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High Cryptococcal Antigen Titers in Blood Are
Predictive of Subclinical Cryptococcal Meningitis Among
Human Immunodeficiency Virus-Infected Patients
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Background. High mortality rates among asymptomatic cryptococcal antigen (CrAg)-positive patients identified through
CrAg screening, despite preemptive fluconazole treatment, may be due to undiagnosed cryptococcal meningitis.

Methods. Symptoms were reviewed in CrAg-positive patients identified by screening 19233 individuals with human immu-
nodeficiency virus infection and CD4 cell counts <100/pL at 17 clinics and 3 hospitals in Johannesburg from September 2012 until
September 2015, and at 2 hospitals until June 2016. Cerebrospinal fluid samples from 90 of 254 asymptomatic patients (35%) and
78 of 173 (45%) with headache only were analyzed for cryptococcal meningitis, considered present if Cryptococcus was identified
by means of India ink microscopy, culture, or CrAg test. CrAg titers were determined with stored blood samples from 62 of these
patients. The associations between blood CrAg titer, concurrent cryptococcal meningitis, and mortality rate were assessed.

Results.  Cryptococcal meningitis was confirmed in 34% (95% confidence interval, 25%-43%; 31 of 90) of asymptomatic CrAg-
positive patients and 90% (81%-96%; 70 of 78) with headache only. Blood CrAg titer was significantly associated with concurrent
cryptococcal meningitis in asymptomatic patients (P < .001) and patients with headache only (P = .003). The optimal titer for pre-
dicting cryptococcal meningitis was >160 (sensitivity, 88.2%; specificity, 82.1%); the odds ratio for concurrent cryptococcal menin-

gitis was 34.5 (95% confidence interval, 8.3-143.1; P < .001).
Conclusions.

About a third of asymptomatic CrAg-positive patients have concurrent cryptococcal meningitis. More effective

clinical assessment strategies and antifungal regimens are required for CrAg-positive patients, including investigation for crypto-

coccal meningitis irrespective of symptoms. Where it is not possible to perform lumbar punctures in all CrAg-positive patients,
blood CrAg titers should be used to target those most at risk of cryptococcal meningitis.
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Cryptococcal antigenemia is strongly predictive of subse-
quent cryptococcal meningitis in human immunodeficiency
virus (HIV)-infected adults with CD4" T-lymphocyte (CD4
cell) counts <100/uL [1, 2]. This forms the basis of a “screen-
and-treat” approach to early detection, whereby HIV-infected
patients with CD4 cell counts <100/uL are tested for crypto-
coccal antigen (CrAg) in blood (whole blood, plasma, or
serum) before commencing antiretroviral therapy (ART). If
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the CrAg test is positive and patients have no signs or symp-
toms of meningitis, they are treated with a preemptive course
of fluconazole; 800 mg/d for 2 weeks, followed by 400 mg/d
for 8 weeks and then 200 mg/d pending immune reconsti-
tution with ART. This strategy is included in World Health
Organization (WHO) management guidelines for patients
with advanced HIV infection [3-5] and has been adopted as
recommended practice in several countries [6, 7]. However,
the optimal management of patients who have cryptococcal
antigenemia and do not have overt clinical evidence of men-
ingitis is yet to be determined.

Evidence in recent years suggests that the CrAg screen-and-
treat approach reduces the incidence of subsequent crypto-
coccal meningitis and death [8-10]. However, most studies
have found a persistent and independent association between
cryptococcal antigenemia and mortality, despite preemp-
tive fluconazole therapy [8-12], implying that CrAg-positive
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patients may not be adequately investigated and treated under
current guidelines.

A proportion of CrAg-positive patients may have meningeal
infection with Cryptococcus without exhibiting any signs or
symptoms, or reporting headache only [10, 13]. These cases of
“subclinical cryptococcal meningitis” are likely to be underrecog-
nized, because WHO guidelines do not specifically recommend
lumbar punctures (LPs) among asymptomatic CrAg-positive
patients [4], and where the procedure is routinely offered, LP
uptake is poor [9, 10, 14]. Furthermore, many resource-limited
settings where CrAg screening is now being implemented do not
have access to the required equipment or health workers with
the ability to perform LPs at the screening site [15].

Headache is commonly and inconsistently reported among
patients with advanced HIV infection [16-19], and prior studies
have found having a headache to be a poor predictor of crypto-
coccal meningitis in CrAg-positive patients [10, 19]. Physicians
therefore frequently omit to perform LPs if headache occurs
without any other neurological signs or symptoms [9, 10, 14, 17].

