-
tinue with the roll-out of a test-and-treat strategy geared toward 
HIV [34]. We hope this report promotes discourse regarding 
the management of these cases and emphasizes the urgency 
of implementing routine pre-ART CrAg screening. Future 
research should build upon our observations regarding the tim-
ing of ART, seek to provide validation and understanding, and 
help determine the optimal clinical approach for individuals 
developing cryptococcosis while already receiving ART.

In summary, this study demonstrated that cryptococcal 
meningitis now commonly occurs among ART-experienced 
persons and that developing cryptococcal meningitis within 
14 days of initiating ART carries a high risk of mortality. These 
findings support urgent and widespread implementation of pre-
ART CrAg screening to prevent cryptococcal meningitis after 
ART initiation. Further studies are needed to understand the 
immuno-pathologic mechanisms underlying the high mortal-
ity observed in those recently starting ART, with the goal of 
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developing more optimal, customized, host-directed treatment 
strategies in the future.
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