Studies have shown an association between blood CrAg
titer and the development of subsequent cryptococcal men-
ingitis and/or mortality in CrAg-positive patients [1, 11, 19,
20]. However, the relationship between blood CrAg titer and
concurrent cryptococcal meningitis has not yet been systemat-
ically investigated. We performed a cross-sectional study (1) to
establish the prevalence of subclinical and minimally sympto-
matic (patients with headache only) cryptococcal meningitis
and (2) to determine whether blood CrAg titer was predictive
of concurrent cryptococcal meningitis in CrAg-positive indi-
viduals identified during routine screening, who were asymp-
tomatic or reported headache only, and who underwent LP. A
subsequent prospective cohort study assessed the relationship
between CrAg titer and concurrent cryptococcal meningitis,
and between CrAg titer and death within 6 months.

METHODS

The studies were conducted at 17 primary care clinics and 3 hos-
pitals in Johannesburg from September 2012 until September
2015, and at 2 hospitals (Helen Joseph and Tambo Memorial
Hospital) until June 2016. Ethics approval was granted by the
University of the Witwatersrand and the London School of
Hygiene and Tropical Medicine; the study protocol was also
cleared by the Centers for Disease Control and Prevention. All
HIV-infected individuals presenting to these facilities during
the study period with a CD4 cell count <100/puL had a quali-
tative CrAg test performed in the laboratory, performed using
a lateral flow assay (ImmunoMycologics) on remnant ethyl-
enediaminetetraacetic acid-containing blood from the CD4
cell count sample. If they were CrAg positive, individuals aged
>16 years were invited to participate in the study.

If patients were enrolled, information (including the presence
of headache or confusion) was collected from them, or from

their medical records, by professional study nurses using stand-
ardized structured questionnaires. CrAg-positive patients were
managed by their usual health providers, who received regular
training on national guidelines for CrAg screening and treat-
ment [6], delivered by study investigators. The recommended
management was initial assessment for any symptoms or signs
of meningitis and, if these were present, urgent referral for
investigation of cryptococcal meningitis with LP and subse-
quent treatment as appropriate [6]. If symptoms and signs of
meningitis were absent, the guidelines suggested that LP should
be considered “if available” If LP was not performed, or if it
excluded a diagnosis of cryptococcal meningitis, a course of
preemptive fluconazole for >12 months was recommended, fol-
lowing WHO guidance [4].

We carried out a cross-sectional study to establish the prev-
alence (using exact binomial confidence intervals [CIs]) of
concurrent cryptococcal meningitis, and the relationship with
blood CrAg titer, in participants with neither headache nor
confusion, and those with headache only, who underwent LP
within a month of review of their CrAg test result. Sample sizes
of 88 and 62 participants were required to determine estimated
prevalences of concurrent cryptococcal meningitis of 35% and
80% in the asymptomatic and headache-only groups, respec-
tively, with 10% precision. Concurrent cryptococcal meningitis
was defined as occurring in those who had Cryptococcus iden-
tified by means of cerebrospinal fluid (CSF) microscopy with
India ink, fungal culture, and/or CSF CrAg testing.

CrAg-positive whole blood samples were sent from the diag-
nostic facilities to the reference laboratory during the study
period, and were stored at —70°C. CrAg titers were determined
using the CrAg lateral flow assay on serially diluted samples of
thawed unspun whole blood, using manufacturer’s instructions.
Titers were read manually by 3 investigators, who were blinded
to the CSF results and to each others’ readings. Serially diluted
blood samples were tested until the next reading was negative.
If readings were discordant, the higher reading was used as long
as there was agreement within a double dilution.

The association between blood CrAg titer and concurrent
cryptococcal meningitis was tested using a Mann-Whitney
U test for the asymptomatic, headache-only, and combined
groups. A receiver operating characteristic curve was used to
establish an optimal “cutoff” titer that could be used to screen
for concurrent cryptococcal meningitis, and the sensitivity
and specificity of this titer was determined. The cutoff titer
was then used to estimate the odds ratio (OR) of concurrent
cryptococcal meningitis with a high blood CrAg titer, and other
variables were assessed for their association with cryptococcal
meningitis.

Prospective data on ART, antifungal treatment and mortality
were obtained from clinic and phone-call follow-up and/or review
of clinical and laboratory records for up to 3 years. Progression
to death within 6 months in those with or without concurrent
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cryptococcal meningitis and with high or low blood CrAg titer
was examined using Kaplan-Meier estimates and a multivariate
Cox proportional hazards model. The following variables were
considered potential confounders: age, sex, baseline CD4 cell
count, ART status, headache, and receipt of any antifungal therapy
after LP. Assuming a 15% risk of death among those with a blood
CrAg titer <160 (based on a previous study [20]), with a 2-sided
significance of 95% and power of 80%, a sample size of 2120 indi-
viduals was required in each group to detect a difference in mor-
tality rate of 215% among those with blood CrAg titer >160.

RESULTS

Of 19233 HIV-infected patients >16 years old with CD4 cell
counts <100/uL who were screened during the study period, 851
were CrAg positive (4.4%; 95% CI, 4.1%-4.7%). Demographic
and clinical data (Supplementary Table S1) including signs and
symptoms of meningitis were available for 505 patients (59.3%).

Of these, 254 (50.3%; 95% CI, 45.8%-54.7%) reported no head-
ache or confusion at the time of the CrAg test, 173 (34.3%;
30.1%-38.6%) reported a headache without any confusion, and
78 (15.4%; 12.4%-18.9%) were confused (see Figure 1). There
were no significant differences in age (P = .29), sex (P = .48) or
CD4 cell count (P = .25) between those groups with no symp-
toms, headache only, or confusion (Supplementary Table S1).
CSF results from an LP performed within 30 days after receiv-
ing the CrAg result (median, 2.5 days; interquartile range [IQR],
1-7 days) were available for 90 of 254 asymptomatic CrAg-positive
patients (35.4%) and 78 of 173 (45.1%) with headache only. Of note,
no LP was recorded for 50 of 173 patients (28.9%) who reported a
headache (and results were not available for the other 45 patients
who were recorded to have undergone LP). There was no significant
difference in age or sex; however, CD4 cell counts were lower in those
who underwent LP than in those who did not (median, 22/uL [IQR,
7-39/uL] vs 27/uL [10-53/uL]; P = .01) (Supplementary Table S1).

19,233 HIV+, CD4 <100 cells/pl attending study facilities in
Johannesburg (Sep 2012 - June 2016) had blood CrAg screening

| 851 (4.4%) CrAg-positive 346 no
available
clinical
— - information
505 CrAg-positive with
documented assessment for
signs and symptoms of
meningitis at the time of testing
254 (50.3%) were 173(34.3%) hada
asymptomatic headache only
168/427 had an LP and
documented CSF analysis results
90(35.4%) 78(45.1%) headache
asymptomatic only
31(34%) had 59 (66%) did 70(90%) had 8 (10%) did
concurrentCM not have CM concurrentCM not have CM
111 had no
blood
sample
available

62 had blood CrAg titres performed
37 asymptomatic (11 with subclinical CM, 26 with no CM)
25 with headache only (23 with CM, 2 with no CM)

Figure 1.
fluid; HIV, human immunodeficiency virus; LP, lumbar puncture.

Flow-chart to show individuals included and excluded from studies. Abbreviations: CM, cryptococcal meningitis; CrAg, cryptococcal antigen; CSF, cerebrospinal
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On analysis of CSE, 31 of 90 asymptomatic patients (34%; 95%
CI, 25%-45%) and 70 of 78 (90%; 81%-96%) with headache only
had evidence of meningeal infection with Cryptococcus. Having
a headache compared with no symptoms was strongly predic-
tive of concurrent cryptococcal meningitis (OR, 16.7; 95% CI,
7.1-39.0; P < .001). There was no significant difference between
patients with and those without concurrent cryptococcal men-
ingitis in terms of age (median, 37 vs 39 years; P = .24) or sex
(male, 53% vs 44%; P = .3), although CD4 cell counts were lower
in those with concurrent cryptococcal meningitis (median, 19/
uL [IQR, 5-35/uL] vs 25 [10-42/uL]; P = .06).

Thirty-seven (41%) of the 90 asymptomatic patients with CSF
results, and 25 (32%) of the 78 with headache only had stored

samples available for blood CrAg titer analysis. Patients from
whom blood samples were available were not significantly dif-
ferent from those without samples in terms of age, sex, or CD4
cell count (P > .05) (Supplementary Table S1). Titers ranged
from <5 to 2560 (median, 40; IQR, 10-160) in those with no
evidence of meningeal involvement, and from 40 to 6.7 x 10’
(median, 5120; 1280-81 920) in those with cryptococcal men-
ingitis (Figure 2). Blood CrAg titer was significantly associated
with cryptococcal meningitis in both asymptomatic patients
(P < .001) and those with headache only (P = .003), with area
under the receiver operating characteristic curve of 0.93 (Figure
3). The optimal cutoft titer for predicting concurrent subclini-
cal cryptococcal meningitis was >160, with sensitivity of 88.2%
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Figure 2.  Blood cryptococcal antigen (CrAg) titers in asymptomatic CrAg-positive patients (n = 37) (A), minimally symptomatic CrAg-positive patients (n = 25) (), and com-
bined cohort of asymptomatic and minimally symptomatic patients (n = 62) (C), with or without concurrent cryptococcal meningitis. CSF, cerebrospinal fluid.
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Figure 3. Receiver operating characteristic (ROC) curve for blood cryptococcal
antigen and cryptococcal meningitis among patients with no symptoms or signs of
meningitis and those reporting headache only (n = 62).

and specificity 82.1% (Table 1). A blood CrAg titer of >160 had
an OR of 34.5 for concurrent cryptococcal meningitis (95% CI,
8.3-143.1; P <.001) in the combined group and 11.2 (2.3-54.6;
P =.002) in the asymptomatic group. The association between
a blood titer of >160 (or =320) and concurrent cryptococcal
meningitis remained significant, even with adjustment for CD4
cell count (OR, 38.4; 95% CI, 8.0-185.0; P < .001).

All participants with symptom review and LP results avail-
able (n = 168) were followed up for a median of 37 days (range,
1-180 days). Of those with available data, appropriate antifun-
gal therapy was started in 89 of 107 (83%); 44 of 45 patients
(98%) with cryptococcal meningitis received intravenous
amphotericin B and oral fluconazole, and 45 of 62 of those with-
out (73%) received oral fluconazole.

Of 101 patients who had concurrent cryptococcal menin-
gitis, 22 (22%) died, and 6 (6%) were lost to follow-up during
the first 6 months, compared with 12 (18%) and 8 (12%) of 67

Table 1. Sensitivity and Specificity for Concurrent Cryptococcal
Meningitis by Blood Cryptococcal Antigen Titer Cutoff Level in Patients
With No Symptoms or Signs of Meningitis or With Headache Only (n = 62)°

Blood CrAg Sensitivity Specificity
Titer Cutoff (95% CI), % (95% ClI), %
>5 100 (89.7-100) 21.4 (8.3-41.0)
>10 100 (89.7-100) 32.1 (15.8-52.4)
>20 100 (89.7-100) 46.4 (275-66.1)
>40 971 (84.7-99.9) 57.1 (37.2-75.5)
>80 91.2 (76.3-98.1) 71.4 (51.3-86.8)
>160 88.2 (72.5-96.7) 82.1 (63.1-93.9)
>320 79.4 (62.1-91.3) 85.7 (67.3-96.0)
>640 76.5 (58.8-89.3) 89.2 (71.8-97.7)
>1280 70.6 (52.5-84.9) 96.4 (81.7-99.9)
>2560 61.8 (43.6-778) 100 (87.7-100)

Abbreviations: Cl, confidence interval; CrAg, cryptococcal antigen.

°CrAg titers were determined using the serial dilution method.

patients without cryptococcal meningitis. No association was
found between age, sex, CD4 cell count, CrAg titer (categor-
ical analysis of high or low CrAg titer using a cut-off of >160
or >320), headache, or ART status, and risk of death. However,
receipt of any antifungal agent (amphotericin B, fluconazole, or
a combination) was found to be protective (hazard ratio [HR],
0.20; 95% CI, .08-.49; P < .001). With adjustment for receipt of
antifungal therapy, the HR for death in those with concurrent
cryptococcal meningitis was 2.00 (95% CI, .83-4.78; P = .12) in
asymptomatic patients (Figure 4) and 1.82 (.88-3.79; P=.11) in
the combined cohort. There remained no significant association
between having a high or low (cut-off >160) CrAg titer above
160 and mortality risk (HR, 1.58; 95% CI, .57-4.36; P = .38).

DISCUSSION

More than a third of CrAg-positive patients with no signs or
symptoms of meningitis, and 90% of those reporting headache
only, had evidence of meningeal involvement at CSF analysis. In
both groups, higher blood CrAg titers were associated with an
increased risk of concurrent cryptococcal meningitis. A cutoff
of >160 had moderate sensitivity (88.2%) and specificity (82.1%)
for predicting CNS disease; however, no single titer cutoff could
distinguish with 100% accuracy between those with and those
without concurrent cryptococcal meningitis.

Previous studies have found higher CrAg titers to be associated
with subsequent cryptococcal meningitis and death, with titers
above a cutoft of about 160 consistently indicating increased risk
(Tables 2 and 3). Apart from our study, limited evidence exists for
an association between CrAg titer and concurrent cryptococcal
meningitis in patients with no symptoms or signs of meningi-
tis, or reporting headache only. Where CrAg-positive patients
have undergone LP after screening, the prevalence of concur-
rent cryptococcal meningitis is 25%-78%, with increased risk in

Kaplan-Meier survival estimates
- ‘\W—_\—‘_‘—\;
~ 4

Adjusted HR 2.00 (95% CI 0.83 - 4.78, p=0.12)

0 50 100 150 200

analysis time
Number at risk
cmcat=neg 59 34 31 28 0
cmcat=pos 31 12 10 10 0
| cmcat = neg cmcat = pos |

Figure 4. Kaplan-Meier survival estimates in 90 asymptomatic cryptococcal anti-
gen (CrAg)-positive patients with or without subclinical cryptococcal meningitis
(CM). Cl, confidence interval; HR, hazard ratio.
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Table 2. Studies Analyzing Association of Blood Cryptococcal Antigen Titer and Subsequent Cryptococcal Meningitis and/or Death

Association between blood CrAg titer and CM

Country Year  Study design and/or mortality Notes Ref

Association between blood CrAg titer and subsequent CM and/or mortality

South Africa 2009 Retrospective analysis of CrAg titers Higher baseline titer associated with increased ~ No baseline LP performed. [1]
(using Latex Agglutination, LA) on risk of mortality (p=0.02), subsequent Symptoms and fluconazole use
pre-ART blood samples from 46 cryptococcal meningitis (p=0.03) and relapse unknown.
patients. (all >512) within 1y.

Tanzania 2011 CrAg screening of all HIV positive Higher titer associated with mortality (p=0.004). All symptomatic, 15/17 had [17]
hospital admissions. Serum CrAg cryptococcal meningitis.
titers (LFA) on 17/333 CrAg-positive
patients.

Tanzania 2015 Retrospective analysis of blood CrAg Titer of >160 associated with subsequent 3 patients with titers <160 died of [11]
titers (using LFA) on pre-ART blood cryptococcal meningitis (adjusted OR, 4.83; unknown causes.
samples from 21 asymptomatic 95% Cl, 1.24-8.41; P =.008) within 1y.
patients.

Uganda 2016 Cluster randomized trial of CrAg screen  Titer of >160 associated with subsequent Increased risk of death or subsequent  [20]

and treat strategy. CrAg titers (LFA)
on 151 asymptomatic patients.

cryptococcal meningitis (HR 9.2, 95%
Cl 2.14-39.58, p<0.01) (unpublished data)

cryptococcal meningitis if titer >160
and CD4 <50.

Abbreviations: ART, antiretroviral therapy; Cl, confidence interval; CM, cryptococcal meningitis; CrAg, cryptococcal antigen; HIV, human immunodeficiency virus; HR, hazard ratio; LA, latex
agglutination; LFA, lateral flow assay; LR lumbar puncture; OR, odds ratio.

those with higher blood CrAg titers [10, 13, 19, 21]. However,
many of these studies include symptomatic as well as asymptom-
atic patients. Our study established a significant risk of subclinical
concurrent cryptococcal meningitis, which was associated with
higher blood CrAg titers. This finding is important for inform-
ing management of CrAg-positive patients identified through the
expansion of screening programs worldwide.

In our study, LPs were offered at the discretion of patients’
health practitioners, who may have elicited different signs and
symptoms from patients than those recorded by study nurses. This
may have led to an overestimation of the burden of concurrent

cryptococcal meningitis and a stronger association with head-
ache than has been previously observed, because LPs would have
been more likely offered to patients for whom there was greater
suspicion of cryptococcal meningitis, and for patients admitted
to health facilities where LP was readily available. Patients who
underwent LPs had lower CD4 cell counts than those who did not
(22/uL vs 27/uL). Of note, the proportion of patients with subclin-
ical cryptococcal meningitis observed was similar to proportions
reported in previous studies [10, 13].

Our study was also limited by the number of patients with
available data, which did not reach the required sample size for

Table 3. Studies Analyzing Association Between Blood Cryptococcal Antigen Titer and Concurrent Cryptococcal Meningitis and/or Death

Association between blood CrAg titer

Country Year Study design and concurrent CM Notes Ref
Association between blood CrAg titer and concurrent CM
Democratic Republic 1989 Cross-sectional study of 44 newly Higher titers associated with Concurrent CM present in [21]
of Congo (DRC) diagnosed HIV infected adults increasing risk of concurrent 29/44 (66%) CrAg-positive
performing baseline blood and CSF cryptococcal meningitis (PPV 92% patients.

CrAg titers (LA).

Cross-sectional study screening patients
with CD4 <200 cells/uL and perform-
ing LPs in all CrAg-positive patients
(n=53).

Retrospective study performed blood
CrAg titers (LA) on 12 asymptomatic
CrAg-positive patients who had
baseline LPs.

Cambodia 2007

Thailand 2010

South Africa 2016 Prospective study implementing CrAg
screen and treat. Blood CrAg titers
(LFA) on 10 patients who had a

baseline LP.

Ethiopia 2017 Cross-sectional screening of all HIV-
infected adults admitted to hospital.
Serum CrAg titers (LFA) and LP for all

CrAg positive patients.

Median titer (LA) higher in those with

Higher CrAg titers in those with CM

Higher titers associated with

No CM in patients with titers of <160.

Serum titers of 2160 in 12/16 (75%)

for titer >128). Symptoms unknown.

Concurrent CM present in [19]
41/53 (78%).
Most symptomatic.

than those without concurrent CM
(2048 vs. 16, p<0.0001).

Concurrent subclinical CM in [13]
than those without (128-1024 vs. 3/12 (25%).

8-128).

Concurrent CM present in 4/10 [10]
(40%).
Symptoms unknown.

concurrent CM

Concurrent CM in 16/18 (89%). [22]
patients with concurrent CM. Two All symptomatic.
patients without concurrent CM

had serum titers of 40.

Abbreviations: CM, cryptococcal meningitis; CrAg, cryptococcal antigen; CSF, cerebrospinal fluid; HIV, human immunodeficiency virus; LA, latex agglutination; LFA, lateral flow assay; LR

lumbar puncture; PPV, positive predictive value.
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survival analysis and may explain the lack of significant asso-
ciation between concurrent cryptococcal meningitis or high
CrAg titer and mortality rate, as described elsewhere [1, 17, 20].
In addition, almost all patients who had cryptococcal meningitis
diagnosed and had available antifungal data received some ampho-
tericin B, which may have reduced the mortality rate in this group
and in those with a high blood CrAg titer. Other variables that are
known to affect prognosis but were not available for analysis in
this study include the presence of cryptococcal immune reconsti-
tution inflammatory syndrome, adherence to antifungal therapy,
concomitant diseases, HIV load, CSF cell counts, and LP opening
pressure, as well as whether or not repeated LP was performed.

Despite these limitations, our results highlight a substantial
risk of concurrent cryptococcal meningitis among patients who
are CrAg positive at screening but lack symptoms and signs
that typically lead clinicians to investigate for meningitis with
an LP. Because patients with cryptococcal antigenemia, treated
preemptively with fluconazole therapy, have a 2.5-fold increased
risk of death compared with individuals with similar CD4 cell
counts without cryptococcal antigenemia [8-11], a more aggres-
sive approach to management should be considered. Where pos-
sible, LP should be used routinely to investigate for cryptococcal
meningitis in all CrAg-positive patients, even those without
symptoms. However, experience suggests that only a minority
of asymptomatic or mildly symptomatic patients are willing
to undergo LP, even if carefully counseled. In this study, more
than a quarter of CrAg-positive patients with a headache did not
undergo LP, although concurrent cryptococcal meningitis was
diagnosed in 90% of those who did. Alternatively, blood CrAg
titer could be used to tailor patient management. Those with
higher CrAg titers, perhaps identified with a semiquantitative
CrAg test, could be targeted for more intensive, but still feasible
and sustainable, antifungal therapy. Further work is required to
determine whether such an approach could improve the out-
comes in patients with cryptococcal antigenemia.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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